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FIGURE 1221 ‘Ignition’ timing faps: electtonically. optimized (abovey and
- miechanical advance system { . . :

are tised to provide the ECU with information on'current engine operating conditions: engine
_speed; accelerator position; engine coolant, fuel, and inlet air temperatures; turbocharger:
boost pressute, vehicle speed, control rack, or control collar position (for control of fuel quan-:
tity); and amospheric pressure. Figure 12,22 i§ a schematic of an eléctronic éngine control sys-
tem on an in-line diesel fuel injection pump application, |

_Fuel Quantity and Timing. ~The fuel quantity alone controls a compression ignition:
engine’s speed and load. The intake air is not throttled as in a spark ignition engine. The quan-
- tity of fuel to be delivered is changed by increasing or decreasing the length of fuel delivery.
time per injection. On the injection pump, the delivery time is controlled by the position of the
control rack on in-line pumps and the position of the control collar-on distributor-type pumps.
An ECU-controlled actuator is used to move the control rack or fhe collar to increase or
decrease the fuel delivery time. The ECU determines the correct length of delivery time
(expressed as a function of control rack or collar position) using performance maps based on
~engine speed and calculated fuel quantity: Corrections and/or limitations ‘as functions of
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engine speed, temperature and turbocharger hoost pressure are used to modify the delivery
time. In addition, the control rack or collar actuator contains a posmon sensor that provides
feedback to the ECU on controller position. If the requested posmon differs from the com-
manded position, the ECU continiues to move the controller vid the actuator until the com-
manded and actual position are the same.

The start of injection time of the fuel at the cylinder is:a function of the wave proPagauon
speed (1 e., the speed of sound) of the fuel from the fuel injection pump to the injector.
Because thlS tiine remains a constant; at increasing engine speed the delivery of fuel at the’
cylinder would be delayed with reference to crankshaft angle. Therefore, the timing at the
injection pump must be advanced with increasing engine speed so that the start of injection
oceurs at the same cranksh engine speeds. Selection of 1njecuon timing has
a large impact on exhaust en pine noxse. Delaying the start of 1nject10n reduces
NO‘ 'é'mis“éibns but ex %

sprmg~10aded tmung device plunger efpluhger‘r‘eta es the pump ’s collar rmg (for distribu-
tot type pumps) in the opposv;e direction:of: the pump’s totation which advances the timing.
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Speed Control. As was’xuentioned previously, for a CI engine, fuel quantity alone controls
the engine’s speed and load. Therefore, presuming adequate ‘injected fuel quanuty, an

unloaded Cl engine can speed up out of control and destroy itself. Because of this, a governor

s, reqmred to limit the engine’s maximum speed, In addition, governors are also sed for low.
idle and cruise control to maintain a constant engine or vehicle speed and meter the correct
fuel for cold-startmg Fuel is also controlled as a function of speed and boost pressure to limit

- smoke levels, engine torque and exhaust gas temperatures, On anelecttomcally ‘controlled CIL
engine, the governor’s functions are controlled by the fuel delwery system described previ-

-ously. Engine speed is provided by an RPM sensor that monitors the periods of angular seg-
ments. between the reference marks on the‘engine’s flywheel or in the in-line injection. pump.

-EGR Control. Rerouting of exhaust gases into-the intake air stream is known as exhaust gas

:rcmrculauon (EGR). EGR reduces the amount of oxygen in' the fresh intake charge while
mcreasmg its specific heat. This lowers combustion femperatires and results in lower NO,

- emiissions. However, excessive amounts of EGR result in higher emissions of soot (particu-

:1lates) CO, and HCs all due to insufficient air, Also, the introduction of EGR can have an
-adverse affect on driveability during cold-engine operation, full-load operation, and at idle. It

is best, therefore, to control the EGR valve with the ECU. Both pheumatically controlled and
: solenoxdeOntrolled EGR valves aré in‘iise. The BCU determmes when and how. nluch EGR.

will occur based on engine temperature and accelerator posmon

Turbocharger Boost Pressure Control, ‘Engines that have turbochargers be'nefi"; signifi-
“cantly from electronic: boost pressure control. If ‘only-a pneumatic-mec'hamcal ‘wastepate s,

. used only one boost pressure pom’c for the entlre operatmg range lS used to dlvert the exhaust'

condmons bocause all the e)\haust gases must pass the turbme The result i mc1eased exnaust
- backpressure more: turbocharger w0rk, more residual exhaust gas in the cy]mders ‘and higher
_charge: air femperatures.

By controlling the wastegate with a pulsc-w;dth—modulated solenoid valve, the wastegate

“can be opened at d1fferent pressures depending on the engire operating: conditions, There- -
“fore, only the level of air charge. pressure required is: developed The electronic control unit.
uses information on engine speed and accelerator position to reference a data table and the

“proper boost pressure (actually, duty cycle of the control valve) is determined. On systems
- using intake manifold pressure sensors; a' closed-loop control system can be: deve]oped to
“compare the: spemﬁed value with the measured value.

Glow Plug Conirol. Electronic control of the glow plug duration can be handled by the ECU

-or a separafe control unit. Input ‘for determining glow fime is from an engine coolant temper-
‘ature sensor. At the end of the specified glow period; the controiler turns out the start indica-
tor light to s1anal the driver that the engine can be started, The glow plugs remain ‘energized
while the starter isengaged. An engine load monitor is'used to switch off the glow process after
start. To limit the loads on the battery and the glow plugs, a safety override is also used.

123.2 Fuel Delivery Systems

“The diesel fuel delivery system comprises a low-and high-pressure side. On the low-préessure
side is the fuel tank, fuel filter, fuel supply pump; overflow valve, and fuel supply lines, The
-high-pressure side is initiated iii the plunger and barrel assembly and continues through the
“delivery valve, hlgh-pressuze injection lines, and injection nozzle.
The fuel mpctlon pump must deliver fuel at a pressure between 350 and 1200 bar, depend-
ing on the engine's combustion configuration. The quantity and. tlmmg of mjectlon must be
' ’precxsely controlled to achieve good mixture quahty and to minimize exhaust enmdssions..
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Fuel Injection Process. An engme-dnven canshaft (in-line pump) or cam plate (dismbutor

. pump) drives the injection pump’s plunger in the supply direction, creating pressure in the

high-pressure gallery. The delivery valve responds to the increase in pressure by ¢ oppmng This

'sends a pressure wave to the injection nozzle at the speed of sound, The needle valve in the

nozzle overcomes the spring force of the injection nozzle spring and lifts from its seat when
the opening pressure is reached. Fuel is then injected from the spray ¢ orifices into the: engme s
combustion chamber; The injection process ends with- the opening of the spill port in the.
phinget and barrel assembly, This causes the pressure in the pump chamber to collapse, which
then causes the delivery valve to close. Due to the action of the delivery valve relief collat, the
pressure in the injection line is reduced to the “stand- -by pressure. ” The stand-by pressure is
determined to ensure that the injector nozzle closes quickly to eliminate fuel dribble, and the
residual pressure waves in the lines prevent the nozzles from reopening.
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CHAPTER 13 |
TRANSMISSION CONTROL

Kurt Neuffer, Wolfgang Bullmer, and Werner Brehm
Robert Bosch GmbH

131 INTRODUCTION _ ... ... ... ..

In North America and Japan, 80 to 90 percent of all passenger-cars sold haye automatic trans-

missions: (ATs) but.in Europe only 10 to 15 percent of passenger cars sold have ATs, There

are two main reasons for the difference: In Burope, drivers tend to view ATs, compared to

‘manual transmissions; as detrimental to driveability and responsible for a somewhat higher

fuel consumption. But: 1mplementat10n of elcctronic control ccmcepts has invalidated both of
those argumients.

Since the introduction of electromcrtransmlssmn controls units (TCUs) in the early 1980s
by Renault and BMW (together with a fourspeed -transmission from Zahnradfabrik
Friedrichshafen, or ZF) the acceptance of the AT rose steeply; even in Europe For thisrea-
som, all new ATs are designed with electronic control. The market for ATs is.divided into
,stepped and continuously variable transmissions (CVTs). For both types the driver gets maiy.

~advantages. In stepped transmissions, the smooth shifts can be optimized by the reduction of
engine torque during gear shift, combined with the correctly matched oil pressure for the fric-
tion elements (clutches brake bands). The reduction of shift shocks to'a very low or even to
an unnoticeable level has allowed the design of fxve»speed ATs where a slightly higher iium-
beiof gear shifts oceur, In today’s standard systems, the driver can choose between sport-and
economic drive programs by opérating a selector switch; In hlghly sophlstxcated newer sys-
~terns, the selection can be replaced by the self—adaptatxon of shift strategies.’ This leads not
~only to better driveability but also to 4 significant reduction in fuel consumption. Addition-
ally, a -well-matched electronic control of the torque converter lockup helps to-improve the
“yield of the:-overall system: Both automotive and transmission manufacturers benefit from the
reduced expense resulting from the application of ditferent car/engine combinations, Differ-
ent shift characteristics are easy to: nnplernent in software, and much adaptatxon can be
ach1eved by data change leaving: the transmission hardware and TCU urichanged. The reduc-
1 losses in friction elements increases the life expectancy and enables the opti-
mlza’non of transmission hardware design..

‘With the CVT, one of the blggest obstacles to the potennai reduction in fuel consumption
by operating the engine at its optimal workmg point is the power loss.from. the transmission’s
oil pump. Only with electronic controlis it possible to achieve the requiréd yield by matchmg
the oil mass-stream and oil pressure for the pulleys to the actual working conditions: '

To guarantee the overall economic solution for an electronieally controlled transmission,
either, stepped 'or CVT, the availability of ‘precision electrohydraulic actuators is imperative,

13.1
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13.2  CONTROL SYSTEMS ' .

13.2_SYSTEM COMPONENTS

The cemponents of an electronic transrmssnon cotitrol system are a transmission which is
adapted to' the electronic control requirements and an electronic control umt W:Lth corre-
sponding inputs and outputs and altached sensor elements:

13.21 Transmission

The greatest share of electronically controlled transmissions-currently on the market consists
of four- or five-speed units with a torque converter lockup clutch, commanded by the control
unit. Market share for five-speed transm15510ns is, conhnuously increasing: With electronically
controlled transmissions there are numerous possibilities to substitute mechanical and
hydrauhc components with electromechanical or electr ohydrauhc components. One basic
method is to substitute only the shift point control. In a conventional pure hydraulic AT, the
gear shifts are earried out by mechanical and hydraulic: components, These are controlled by
a centrifugal governor that detects the vehicle speed, and a wire cable connected to'the throt-
fle plate lever. With an electronic shift point control, on the other hand, an ¢lectronic.control
unit detects and controls the relevant components. In the transmission’s hydrauhc control
unit; mechamcal and hydraulic components are replaced by electrohydrauhc controlling ele~
“ments, usually in the form of electrohydraulic on/off solenoids. This way the number of
solenioids, as well as ‘the control logic, can be varied over a wide range. For example, for each
gear, one specmc solenoid can operate the relevant clutch for this gear shift. Altematwely,
‘there can be one solenoid for each gear change which is switched con'espondmg to the shift
‘command. In' this s Way, only three solenoids are required in a four-speed transmission: In some
‘eurrent designs; the gears aré controlled by a logical combination of solenoid states. This.
design needs only two gear-controlling solenoids for a four-speed transmission. For ﬁve-speed
applications, accordmgly, three solenoids are required: (Table 133y

TABLE 131 Example of a Gear-Solerioid Combination for-a Flve-Speed
‘I‘rdnsmmsxon Application

N ,Sglgno,id;f o " Solencid2 Solenoid:3
{stgear Clom T - den 7 T on
2nd gear: on: on: off
3rd gear on off off
4th gear off ‘off oft
Sthgear off _on _ off

“The hydrauhc presstre is controlled in this basic application by a hydraulic proportmndl
‘valve which is; in turn, controlled by a wire cable connected to the throttle plate lever. With
this design, t the shift points can be determined by the electronic TCU, resulting in 4 wide range
of freely selectable driving behaviors regarding the shift points. It is also possible to use dif-
ferent shift maps. according to switch or sensor signals The influence on driving comfort dur-
ing gear shifting in this eIectromc transmission control application has important restrictions.
‘The only possible way to control shift smoothness is with an interface to the electronicéngine
‘management. This way, the engine output torque is influenced during gear shifting, A system-
atic wide-range control of the hydraulic pressure during and after the gear shift necessitates
the replacement of ‘the hydraulic: pressure governor with an electronically controlled
hydraulic. solenoid. This design allows the use of either a pulse-width-modulated (PWM)
solenoid or a pressure regulator The choice of which type of pressure control solenoid to
use results from the reqmrements concernmg sh1ft "emfort under all driving conditions, For
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present-day designs with htgh requirements-for shift comfort during the entire life of the
transmission;, at all tempetatures, and with varying oil guality, the analog pressure control
solenoid is superior to the usual PWM solenoid providing there is no pressure sensor in oper
ation as a guideline for pressure regulation. This-application usually uses one central contml-
ling element in the fransmission for the pressure regulation to control the shift quality.

Ini other transmission developments, the shift quality is further increased using electroni-
cally controllable brake elements (bra e'banda) for some spe - changes. In this case;
the flywheel effect of the revolving élements is limited by an electronic control of a brake

- band according to an algorithm or special timing conditions;

The most sophisticated {ransmission application to date is 5o desrgned that overrunning;
clutches are eliminated and gear changes are exclusively controlled by the eléctronic control
“unit with pressure regulator solenoids.! This application is characterized by extremely high
demands on the electronic TCU concermng real-time behavior and data handling. The rela-
tionship: between weight, transmission outline, and transferrable torque has reached a high
level. Compared to transmissions with overrun clutches, the necessary frttlng dimensions are
reduced.

Present elect 'mcaliy controlled ATs usually have an electronically commanded torque
converter cliuteh, which can lock up the torque converter between the engine output and the
transmission input. The torque converter clufch is activated under certain driving conditions
by a solenoid controlled by the electronic TCU. The solenoid design, dependmg on the
reqmrementa of TCC functions and shift comfoit, can either be an on/off solenoid, a PWM

id; or.a pressute regulator Lacking up the torque converter eliminates heth of the
converter, and the' efflcrency of the transmission systen is inereased. This results in an even
lower fuel consurnptlon forcars equrpped ‘with AT,

' 1322 Electronic Control Unit

m electromc transmission control 15 the electronic control

Another 1mp0rtant component
hich is designed according to the requirements of the transmission and the car cnvi-
ronme ts: The electronic control unif can be divided mto two main parts: the hardware and
the. correspondmg software.

Hardware “The hardware of the electromc confrolnit CONSists. of the housmg, the plng, the
carrier for the electronic devices, and the devices themselves, The housing, accordm,g to the
requirements, is available as an unscaled design for applications inside the passenger com-
partinent or within the luggage compartment It is also possible to have sealed variants for
mounting conditions inside the ergine compartment or at the bulkhead. The materials for the
housing can be either various plastrcs or metals. There are many different nonstandardized
housings on the market. The various outlines and plug conﬁguratlons differ, dependmg upon-
the manufacturer of the electronic unit. The plug configuration, i.e.; the number of pins and

the: shape depends ‘on the functions and the requirements of the automotlve manufacturer;
'The number of pins is usually less than 100.Seme control unit manufacturers try to standard-
ize their plugs and housings throughout all their electronic control units, such as engine man-
agement, ABS, traction control, and others. This is important to simplify and to standardize

The carrier for the electronic devices is usuaﬂy aconventional prmted Cll‘CLIlt board (PCB).
The number of layers on the PCB depends on the application. For units with a complex device
structure and high demands for ele magnehc compatrbrhty, niiltilayer applications are in
use. In special cases; it is possible {6 use ceramics-as a carrier. There are usually some parts of
the electronic circuit, resistors for example; designed as-a thick-film circuit on the hybrid, In
this case the electronic unit is manufactured as a solder hybrid or as a bond hybrid with direct-
bonded 1ntegratf:d circuit devices. Some smgle apphcatlons exist with-a flex-foil as a carrier
for the electronic dévices: Thiése applications are limited to- very special regiiirements.
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The transmission confrol area requires some spec1ally designed electronic devices, in par-
ticular, the output stages for the actuators of pressure regulation and torque converter clutch
control. These actuators for pressure control have extremely high demands regarding accu-
racy of the actuator current over the whole temperature range and under 4ll conditions inde-
entire lifetime. There are some knewn apphcahons of
customer-specific integrated circuits or devices. Here, specml attention pa1d to quahty and
reliability over the entire lifetime is necessary to meet the continuiously increasing quality
requiréments of the automotive market, Currently; there is an increasing- spread of surface-
mounted devices in transmission control applications. This is why the unit sizeis- continuiously
decreasing despite an increasing number of functions:

On the funetional side, the hardware configuration can be divided into power stpply, input
signal transfer circuits, output stages, and microcontroller, including periphetal components
and monitoring and safety circuits (Fig, 13.1). ‘The power supply converts the vehicle battery
voltage into a constant voltage required by the electronic devices inside the- control unit:
Accordingly; special attention must be paid to the protection of the internal devices against.
destruction by transienits from the vehicle electrical system such as load dump, reverse battery
polarity, and voltage peaks. Particular attention is also necessary in the design of the elec-

ignition " infarral supply|
Vg 7 _votage |
digital ‘5‘dig§tal~$'ignals: )
Inputs: ==2|. :
| Interfaces o
: actuator: -
1 output,; 2Ty actuators
e stages
| micro-
) I |, ‘controller
EMS oo | : R
Interface === i
' o | pulse signal -
:‘s‘pe‘e_d . ; :i;nt?da‘casi? o
signals = v
. =4 H k [OW e
e L ECU
S ;’t“;g:; |7 interfaces
T .| analog signals ~Bam || T .
'ATF L » ST
Jnterfaces external | oo TR
e = | watehdog |-
dagnostics [ seral |
:} interface for
R dtagnosncs

FIGURE 131 ‘Overview of hardwa.re parta
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tronic ground concept for the control unit, especially where the electromagnetic compatibil- -
Ity' and RF mterfel ence is concerned. This is very important to prevent undesired gear shiff-~
v be troublesome for drivers. Ong partof the input circuit is the preparation. of the.
igital mgnals -stich-as position switch, program selector, and kickdown switch. A second part.
s the transfer of the analog sxgnals like ATF temperature and voltages according to poten-
tiometer statés. The third part is the interface to other electronic control units, especally to
the engine management system. Here the single signal lines between the cotitrol units will be
“increasingly substituted by bus systems like CAN. The fourth part is the preparation of the
transmission-specific signals from the: speed sensors inside the transmission.

The calculators inside the confrol units are usually microcontrollers. The Teal-time require-
ments and the directly addressablé program storage size of the selected mlcrocontrollers are
determined by the. functions-of the transmission control and the car enviroriment, In present
'apphca’uons either 8-bit or 16-bit microcontrollers are In use. There are sysiems with 32-bit
microcontrollers in development for new, highly. sophlstlcated control systems: WIthmcrcasmg
functional and extreme real-time requirements originating from the transmission concept.
The memory devices for program and data are usually EPROMS, Their storage cay acity s, in.

pplications, up to 64 Kbytes. Futiire applications will necessitate storage sizes up to
e faﬂure storages for dlagnostxcs and tha storage ) 'adaptwe data are in con~

e usually watchdog cucults in various: conflguratlon use regardmg safety and
momtonng.., These: can be either a second, low-performance: microcontroller; a. costomer-
- specific circuit, or a cireuit with commen available devices. The oufput stapes can be divided
‘into thh-power stages for the transmission actuator control and low-power stages like lamp

drivers or interfaces to other electronic conitrol Units. The 10W—p0WBI’ output stages are mostly
conventional output drivers either in single or in mu]’uple apphcatmns, which are mainly pro-
tected: against short circuits: and voltage overloads.

For the transmission solenoid control, special output stages are necessary, and they are
“specialized for operatlon with induetive actuators: The pressure regulation durmg shifting in
-s0me apphcat:ons Tequires hlgh decuracy and: t-regulated output stages are needed.
“These are mainly’ designed as. customer—specfﬁc devices. The type and numbe: of solenoid out-
‘put stages depend on the control philosophy of the transmission: they are generally of 4 spe-
‘cial design for specific transmission applications. Durmg the preparation of the speed sensor
“signals, attention must be pald to the electromagnetic compat1b1hty and radio frequency inter-
ference conditions.

Software.. The software within the electronic transmission control system is gamma licreas-

inlg importance due to the increasing number of functions which, in turn, Iequires increasing
software-volume: The software for the control unit can be divided into two parts: the program
and the data: The program structure is defined by the functions, The data are specific for the

“relevant program parts and have to be fixed during the calibration stage. The most difficult

sSoftware nirements 1 sult from the real-time: COndIUOIIS oming {rom, the. trar "'ﬁSsmn
design. This is also the main criterion for the selection of the microcontroller (Flg 132).

The program is generally made up in several parts:

+ S ftware according to the special microcontroller hardware;e.g., /O preparation and filter,
: functions, init ahzation of the microcontroller and the control unit, internal services
for the controller peripheral devices; and internal software ser\uces like operating systems:

'» Software coming from the defined functions, , Originating : fmm specificitransmission and car
functlons :

= Parts coneerning safety functions like output switch-off; substitute values for the input sig-
nals, and safety states of the microcontroller environment in ease of failures, Depending on
~the 1‘equ1rements, there can be a software watchdog or ‘a hardware-configured watchdog
‘circuit innse. The watehdog instruction is also part of the security software.
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initialization |
of microcontroller
and control unit |

-~ input signals |
| preparation |~}

ISafety i
gt i 1 [ons -
frmctionis || e |
.| caleulation | |
Diagnostics|
=1 signal. ‘
. translation . | oo

‘FIGURE 13.2 - Software structure overyiew:

s Diagnosticand communication software for the self-test of the control unitand also the test
of the control unit environment.

'Ihese functlons are: reIated to the 1 efmed functlons of the electronic control system. Parts
4 ges momtorm g, the mputmomtormg, and

number of powerful cost-effectwe mlcrocontrellm
ity of memory ¢omponents with larger sforage sis fa
making it possible fo use a higher progratm iing langt

an ingenious structure of software models and
- be followed by an effective distribution of fus [
related time requirements: and event management, T
the function of the electronic TCU because of iccelerated handling ot ty
tions during gear shifting. e : o :
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The second. software ‘part, data, can be divided into fixed data, which is related to fixed -
attributes of the system, e.g:; the number of actuators, and cahbratmn data for system tumng
‘The calibration data can be adapted to changing parameters of the system such as the engine,
'vehicle; and transmission characteristics. The: fixing of calibration data takes place dunng the
tuning stage of the vehicle and hias to be redetermined for'each type of vehicle and transmission.
With some applications, the calibration data are added to a basic-program during the vehicle
ploauctron according to- different types of cars by the so-called end-of-line programming. This
‘means that the tnits can be programmied with the calibration data with closed honsings by a spe--
cial interface. The share of software dcvelopment in relation o the total: develepment time is
increasing continuously. The requirements for real-time behavior and memory size are rising in
accordance with the mnsxderablv increasifig demands for shift comfort and self-learning func-
tions. This requires an ingenjous- structure of the software and an event-related distribution of -
software. miodels, especially during gear: sfuftmg The rising software complexity with simultane-
'ously mcreasmg quality’ reqmrements causes ]ilgher demands for software quahty control.

13:2.3 Actuators

Electrohydrauhc actuators are important components: of the eiectromc transmission ‘control
systems.” Contmuously operating actuators are used to: modulate pressure, while switching
actuators function as supply and dischar ge Valves for shlft-pomf control Fgure 13,3 prov1des i
a basic overview of these types of soletioids:

Important qualities for the use of actuators in ATs are low hydraulic resistance to achieve
high flow rates, operation temperature range from —40 to. +150 °C, s all power loss, mini-
inized heat dlsmpan in the ECU’s. output stages, small size and low weight, highest reliabil-
ity In hea itaminated oils,- maximum accuracy and’ repeatability over lifetime, shortr v

reaction tim 3 ure range up to 2000 kPa, maximum vibration acccleratlon of 300 mfsh
‘and high numbet of switch operatib ; '
A very important-aspect is that the hardware and software of the ECU be developed, taks
ing into account the electrical specifications of the solenoid to obtain an optimized complete
‘system concerning performance and. cost.” 57 For further details in design and apphcatmn refer’
to Sec, 10:3,5:

It should be noted thatthese characteristicscan be varied over a wide range and thatmany other
types of solenoids exist orare in development for the special requxrements of new applications.

13.3 SYSTEM FUNCTIONS

Functions can be des1gnated at systems funetions if the mdmdual ‘components of the tofal’
electronic transmission control system cooperate: efficient] to'provide a desxred behavior of
the transmission and the vehicle. There are different stages of funetiona
ent: effects on driving: behawor and shlft charaotenstlcs {Fig,’
increasing complemty of the system relating to all components to unprove the translatxon of
driver behavior into. transmission action. That means that the expense o actulators, sensors,
and links to other control units is mcreasmg, as is the expense of the TCU software and hard-
ware in the case of hlgh-level requirements regarding dnveabﬂlty and shift comfort. Figure
13.4:shows three main areas. These will be discussed in defail in the followmg material.

13.3.1: Basic Fu'nctio‘ris

The basic functions-of the. transmlssum control are the shift pomt control; the lockup control
enging torque: control durmg shlftmg, related safety: functlons, and dragnost:c funct1ons for-’

1711



Switching actuators Continuous operation actuators
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“FIGURE13.5 :Structure of a basic transmission €ledtronic ¢ontrol init.

vehicle sefvice, The pressure control in transmiission systems with electrical operating: posm-
bilities for the pressure during and outside shifting can also be considered as a basic function.
Figure 13.5 shows the necessary inputs and outputs-as well as the block diagram of an elec-
tronic TCU sultable for the basic functions.

ShgftPomt Control. The basic: shift point control uses shift maps, whxch are deﬁned in data

‘tions are made, on the-one hand, by the hij
‘and, on the otheJ: hand, by the lowest engir
fncnse emission; Theinputs of the shift point dete: , !
_erator pedal posmon,,,and the vehxcle speed (determmed by the transmlss n output speed) i

and the downsh1ft charactenstm, , mcorpo ated Th hysteres1s s determmed th'e desued
shifting habit of the transmission and, alternatively, the car behavior. In the event that the par-
ticular shift charact¢r15t1c is crossed by-one of either of the two input valves; the elecironic

ECU releases the shift by activating the related actuators, This can be-a direct shift- mto the
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FIGURE 13.6 : Sh1ft dharaéteﬁ_sﬁcs’ of a four-speed application.

target gear or by aserial activation of specific actuatorsin a fixed sequence to the targetg gear,
depending on the. transmlssmn hardware: design.

Lockup Control/Torque Convyerter Clutch.? The torque converter clutch connects both
functional components of the hydraulic converter, the pump. and the tiarbine. The lockup of
the clutch reduces the power losses coming from the torque converter shp “This is a perma-
nent slip because it is necessary in prmmple to have a slip between the pumpwheel and the
turbine to translate torque from the engine output to the transmission input. To increase the:
efficiency of the lockup, it is necessary to close the clutch as often as possible: On the other
hand, the torque converter is an nnportant component to prevent vibrations of the power-
train. The activation of the lockup is, therefore, a compromise between low fuel consumption
and h1gh driving comfort. The shift points of the lockup are. determined in the same way as the
determination of the shift point in the gear shift point control: Usually there is one separate
characteristic curve for the lockup for each gear. To prevent. powertrain vibrations, it is advis-
able to open the lockup during coasting to use the damping effect of the torque gonverter. In
‘the case of a hlgh positive gradient of the accelerator pedal with low engine speed, the con-
verter clutch:has to open to use the: torque gain of the converter for better acceleration of the
car. In some applications, the lockup is opened during: shifting for improved shift comfort.
After shifting, the lockup can be closed agam When driving in first gear, the lockup is usually
open, because the time spentin. first gear is usually very low and, therefore; the frequency of
lockup shifting versus gear shifting becomes very high. This miay result in decreased dnvmg
comfort. A second reason is the improved acceleration of the car in first gear when using the
converter gain for-wheel forque..

bivEngme Torque Control During Shifting.? ' The engine torciue control requires-an interface

to an electronic engine management system: The target of the engine torque control, torque
reduction during shifting,is to. support: the synchr omzatlon of the transmmswn and to prevent
shift shocks.

In conventional applications, the engine. torque reduction’ originates from an ignition angle
control. The timing and absolute value of the ignition control depends on the operating con-
ditions concerning actual engine torque and shifting type.

Upshifi. The upshift occurs without an interruption of the. tractive power. The engine
torque reduction may be activated if the chitch of the target gear stays with the translation of
torque, The beginning ¢ of the engme torque reduction is-determined by the course of engine or

= {ransmission mput speed, There it is important to detect a decreasing speed The start of the
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torque. reduction is characterized by a specific speed difference. The end of the torque reduction
is activated at an applicable speed lead before reaching the synchronous speed of the new gear.

‘The power losses, which have to be picked up by the clutches, are dependent on the engine
torque and the sllppmg time:

Q =X (Mong X1, + Q) “ (13.9

where QO =power losses
Mm\g =enginetorque
L= shppmg time
QOiin= kinetic energy of revolving elements:

- Iiis possible to reduce the temperature stressto the clutches by: reducmg the engine torque:

and ccmsequenﬂy, by inereasing the slipping time at a fixed possible maximum power loss O
[Eq (13.1)]. Figure 13.7 shows a typical upshift. characteristic.

Shift Quahty Companson
Upshift Shn‘t acmrrandl e T ]

Time'r

FIGURE 13.7 - Timing of énging torque reduction-during tpshift.

Downshift. Downshlft under dnvnng conditions results in-a short mterruptlon of the trac-
tive power. At the synchronous’ point,’ he tractive power is in operation; The higher revolving

energy; on the other hand, results in undesired vibrations of the powertrain. To prevent such -
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'vibratioris; it is necessary to reduce the engine outpﬁt torque before reaching the synchronous

point of the new gear. ‘When the transmission-inputspeed reaches the synchronous speed of
the new gear, the engine torque has to increase to the nominal value, The increase is usually
apphesd as 4 torque ramp. Figure 13.8 shows a typical charactenstic of a downshift. The values
and timing of the engine torque reduction are generally partof the spccxal calibration data for
each combination of vehicle, engine, and transmission.

Shift Quality Comparison
Downshift Shit ;gm[ﬁand. 5

méEngmetorque T 1T
@ 05 10 i5 s
Time ¢

' FIGURE 138 Timingof enginé torque réduction durmg down=
Shlft

Pressure. Cantrol % The timing and absolute values of the pressure, which is responsible for
the torque translation of the friction elements, is; aside from the engine torque reduction, the
most important influence to shift comfort. The electromc TCU offers addltlcnal pess1b1htles7
for better function than a conventional hydraulic system.

The pressure values during and outside. sh1ftmg ccan be calculated by different a]gonthms

‘or can be determined by characteristic maps, The inputs for a pressure calculation are engine

torque, transmission input speed, turbine torque, throttle position, and so o, The inputs
depend on the special signal availability in different systems as well as the requirement con-
cernitig shift comfort. The variable pressure: components are usually added to a constant pres-
sure value according to the different transmission designs, Equation (13.2) gives a typical

algorithm fora pressure calculation.
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_power-on during the electronic initialization: The ‘monitorin
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g '_P'rrmd“:' ,Pmnst +vkt‘t X Pn"’ kl‘or. XP t0r+ k_s X P.v ’ ’ (132)

where Pmod =pressure
Pgong =-constant pressure Value

k, =: adaptatlon factor for input:speed.

Py=p : component dependent on.thé IeVOlutIDII s1gndl
adaptatlo factor for engine torque
pressure component dependent-on torque
e, = adaptation factor forvehicle speed .

Po= pressure comporient dependent “ofi vehlclespeed

. During applications; 1 the factors ‘must be defmed in the calibration phase. In general, t
determmatlon of these factors reqmres many vehtcle tes;s because the dynamlc charactens-

1brauon phase This kmd of pressure determmauon allows an unproved selection of the Optl- :
mum pressure at various extreme’ pomts mdependent of an algorithni,

The func 35 n_s whlch are usually known a8 dlagno' m:’

d1 1vmg condmons and d1 ‘gnosnc functlons whlch affect ant in reasmg avallabﬂﬂ:y of the car

srvicing. The boundary between safety and diagnostic func-
“'the antomotive manufacturer. In the category of real
that prevent uncontrollable shifting, especially -
unmten ded downshjfﬂng One section is the monitoring of the m1crocontroller and its related
e momto mg@f the transrmssnon Jike gear ratio:detection, is alse a part
¢ ock, nsor monitoring The microcontroller
momtor ,s‘usually a watchdog circuit; One: posmbxhty s touse the controller internal watch-
dog, In common applications; it is necessary to use an external watchdog circuit for safetyTea-
sonst ‘This can be. done with ‘a second, IOWLperforman e microcontroller or by a- separate .
_ vat fidog designed as an ASIC oras a conventional circuit device. Usually there is
asafety’ ogm circuit connected to.the’ watchdog, which; ifi the case of a-microcontroller break-
down, activates the failure signal and switches' the outputs for the transmission actuators to a
safety condition.

For the detection of the' watchdog;, it i3 necessaty o tést the Watchdoa'tuncuon after each

of the controlier peripheral:
components, in general EPROM RAM, and chip-sélect circuits, works continuously with’ spe-
cific algorithms; e.g., by writing flxed data values to the stor age cells and following compari-
son: with the read value or by checksum comparison with fixed sum values. The actuator
i udes detection of short circuit to supply voltage and ground as well as open-
load conditions.

Tn case of actuator malfunction, the. hmp homie mode is: selected ‘This means that the trans-
ission runs in a fixed, safe gear dependmg on the driving conditions. The safe state of the:
‘actuators isthe noncurrent condition; which is: secured by the: electronic control unit: The con=
frol unit can put the output stages into:the noncurrent stage separate for each output or by a:
common supply switch, usually a relay or a transistor: There are some apphcattons that use a
combination of both the watchdog and safety circuits.

The monitoring of the transmission-specific sensors, such as; mput speed, otitput speed, and
oil temperature, works as a plausability check. For example the transmission . ut speed-can
be caloulated asa combination,of the transmission output speed and the gear ratio. In case-of
a detected speedsensor malfunction, the limp home mode is generally required. With a tem—
perature sensor failire, the TCU usually works with a substitute value,

The diagnostic functions, which facilitate the tinding of failures in the service station; ¢on=
tain the faﬂure storage and the comrnumcatlon 1o the service tester, which. allow the stored
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' failures of the: electromc TCU to be read. The communication between the control umt and

the service tester is mainly car manufacturer-specific and must be defined by the car manu-
facturer before going into series productlon The communication runs on a bidirectional, sep-

‘Arate communication link..

The failure storage takes place in a nonvolatile memory device; e.g., in a permanent sup-
plied RAM or in an EEPROM. It is also possible to store sporadic failures to detect such prob-
lems during the next service. The failure codes, number of stored failures, the handling of the
failure storage. as well as the: reaction of the TCU i in case of a partlcular fallure IS manufac-

functlons of an elcctroch CU., The diagnostic funcnons conccrmng service. tester and ¢ com-
munication protocols are, over a wide range, manufacturer-specific. These range from a simple
blink code up to a real self-test of the electronic unit, mcludmg all penpheral components

13.3.2 ,lmprovéiiw'enf of'§'hiff Control

In a second development stage, the basic functions can ‘be revised by a mod1ﬁcat1on of the
software functions and by adding new parts to the basic functions. ‘This action restl{s in a sig-
nificant enhancement of the driving and shiftmg comfort: By a revision of the basicsafety and
diagnostic functions with so-called substitute functions, it is possible to increase the availabil-
ity of the. veh1cle with AT as well as the driveability in.case of a malfunction.

Shift Point Control, The basic function can be improved 51gmﬁcantly by adding a software

" function, the so-called adaptive shift point controL® This function requires only signals which

are available in an electronic TCU with basic functions. The adaptive shift point controlisable

“to.prevent an oftenccriticized attribute, the tendency for shift huntlng espec:lally when hﬂl
‘climbing and under heavy load conditions.

“The adaptive function calculates the: vehicle acceleration from the transmission output
speed over time, The value of the actual acceleration in relation to a set value of the acceler-

ation is the input for the shift point correction. The set value is given by the traction resistance
characteristic. For a certain difference between set and actual value, the adaptation of the shift

point occurs. The dimension of the shift point correction can: be detcrmmed by cahbratton

. data and depends in general also on the actual vehicle speed and the engmc load.

“The shift point correction leads to higher hysteresis between uPshlft and downshlft char-
acteristics, With a high difference between set and actual values, it is also possible to forbid

certain gears, The return to the basie shift point control is organized by software and can be
fixed by calibration data. Usually; in the case of power-on, Ihe adaptive shift point control is
reset (Figs. 13.9 and 13:10)

In-addition to these functxons, different shift maps ¢4n be nnplemented into the data field
of the TCU, For cxample it is possible to have one shift map for low fuel consumption, which
has shift points in the range of the best efﬁcxcncy of the engine, and. additionally to have
another map for power operation, where the shift points are placed at points of highest engine

~output power. The character and number of different shift maps can be selected over a wide
-range. The choice of the different shift maps can be done by a selector push button or switch
‘commanded by the driver. In further apphcatlons the changing of the différent shift programs
is possible by self-learning strategies. It is also possible to implement a manual program in

which fixed gears are specific to predeterrmned positions of the selector lever.

Lockup Confrol.. Ther¢ are some addmonal functions which can improve cons1derably the

shift comfort of the lockup. In a first step, it is possible to replace the on/off control of the
lockup actuator by a pulse control during opening and closing. This can be achieved using con-

ventional hardware only by a software modification. In a further step, the on/off solenoid is
replaced by a pressure regulator or a PWM solenoid. o

By coordinating intelligent ¢ontrol strategles and corresponding output stages ‘within the
electronic TCU, a conisiderable improvement of theshift behavior of the Tockup results. Here
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FIGURE13.9 Basic principle of adaptive shift poirit. - FIGURE 13.10 Shift’ characteristics before’ 9
control: -and-after {—) adaptation;:

itis possible to close the lockup at low engine speed and low engine load with good shift com-
fort, resulting in decreased fuel consumption.

Engme Torque Reduction During Gear Shtftmg By an unproved interface design to the
engine management system, it is possxble to-extend the éngine torque reduction function. It is
necessary to use a PWM signal with related fixed values or-a bus interface. The engme torque

reduction is controlled directly by the TCU. The advantage of such an interface is an indepen-

dent calibration of the TCU dat: Qver awide range w1thout changmg the engine. management
data.A futther advantage is the improved possibility for rdination of the engine torque.
reduction and the pressure: control within the TCU. The 1mprovement of this interface can be
extended up 10 areal torque interface, especially when using a bus communication link.

Pressure Control ® The pressure control can be 1mproved in a similar way as the shiff point
control with an adaptive software: strategy. The required inputs for the adaptwe pressure con-
trol are calculated from available: signals in the transmission control. The main reasons for the
1mplementatlon of the adaptive pressure control are the variations of the attributes of the,
transmission components like clutch surfaces and oil- quahty as well as the chanj ing engine
output torque over the lifetime of the car:. B

The principle of adaptive pressure control is a comparison of a set value for the shift time
with an-actual value, measured by the transmission mput speed course.Ata spec1f1c difference
of the set value to the actual value, t thé préssire value is corrected by a certain increment in
the positive or negative direction. The original adaptation time and the pressure value incre-
ment were fixed dunng the calibration phase. For safety reasons, the total deviation of the
pressure value from a given value is limited, depending on the partlcular application, Usually
the cotrection values are stored in the nonvolatile memory to have the correct values avail-
able after power-on of the electronic TCU.

Safety and Diagnostic . Functions, . 'The safety functions exténd over better mcim'toring of
“the selector lever and functions concerning misuse by the driver. With a corresponding trans-

mission hardware design, the 1mplemen1:at10n of a reverse gear inhibit function 1s possible;i.e;
above a certain vehicle speed, the position R is blocked hydraulically by a single solenoid or
by a particular solenoid combination comnianded by the electronic TCU. This function pre-
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vents the destruction of the transmission in the event of an unintentional s]nft to the reverse
gear, Downshift prevention is part of the safety function, especmlly during manual shifting by
the driver, Here the synchronous speed of the new gear is calculated and compared with the
admissable maximum engine speed. In the case of a calculated synchronous speed above the

‘maximum engine speed, the downshift i is prohibited by the TCU. This funetion can be sup-

ported by an overrun safeguard which releases the limp hotie mode in case of exceeding the
admissable maximum engine speed.

All of those functions can be extended and have to be defined durmg the development
stagﬁ by the automobile transmission and electronic TCU manufacturers. To increase avail-
ability of the AT system, even with the failure of certain signals, it is possible to provide a sub-
stitute operation with better drivability than in the limp home mode. This can be done by

substitute functions; The electronic TCU falls back on substitute values or signals ih the case
-of a breakdown of certain interfaces. There is, for example, the prSiblhty toirun with a pro-

grarnmable fixed throttle value with a breakdown of the throttle position s1gnal ‘This results
in a reduction of the shift characteristics to:shift pomts Shifting into-all gears 1s: possible, how-
ever, with reduced shift comfort. A further method is to use secondary signals in case the orig-
inal signals break down. For example, the calculation of vehicle speed can be from wheel
‘speed during breakdown of the transmission output speed signal. This tec.hmque usually
reqmres a contiection between ABS and transmission controli The third variant is the cancel-
ing of certain functions if the necessary: input. sxgnals are missed. For example, in the case of a
kickdown switch failure, the kickdown furiction is canceled. This results in no downshift after
operation, of the kickdown. Downshifts are nevertheless still possible via the full-throttle
opening point according to the full-load shift characteristic.

“ The availability and driveability of automobiles equipped with electronic TCU in ¢ase of
system failures can be improved sxgmﬂcantly with the implementation of substitute functions.
This resultsin a considerable increase im acceptance by the drivers of automoblleq w;th elec-

‘trofic transmission control,

13.3.3 Adap‘tatlon to Driver's Behawor and Traffic S"tuatlons

example, after a red

Inc 061 tain driving conditions, some dxsadvantages of the conventional AT ¢an be prevented by
‘using self-learning strategies. *This is espeeially valid when improving the compromise in the
shift characteristics regarding: gear selection under parficular driving conditions and under
difficult environmental conditions. The intention of the self-learning functions is to provide

the appropriate shift characteristic suitable to the driver under all driving conditions. Addi-
tionally, the behavior of the car under special conditions can be improved by suitable func-

tions., Available input signals of the car, provided by the related electronic TCUs from

interfaces and communication links, are processed by the TCU with specific algorithms, The
self-leatning functions can be divided into a long respectively medium term adapfanon for

driver’s style detection and into a short-term adaptation which reacts to the present driving
situation, such as hills or curves.

‘The core of the adaptlve strategies is the driver’s style detection. The driver’s style can be
detected by monitoring of the accelerator pedal movements. ‘The inputs are operation speed,
operation frequency, and the rating position of the accelerator pedal. These inpufs are pro-
cessed depending on priorities with spec1al algorithms related to the desired driving behayior
of the car. The calculated driver style isrelated to certain shift maps. There is a large choice of
shift‘ maps available, With the currently known applications, there are mostly four different
shift maps ranging from fuel economic to extremely sporty vehicle behavior. The calculated
driver’s style can also depend on the. actual vehicle speed and the share of constant driving
conditions during a certain driving eycle, These self- learning functions can be calibrated by
the car manufacturer; depending on his philosophy and target market. In this way, the number
of shift maps and the speed of the adaptation have the main influence: A further possibility to
match the driver’s style is by rating the accelerator pedal operation during vehicle start, for
light stop In this way the operation speed and frequency of the accélera-
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“tor pedal below a certain vehicle speed can be inferpreted and calculated as part of the
driver’s style rating. In the event of kickdown, the shift maps of the driver’s style rating are
shut down by a prmnty command. The driver has the usual behavior of the car during kick-
down, generally a downshift, providing no other safety function is in-‘operation.

To prevent shift hunting, the self-learning functions are carried out over a long respectively
medium term adaptation with the adaptation timer rangmg from several seconds up to one
inute. The second part of the self-learning functicns is the driving condition détection, Thete
correlation between the input signals of the transmission control and. the driving condition,
One of the main disadyantages of a conventional electronic transmission control is the
upsiﬁ ng at constant vehicle speed by crossing the upshift characteristic with a reduction of
: al angle. This results in an unintended gear shift, especmlly when corner-

: mg and when appmachmg acrossing or an obstacle. To preyent these gedr shifts itis possible
to use so-called upshift prevention. Cornering can be detected by the acceleration of the car
- along the driving direction related to the vehicle speed. The vehicle:speed is. calculated from
the transmission output speed. The acceleration can be detected by an acceleration sensor or
by the difference between the nondriven wheel speeds. In this way it is possible to prevent the

: upshlft when. cornering, resultmg in a considerable im provement in vehicle stability.

- The detection of a crossing or obstacle approach is possible by the detection of & fast off
condmon of the accelerator pedal At accriam gradient of the pedal position, the upshift is

o BEC lly when overtaking low-SPeed vehicles,
l_ilft delay

eration of the car. Down 11 dnvmg can be detected bya companson of throttle posmon and
, Ve}ucle speed gradient. An upslnft is prevented and, in some spec1a1 cases, a.downshift is acti-

Value of a combmatlon of ,__,wen whcel torque and vehlcle
r e,xamp}le‘

gf
driven wheels is compa:n:ed
speed. When exceeding a set limi t of wheel slip, a special shift strategy is chosen. F
‘the vehiclé starts off in second gear or an upstht takes place at lower engine spceds
“The development of adaptive shift strategies started a few years ago and is currently one of
the main areas in electr, fie transmlssmn velopment The eff1c1ency of the self- learnmg func-
tions has led to a wide acceptance of AT-equipped vehicles. The future. development cancernmg.
new: adaptwe functions and an improvement of the already known functions is an important
;areain:control development .This'can be sup rted by anincreasing share of eléctronic units and’
interfaces for the communication between units, With multiple use of sensors providing the nec-
“essary input mgnals the total system pains increased functionality; especially with bus systems:
At present,an mcreasmg share of manual programs with an AT can be reglstrated The driver
instructs the AT to shift via a switch or a plish button. In this manner, the driver can operate the
AT like a'manual. gearbox mdependently wer shift maps, with only the safety functions in
operation; This has led to a broad acceptance, espemally i the sports car market, These func-
tions can all be calibrated and applied by the car manufacturer with data relating to his philos-
‘ophy-and to the target market. The result is the prevention of the known disadvantages of the:
- conventional AT control without cancelmg the advantages in drivi ng comfort and safety.

13.4 COMMUNICATIONS WITH OTHER ELECTRONIC
CONTROL UNITS

“With the ex1stence of electronic ¢ontrol units for various apphcahons in vehicles, many Oppor-
tunities exist to link these ECUs and to establish communications between them, The main pard-
“ner of the TCU is the engme rnanagement system Due to the coiipling of engine and
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transmission within the vehicle powettrain, it is necessary to have an. interface between these
ECUs for a functional coupling and ar. interchange of signals. Ttis essential for the pressure con--

trol inside the transmission control to sensor the engine load, the: engine speed, and the throttle
position. The engine torque reduction during shifting is ‘also important to- establish a good shift
comfort and asatisfactory lifetime for the clutches By handmg over certain signals like position.
lever state, lockup condition, or: shift commandstothe engine management, the driving comfort
of the'vehicle can be improved significantly. An inferface to ABS and traction control is useful
for some self-learning functions in the transmission control when using the wheel speeds

It is possible to 1rnplement certain shift strategie the transmission controlas an active
support for ABS and traction control. A lmk to the eI ectronic throitle control or ¢ruise con-
it possible fo optimize certain functions for the total vehlcle,By interfaces between
: Js; 4 reduction of the sensor expense results by a multiple use via communications.
Suitable Imks mclude espemally, PWM or bus conflguratlons for trouble-free: communication
Bus systems in pamcular have the advantage of the link- -up dditional ECUs without
changing their existing hardware.- Additional coupling requires only a software change. The
interchange of required supplementary signals for. new functionsispossible without any prob-
lems. An example of powertrain management by pling the powertram ECUs to achieve
lower fuel consumptlorr, simultaneously i nnprovmg the driveability,is described as follows:

13 5 OPTIMIZATION OF THE DRIVE TRAIN

may select an economy Or even super-economy Sh];f‘t strategy whene er poss1ble There is,
however, still more potential for fuel econom j i

accelerator: pedal posifion as an 4c
forwheel torque; has to be conv,

The: newest generatlon of transmission controllers has overcome the former: disadvantage
regarding fuel efficiency: Adaptive functions in cooperation with carefully designed torque
converter clutch control,® which allows the clutch. to be closed even at low: gears, have
improved fuel consumpuon gnificantly. Based on the driver’s behavior, together with an
adaptive shift strategy as previously ¢ described, partof the TCU’s adaptwe ‘program:software

The concept called Mastershﬁ‘tm is shown m Flgr

tle and low.rpm values. In order to realize vthlé_ is nééesséry' to, 'use anbelectromc‘throttle cbn—r
trol systeny, The communication between the electronic throttle, the engme, afid transmission

is shown in Fig, 13.12.

Mastershift, concept for drivetrain optimization-

} Bestfuel economy with excellent
e dnvmg dynamic:

: ‘ | nterpretai!Qn of gas pedal posmon
== asacceleration request

¥ - Operation of engine at high torqte
{open throttle)-and low speed

ﬁieqwremenl } Information exchange between

: -electronic throttls cortrol
:electronlc transmission control:and’
slectrariiczengine control

FIGURE 13.11: Drivetrain-operation.
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Mastershlﬁ logical struc ture

FIGURE 13. 12 Mast 3 IOgical,—,strﬁcm‘réaii»d ‘céﬁuﬁhnibariqn_?béh&EEH,différeut Con-
‘trol systems, S o '

.. Insuch a systcm a well-defmed coordmatlon between the engme torq a’mamly given by
throttle position (air mass), fuel mass, and ignition angle on one side and selectlon of the
approprlate gear mcludlng torque converter clutch on the oth
ing on the type of engine, fuel consumption ¢an be reduced furth ,
optimized Mastershift conccpt Because the average engine operation is at higher torque lev-
els compared to standard systems, a greater number of gear shifts may occur. This is important
to guarantee optimal shift comfort. Flgure 13.13 shows how that can be accomplished by using
the additional degree of freedom given: by the electronic throttle control. It is possible to
operate the throttle angle during the gear shift in such a way as to achleve constant wheel :
torque before and after downshifts.

13 6 FUTUHE DE TELVOPME‘ TS

In future years, dcvelopmcﬁt work will be: concentrated on redemgn of hardware components for:
cost reduction, improvement of yield to reduce fuel consumption,‘and improvement of drive-
ability. A gocd approach to meet cost targets on the electronic hardware side would be to inte:
grate twoor more individual control imodules into'a common housing; Regardmg the electronic
components;one could continue using twoseparate microcontrollers This would have the adyan-
tage that the software development and application could be done individually for two different
systems; for example engine and transmission controllers. Another ay proachvcould be to mount
the TCU on the transmission housing itself: This could lead to a significant reduction in the
expense for the wiring harness. Here, however, the problem of hostile ambient temperatures on
electronic components has to be solved. Today’s stand-alone actuators could be: mtegrated into a
common housing similar to the solution shown by Chrysler Corp, in its A 604 transmission.

" The, 1mpr0vement ‘of the yield is a main topic for designers of ATs. Oil ; pumps and torque
converters are a major source of energy losses. A significant improyement of yield will be pos-
sible as soon as torque converter clutches are available with the capability for continuous. sllp
operation. The torque converter clutch can then be operated in low gears and at low engine
speeds without facing problems from drivetrain oscillations and/or nicise emission.

The driveability is the most important feature for the drivers’ acceptance of ATs. In addl-:
tion to the self-adaptive: functmns described, the: 1mplementat10n of shift strategies beneﬁtxng
from control algonthms using fuzzy theory may further improve drweablhty '
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Tractlon transrtlon durmg downshlft

convenuona! i ‘ Masfershlft
T E R A
= 2
S| %‘"ﬁ 9
= =

Engine forque —— Engme torque —

‘FIGURE 13,13 .Constant traction torque by operation-of vtprot',t]:e opening during gear shifl:

GLOSSARY

ASIC  Application-specific infegrated circuit.
AT Automatic transmission. "
ATF Automatic transmission fluid.
CAN Controller area network.
CVT Continuously variable transmission,
EEPROM Electrically erasable and programmable read-only memory.-
EMC Electromagnetic compatibility, | |
; EPROM Erasable programmable. read only memory
- PWM. - Pulse-width modulatton ‘
_ RAM Random access memory
RFI Radm frequency interference. -
'TCC - Torque converter clutch.

TCU Transmission control unit,

REFERENCES L e

1: ‘F.Kucukay and Lorenz, K., “Das neue Flinfgang-Automatikgetriebe fiir V&-Motoren in der 7er Bau:
reihe vou BMW," ATZ Automobzl(echmsche Zeitschrift 94, Heft 718, 1992,

2. K. Neuffer, “Recent developme.nt of AT-control adaptive f functmns and actuators,” Symposium No.
9313, Advanced Technologies in Automotive: Prc:pulszon Systerm; Society of Automotive. Engmeers of

Japan Inc., 1993, pp. 42-49.

1724



3.

4,

ﬁs

8,
9.

-10.

Bl

; TRANSMISSION CONTROL.  13.2%

J. G Eleftherakis and Khalil, A., “Development « ofa Iaboratory test conlaxtunantfor transmissions™

SAE Papet 90.0561 Soclety of Autometive Engineers, Wartendale, Pa,

B, Aldeteld,“Numerical calculation of electromagnetic actuators,” Archiv fiir Elektrotecknlk Bd. 61,
1979, pp. 347-352

K Hasuuaka, Takagi, K., and Sir ji,W
sions " SAR. Paper 89 2000; 8o ety.of; Aulomotive Engineers, Warrendale, Pa,

P.€: Sen, “Prmcxplcs of electri¢ mactiines and power electronics,” J. Wiley, New: York 1989
“Method and Apparatus to Convert an Electrical Value into a Me(:hamcal Position by Usmg an Elec-.:

tromagpetic Element Subject toHysteresis.” us. Patent 4,577, 143 March 18,1986,

K. Neuifer, “Electronische- Getnebesteuerung yon. Bosch FATZ: Au;omobdfechngche Zeitschyift 94
Heft9,1992, pp. 442-449.

A Welter, ¢t al,, “Die Adaptive Getriegesteuerung fiir Automatlkgctnebe der BMW-. Fahrzeuge mit’

Zwolfzylmdﬁnnotor,” ATZ Automobzltechmsche Zeltivcf‘nf* 04, _1992 pp 428-436;

H. M. Streib and R. L.eonhard, “Hierarchical control strategy
Congress London, 1992,

ABOUT THE AUTHORS

- Kurt NEUFFER i§ responsible at Robert Bosch GmbH for the development of electronic con-

 trol units for automatic transmissions and also for the developnient of actuators: He was edu:

: ’cated in-electronics engineering at the Umversuy of Stul'tgart and ho]ds aDr. Ing.in the field
- of basic semiconductor research: He has been in the ﬁeId of automotlve comp(ment develop—,
ment for 10 years,.

WOLFGANG BULLMER IS respOnSIble at:Bosch for systems and ‘sof ware development of elec-

tronic control units for automatic transmissions. He was educate

electronics engineeringat

the Unwemty of Stuttgari. He has been working in the area'of transmission confrol Initdevel-
opment for eight years, .

WERNER BREHM IS a Bosch section manager for the. desxgn Q
in‘electronically contr led automatic transmlsswns. He wa

mg

g léi'ed'tro'h)‘(dfaul'ic: actuators used
dncated in mechdnical enigineérs.
at the Umver&ty of Stuttgart and has worked ‘on:components: engmeermg for antnlock

1725

TR

A study on electro-hydraulic contrel for automatic transmis-

for powertram functxon," XXI v Ftszta .




CHAPTER 1’

Richard Valentine
Motorola Inc.

14 1 _CRUISE CONTROL SYSTEM

A vehicle speed control system can range from a snnple throttle latchmg deviceto a sophisti-
cated digital controller that constantly maintains a set speed under varying dnvmg conditions
The next generation of electronic speed control systems will probably still use a separate mod-
ule: (black box), the same as present»day systems but will share-data from the engine, ABS; and.
transmission control systems. Futuristic. cruise control systems that include radar sensors to:
measure the rate of closure to other vehicles and adjust the speed to miaintain a constant dis-
tance are possﬂale but need significant cost reductions for W1despread ptivate vehicle usage.

The objective of an automatic vehicle ‘eruise control is to sustain a steady speed under
varying road conditions; thus allowmg the vehicle operator to relax:from constant foot throt-
tle manipulation. In some cases, the cruise control system miay actually i mprove the vehicle’s
tuel efficiency value by limiting throttle. excursions to small steps. By using the: power and.
_speed of a microcontroller device and fuz7y logic software demgn an excellent eruise control.
system can be designed.

14.1,1 Functional Elements

The cruise control system is'a closed~loop speed control as shown in Fig, 14.1, The key input
signals are the driver’s speed setpoint and the vehicle’s actual speed. Other important mputs
are the faster-accel/slower-coast driver adjustments, resume; on/off, brake:switch, and engine
control messages. The key output signals are the throttle control servo actnator values: Addi:
fional output 51guals include cruise ON and service indicators, plus messages to the-ergine
and/or transmission control system and posmbly data for diagnostics,

14.1.2 Performance Expectations
The ideal cruise system features would include the following specifica’tions:

* Speed per:formance #).5 m/h control at less than 5 percent grade, and +1 m/h control or
vehicle limit over 5 percent grade.

e Reliability: Circuit designed to withstand ova:rvoltage transients; reverse voltages, and
power d1351panon of components kept to: mlmmum

141
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FIGURE 14.1 - Cruise control systém.

« Application: optzons By chdngmg EEPROM via a simple serial data interface or over the
MUZX network, the cruise software ‘can be upgraded and optimized for specific vehicle
types. ‘These provisions: allow forvarious sensors, Setvos, and speed ranges ’

 Driver adaptabzlzty

_control mo dule S footprmt

14.1.3 - Safety Considerations (Failsafe)

Several safety factors need to be considered for a vehicle speed' control-design. The most
basic is'a method dcmgned into the throttle control cireuit to insure a failsate-mode of oper+
ation in the-event that the microcontroller or actuator drivers should fail, This electronic fail~
safe circuit shuts off the control setvos so that the throttle linkage will be released when the:
‘brake switch or cruise off switch is activated, no matter the-condition of the MCU or servo
actuator control transmtors (ThlS assumes the actuators are mechanically in good shape and
‘will reledse.)

~ Other safety—re lated items include program code fo detect: abnormal operatmgcondmons
‘and preserving into memory the data points associated with the abnormal condition for later
diagnostics. Abnormal. conditions, for example, could be an intermittent vehicle speed sensor,
ot erratic driver switch sngnals A test could also be made during the initial ignition “key on
time” plus any time the cr liseé is activated to ‘verify the integrity of the cruise system;; with any
faults resulting in a warning indicator to the driver, Obviously; the most serious fault to avoid
s runaway acceleration. Continuous monitoring of the MCU and key control elements will
help minimize the potentlal for this type of fault.
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14.2 MICROCONTROLLER REQUIREMENTS FOR CRUISE

CONTROL _

The MCU for cruise control appli¢ations requires high functionality, The MCU would inchide
the following: .

» g precise internal timebase for the speed measurement calculahom
s A/D inputs

» PWM outputs

= timer input capture

= timer output compares

» serial data port (MUX port)
« internal watchdog N

» EEPROM

s I'o‘w-;powei CMOS technology

14.2.1 'Input Signals

‘The speed sensor is one of the most critical parts in the system, because the mlcrocontroller:

calculates the vehicle speed from the speed sensor’s signal to within % m/h. Any speedometer
cable whip or oscillation cam cause errors to be introduced into the speed calculation. An
averaging routine in the speed calculations can minimize this effect. The specdometer sensor

drives the microcontroller’s timer input capture line or the external interrupt line. The MCU
‘then calculates the vehicle’s: ‘speed from the frequency of the sensor signals and the MCU

internal timebase. ‘The vehicle’s speed value is continually updated and stored into RAM for
use by the basic speed control program Speed sensors traditionally have been a simple ac
generator located in the transmission or speedometer cable. The ac generator produces an ac
voltage waveform with its frequency proportional to the sensor’s rpm and vehicle speed. Opti-
cal sensors in the speedometer head can also be mcorporated Usua]ly the speed sensor pro-
duces a number of pulses or cycles per km or mile, With the increasing ABS system usage; a:
backup speed sensor value could be obtained from the ABS wheel speed sensors. The ABS:
speed data could be obtained by way of a MUX network. .

“The user command switch signals could either be single MCU input lines to each swuch,
contact or a more complex analog resistor divider lype toran A/D mput line, Other input sig-
nals of interest to the cruise system program would be throttle position, transmission or clutch
status, A/C status, actuator diagnostics, engine status, etc., which could be obtained over the
MUX data network

14.2.2 Program Flow

The mlcrocontroller s programred to measure the rate of vehicle: speed. and niote how much,
and in which direction, the vehicle speed is drifting. The standard PI (propomonal-integral)
method produces-one output signal p that is proportional to the-difference between the set-
speed and actual vehicle speed (the error value) by a proportional gain block Kp. Another sig-
nal {is gener ated that ramps tip or down at a rate set by the error signal magnitude. The gains

‘of both Ki and Kp are chosen to provids a quick response, but with little instability. In effect,

the PT. system adds up the error rate over time, and, therefore, if an underspeed condition
ocelirs as in a Tong uphill grade, the error signal will begin to greatly increase to try to com-

‘pensate. Under level driving conditions, the integral control block Ki wﬂl tend toward zefo
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:FIG'URE 14,2 'Plspeederror control,

becatise there is less Error over time, ‘The vehicle’s welght engine performiance, and rolllng
‘tesistance all factorin to determme the PI gain constants.In summary, the PI method allows
fast response to abrupt grades or ;ountalns and stable operation under light grades or hills.
F1gure 14.2 shows the trad1t10naI Plcruise control diagrant.:

14.23 Output Controls:

When the error signal has been computed,an output s1gnal to'the setvo actuators is generated :
toi mcrease, hold,or decrease the throttle position. The servo is: updated atarate that is within
-the servo’s mechanical operating’ specifications, which could be several milliseconds. The error
51gnal can be computed ata much faster rate. and therefore, Bives extra. time for some aver-
“aging of the vehicle speed SENSor s1gnaL
_ Throttle positioning fradltlonally either a vacuum type servo or motor. The vacuum sup-
ply to'the vacuum servofactuator is dlscharged as a failsafe measure-whenever the brake sys-
tem is éngaged in addition fo the normal turn-off of the actuator driver coils, Electric servo -
jtype motors. requlre more: complex drive: electromcs and some type of mechanical failsafe

14 3 CRUISE 'CON TROL SOFTWARE

"Elig éruise érror calculatlon aIgor‘Thm can be des1gned around traditional math mod
‘as PI or-fuzzy loglc

14.31 Fuzzy Logic Examples:

Fuzzy logic allows somewhat easier implementation of the speed error calculanon because its

design syntax uses simple: linguistics, For example: IF speed difference negative and, small,
'THEN inctease throttle slightly:

‘The output is then adjusted to slightly increase the throttle. The throttle. position update -
rate’is determined by another fuzzy program which looks for the driver’s cruise performance_
request (slow, medium, or fast reaction), the ‘application type (small, medium, or large engine.
size), and-other cruise: system factory preset parameters. Figure 14.3 shows one partof a fuzzy
logic design for compiitingnormal ’thrqttleposuwm Other parts'would compute theeffects of
other inputs, such as resume, driver habits; engine type, and the like.

‘Other program design requirements include verification that the input signals fall within
:expected boundanes For éxample, a ‘broken. or mtermlttent speed sensor could be detected.
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Vehlcle Speed to Selpomt Error

64 RULES!

iIF VohldaSpood Error NLarge'AND' Daacce! rate Large THEN Throﬁ!opon Large:Increase
IF VehiclsSpood Error NLarge'AND: Doaooel mt& Madlum ‘THEN Throttiepos Modum Increase

¢ Output Sign ) \ %
o Condifoning L4

JE VehicieSpesd Erfor NVsmall AND Deaccsl rate Vsmall THEN Throttidpos Smal Increass’
“sc_a_ling,'intaﬂace'contrbl; otc: N i

‘ IF VehicleSpeed Error PLargd ANdmlggtg l».arga,THEf\_l vv‘ifhmi’d'epos Large Decrease

CThrotﬁe Control Output
o - Thiottle Posifion Step Size

‘Large: Modldm : . Smak . ‘No Small Madium: . Liarge -
ér? Dacr . Décreass. Change ' Increase. lnciese Incraase.

oo+

FIGURE 143 Fuzzy speed éx;rdf_;prdgfaiﬁ flaw.

A heavily loaded vehicle with a small engine:may not be able to maintain a high setpoint
speed up a steep grade, and the criise control needs to be- disengaged to protect the engine
stained full- hrottle operamm under a heavy load. ThIS could be preset to occur 20
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?fa

driver forfuitously hits the cruise resume switch af this low speed, the ¢ruise control invokes a
near full-throttle action, and an accident is likely. A fuzzy design can limit the acceleration
upon resume umgmmple rules. such ag IF resume and big speed error, THEN increasé throt-
tle shghﬂy

14.3.2 Adaptive Programmih'g-

The resporisé time and pain of the criise system can bé ad;usted to match iadividnal drivers,
For example; some drivers may prefer to allow the vehicle to slow down somewhat when
- climbing a grade and then respond quickly to maintain a setspeed; other drivers s may. prefer a
constant speed at all times, while still other drivers nfay prefer a very slow responding crume
system to maximize fuel efficiency. The cruise:systen can be adapted either by 4 user sele |
switch (slow; medium, fast) or by analyzing the driver’s acccleratlon/deaccelelatlon habits
«during noncruise operation, Once these habits are analyzed, they can be grouped into the
thiee prewously mentioned categories. One drawback of a-to Ity automatic adaptive cruise
, 1 nrvariousdrivers with vastly different drwmg preferences operate the vehicle on
the same ip. The cruise system would have to be * retLamed” foreach driver,

144 _CRUISE CONTROL DESIGN o

Many of the required elements-@f a cruise control can be integrated into one: mngle»chlp MCU‘
device. For example, the actuator drivers can be designed in the MCU if their power require-:
ments are on the low side:

14.4.1 Automatic Cruise System

Figure 144 shows an experimental systémn design for a eruise |
tom 8 or 16-bit . single-chip MCU that iricorporates special high- -power output. driver elements -
and a bux[t—m voltage regulator

14.4.2 Safety Backup Examples
The, desagn of‘a cruise conlrol system should include many safeguards;’

o A testto determine: VCthlc': speed condmom or command mputs; that do not fall within the
normal-conditions for operation of the cruise control functior.

oA test to determiiie if the vehlcle speed has decreased below what the cruise routine can
COMP ensate for,.

= Speed setpoint minimums and maximums (30 km/h min to 125 km/h max, for’ example) are
checked and, if exceeded, will cause thecr u1se functlon to turn off.

« Speedometer cable failure is detected by checkmg for speed sensor electrical output pulses
over a 100-ms time period and, if these pulses are absent, the system is disengaged.

o Software prograni traps should also be scattered throughout the: program and, if memory.
: s, at the end of each program loop: These will catch an out-of-control program and:
xmtxate a vector restart.
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FIGURE 144 Automatic cruise control.

14:4.3 EMI and RFI Noise Problems

As with any electronic design, consideration. must be gwen to suppressing RFI (radio fre-
quency interference) from the circuit, besides minimizing effects of external EMI (electro-
.magnencmterferenca) and RFI tothe-circuit’s niormal operatlon. Itisnot uncommon that the
circuit must operate in RF fields up to 200 V/m intensity: This requues careful layout of the
module’s PCB (printed circnit board) and RF filters on all lines going in o out of the module.
‘The module case may even have to contain someé type of RF shielding. Minimizing gﬁnerated,
RFI from the cruise circuit can be accomplished by operating the MCU’s crystal oscillator at
a minimal power level (this is ‘controlled mostly by the MCU intemnal design), careful PCB
trace layout of the MCU oscillator area, metal shielding over the MCU, ground planes-on the
PCB under the MCU, and setting the actuator switching edge transition times to over 10:ms,
(See Chaps.27 and 28.) .

14 5 FUTURE CRUISE CONCEPTS

Several research prOJects are nnderway to-develop a crash avoidance system that could be
interconnected with a cruise system. The development of a low-cost distance sensor that can
measure up to a few hundred meters away with a tight focal point in all weather conditions.
is proving to be a challenge. When a practical vehicular distance sensor is available, the cruise
control can be programmed fo maintain either constant speed or constant distance to
another vehicle. Other methods of cruise control could include receiving a roadside signal
that gives an optimum speed value for the vehicle-when travelling within certain traffic con-
trol argas.
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1451 Road Conditions Integration with IVHS

The IVHS (Intelhgent Vehlcle-nghway System) network may be a more practical approach
to setting optimum cruise speed values for groups of vehicles. The IVHS can monitor road
‘conditions, local weather, etc,,and broadcast optimal speed data values for vchlcles in 1tq Zone:

(See Chap. 29, )

GLOSSARY

Analog input Sensors usually generate electrical signals that are chrectly praporuonal tothe
mechanism being sensed. The. s1gnal is, therefore; analog or'can vary from a minimum limit to
a maximum limit: Normally, ani 8-bit MCU A/D input using a 5-V reference, the analog input
resolution is 1 bit, which i is 1/256 of 5 V.or 0.0193 V..

Defuzzification The process of translatmg output grades to; analog output values.
Fuzzlficahon The process of translatmg an, alog input values to’ mput memberslup:; or labels.

. Fuzzy logrc Software demgn based upon a reasonmg medel rather than fixed mathematxcal
algorithms. A fuzzy loglc design allows the system engmeer to partlmpate in the software: desxgn
because the fuzzy language is lmcmsnc and built upon easy-to- comprchend fundamcntals ‘

Inference: engme The internal softwate program that produces output valuea through fuzzy
rules for given input values. The mfercnce process i mvolv:es three steps: fuszlcauon Tule eval-
‘uation, and defiizzification,

' Input memberships The input signal or sensor range is divided into degrees of ni:éﬁiBershlp,
ie. Jlow; medium, hlgh or cold, cool, comfortable; warm hot FEachof these membershlp labels
is’ ass1gned numerical values or grades.

Output membershlps The output signal is d1v1ded into-grades such as off, slow, medium, fast,
and full-on. Numerical va[ues are assngned to: each grade, Gradescan be: elth_ _i.gmgl,clon (onc

value) or Mandani (a range of values per grade)

Rule evaluatmn Output values are computed | per the. mput membershxps and theiir 1elat10n~
sth to the output: membershlps The number of rules is usually set by the total ‘umber of
input membershlps and the total number of output membeﬁhxps The rules: consist of TF
mputvarA 8%, AND mputvarB isy, THEN outvar e

jSeanuslbm MCU An MCU (ml(,rocontroller umt) that mcorporates normal MCU ele-
‘ments plus: user—spemﬁed penpheml devices such as hxgher—power port-outputs, specml timer:
‘units; ete. Mixed semiconductor: technologws, ‘such as: high-density CMOS (HCMOS) and
ﬁbipolar analog, are avallable in a semicustom MCU. Generally, HCMOS s limited to 10V,
whereas bipolar-analog is USable to 60V
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CHAPTER 22
ON- AND OFF-BOARD
DIAGNOSTICS

Wolfgang Bremer, Frieder Helntz, and Robert Hugel
Robert Bosch GmbH

22.1 WHY DIAGNOSTICS?

The desire for greater safety, driving comfort, and environmental compatibility is leading to a
rdpid increase in electronic control units and sensors in upper class, medium-sized, and com-
pact vehicles. Additional functions and their corresponding equipment in today’s cars create
a bewildering tangle of cables and confusing functional connections. As a result, it has become
more and more difficult to diagnose faults in such systems and to resolve them within a rea- - X
sonable period.

2.1.1 Diagnostics in the Past and Today

On-board diagnosis has been limited thus far to a few error displays and fault storage
achieved by relatively simple means. It has been left more or less to each manufacturer to
decide to what extent diagnosis would be carried out. D1agn0s1s always means the working
together of man and machine and consists essentially of three major components: registration
of the actual condition, knowledge of the vehicle and its nominal condition, and strategy—
how to find the smallest exchangeable deficient component by means of comblmng and com-
paring both the nomiinal and actual conditions. '

All three points are inseparably connected. Only the means to the end have changed over
time. The oldest and simplest method of diagnosis is that done with the help of our sense
organs, but the limits of this kind of diagnosis are obvious. In fact, the objective in the devel-
opment of diagnostic techniques is the exterision of human ab111t1es with the aid of diagnostic
tools in order to be able to measure more precisely and more directly, to compare more objec- i
tively, and to draw definite conclusions. |

The development of control techniques was essentially determined by the following items: ;
the development of automotive engineering; the structure of workshops—that is, essentially
the relation between the costs of labor and materials; and the development of electronics and
data processing.

For a long time, motor diagnosis was limited to ignition control and tumng In the 1960s,
new exhaust-gas measuring instruments for fuel injection adjustment were developed, but the
mechanic still had to make the diagnosis. In the 1980s, the introduction of electronics in the
vehicle was followed by a new generation of measuring instruments in the workshops. Not

221

1735



22.2

DISPLAYS AND INFORMATION SYSTEMS

FIGURE 22,1 Evolution of diagnostic test equipment.

only were separate measurements combined with comprehensive test procedures, but also the
information about the nominal condition of the vehicle was stored in a data memory 1A view
of the development is shown in Fig. 22.1.

As more and more electronic systems were added to cars, the more difficult it became to
determine the actual condition in case of a defect. Soon a multitude of connecting cables and
adapters were required to reach the necessary measuring points. Moreover there was an
increasing amount of information needed to make an effective diagnosis. In the majority of
workshops, diagnosis is carried out as shown in Fig. 22.2. The most important test points of

FIGURE 22.2 Present-day diagnostic connector installation in a vehicle.
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control units and sensors are tied to a diagnostic connector which is plugged into the measur-
ing instrument with a corresponding adapter for the respective vehicle. Because of the per-
manently increasing amount of electronic functions, it is necessary to develop connectors with
more and more contacts. It is evident that this method soon will become too uriwieldy.
Modern electronics in vehicles support diagnosis by comparing the registered actual val-
ues with the internally stored nominal values with the help of control units and their self-diag-
nosis, thus detecting faults, By interconnecting the measuring instruments, a detailed survey of
the entire condition of the vehicle is available and an intelligent on-board diagnostic system
is able to carry out a more precise and more definite localization of the defect.*With the help :
of an interconnection and standardization of the interface leading to the external tester, the l
1

many different complex and expensive adapters have become superfluous. Modern diagnosis
will look like what is shown in Fig. 22.3.

FIGURE 22.3 Future diagnostic connector installation in a vehicle.

Instead of a multiplicity of adapters there is only a single standardized interface, provided
by the diagnostic processor. By means of interconnection, the diagnostic processor is provided
with all available data and the condition of the vehicle is known. With the help of the diag-
nostic processor, the external measuring instrument has access to the measuring arid diagnos-
tic values of the sensors and is able to directly reach the actuator for measuring purposes.®

Such a diagnosis also demands a certain change in the functional structure of a vehicle.
Corresponding hierarchical models have already been presented.*

Reasons for Diagnostics in Vehicles

‘Which are the most important reasons for diagnostics as demanded and desired in today’s
vehicles?

Existing Diagnostic Problems. A number of diagnostic problems must be resolved:

* Early diagnostic information was related only to single components and control units. In
case of a defective comprehensive system, every unit, component, sensor, and connecting
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cable of the system had to be tested and controlled. This was a very time consuming and
expensive process.

Because of the singlé component and control unit checks, it was impossible to analyze all
the additional data correlated with a particular defect.

« In the case of a defect in single sensors or units, the car was often inoperable. Taking into
consideration all available information about the vehicle, it is possible to use alternative
parameters and procedures in order to achieve at least a so-called limp-home function and
sometimes continue the use of the vehicle under only slightly limited operating conditipns.

« Usually there was only a global error display with an often ambiguous warning light avail-
able for the driver. Drivers desire more detailed information and especially guidelines for
what procedures should be followed.

+ The multitude of adapter cables, plugs, diagnostic equipment, and communication inter-
faces in a workshop has become so complex that the effectiveness decreased dramatically,
with the repair costs inicreasing disproportionally.

New Legal Proposals. Worldwide new legal proposals and governmental regulations [e.g.,
California Air Resources Board (CARB), On Board Diagnostics II (OBDII), Environmental
Protection Agericy (EPA)] are forcing manufacturers and subcontractors to seek more prof-
itable, effective, and convincing diagnosis of vehicles.

Serial Data Networks. New serial data networks for the connection of control units and
vehicle body components, installed in the vehicle, offer the possibility of absolutely new opti- 4
mum approaches and even anticipate maintenarice and diagnosis up to the introduction of -3
autodidactic data processing systems and external data bases.>%"* é

International Initiatives for Standardization. Initiated by legislative and governmental
demands for better diagnostics in the area of emission control, initiatives for standardization
in the entire diagnostic field in vehicles were launched during recent years to achieve world
wide standardization of tools, interfaces, connectors, and protocols.

22.1.3 Diagnostic Tasks in Vehicles

In order to minimize the number of defects or even to completely avoid them, a vehicl
requires regular checks. In case of an inevitable defect, a clear and directed diagnosis i
required and has to be followed by a prompt, reliable, and inexpensive repair. Therefor
appropriate diagnostic systems are being developed conmdenng the following targets: su'npll
fication of maintenance, fauit indication in time, guidelines for the driver in case of a defect
and safer and faster repairs with the help of a specific fault indication.

In addition to technical considerations, environmental aspécts are now being taken int
consideration as reflected in the diagnostic concepts. In the future, only. perfect systems will
be accepted, in order to keep environmental pollution to a minimum. It is understandab
therefore, that legislators insist on increased monitoring standards, particularly for exhat
related components.

As an example of the new monitorinig standards, consider the requirements of C
and EPA in the United States and the resulting consequences for dlagnoms At the mom

the extent of such a detailed monitoring has to be a compromise between the difft
requirements and the possible technical and economical solutions, but the environms
aspécts will gain more and more jmportance. The increased amount of available data
certainly permit a considerably higher rate of in-depth fault localization and will also

clear fault identification without interactive outside intervention. Having knowledge 0
functional interrelationships and -access to all essential data, a picture of the defect ¢
created with the help of individual pieces of mformatmn The driver and the worksho'
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then be provided with-appropriate instructions. In this context, on-board expert systems are
being considered.

For an effective and successful diagnosis today and in the future the following tasks and
targets can be defined.

Fault Storage with Boundary Conditions. A very important aspect of modern diagnosis is
the clear and reliable analysis of the respective fault. During the self-diagnosis, it is absolutely
necessary to store not only the respective fault information but also all relevant marginal
parameters in the control unit, e.g., ambient temperature, velocity, engine speed, engine
knock, and so on. The additional data can be stored when a defect occurs as well as during
specified intervals around the moment of a defect. Such additional data is called “freeze
frame” data.’

Fault Localization. Mechanics must be able to locate a defective control unit quickly and
then determine which component of that control unit is at fault so that it can be replaced.

Data Correlation, Recognition of Imminent Faults. A large amount of data useful for the
analysis of a vehicle is now available and even more will be available in the future. These data
will have to be evaluated and compared with the help of modern data processing techniques,
including fuzzy logic, neural networks, autodidactic systems, and expert systems. These tech-
niques will not only enable the diagnosis of the actual condition of the vehicle but will also
determine future maintenance needs. As a result, the reliability and availability of a vehicle
will be increased and the possible consequences of a defect kept to a minimum. The driver can
also be forewarned about imminent problems and can then take appropriate steps before
starting on a trip.

Parameter Substitution. The breakdown of a sensor in modern diagnostic procedures is not
necessarily followed by a lack of the respective information. After having diagnosed a fault, the
diagnostic computer—with the aid of the available information—is often able to compute an
auxiliary parameter to replace the original one. As a result, either a limp-home condition is pos-
sible or else the nominal function can be assured but under slightly limited conditions Simple
-examples for such a calculated parameter are vehicle speed (considering the gear and the syn-
chronous speed, or the antilock braking information, or the data of the navigation system), motor
temperature (considering the outside temperature and the operating time), and the amount of
remaining fuel (considering the last actual fuel content and the calculated consumption).

Providing Guidelines. Asmentioned earlier, a diagnostic system has to provide clear infor-
mation to the driver in case of a defect. A global warning indication is not sufficient. The
driver needs to learn the extent of the defect and its consequences by appropriate text, graph-
ics, or synthetic voice. In addition, the driver needs to be told the steps that have to be taken
(e.g., “refill cooling water,” “minimum speed to the next service station, risk of engine break-
down,” “stop, brake system out of order”).1®

The diagnostic monitoring system can also be used, if there is no service station nearby, as
a substitutional off-board system. The defect is then localized by an interactive working
together of the indicating system and an appropriate input medium.

External Diagnostic Access. For off-board diagnosis, the diagnostic system of the vehicle
has to provide a standardized access to all relevant components, control units, and stored
information. This standardized access might also be used by the vehicle manufacturer, legisla-
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tor, application engineer, and the end-of-the-line programmer. The access itself has to be con-
trolled with the help of an appropriate mechanism to prevent possible abuse.™

Logbook Function. The control unit or the diagnostic computer of the vehicle is supposed
to store every repair that has been carried out in the format of a logbook. It should contain
the time and name of the workshop, every exchanged and newly installed element, every
inspection carried out, and so forth.

The more complex automobiles became, the greater the number of electronic systems and the
more difficult became the registration of the actual condition in case of a defect. To reach the
necessary measuring points, many connecting cables and adapters were required. In addition,
much data about the different systems and their working together was needed to allow a sys-
tem-specific diagnosis. Modern electronics with self-diagnosis supports the service mechanic
by registrating the actual values, comparing them with the nominal values, and diagnosing
faults that are stored for repair purposes. Actually, the internal functions are checked when-
ever an ECU is turned on.

First, the checksum of the program memory is checked together with its function and the
correct version. Then a read and write test of the RAM cells is performed. Special peripheral
elements (e.g., AD converters) are also checked within this test cycle. During the entire oper-
ating time of the vehicle, the ECUs are constantly supervising the sensors they are connected
to. With the help of an adequate interpretation of the hardware, controllers are able to deter-
mine whether a sensor has a short circuit to ground or battery voltage, or if a cable to the sen-
sor is interrupted. By comparing the measured values and the stored technical data, a
controller is able to determine whether the measured values exceed the limits, drift away, or
are still within the tolerable limits. The combination of information provided by other sensors
allows the monitoring for plausibleness of the measured values.

Sensors are tested similarly to the way actuators are monitored for short circuits or inter-
ruptions of cables. The check is carried out by measuring the electric current or reading the
diagnostic output of intelligent driver circuits. The function of an actuator under certain con-
ditions can be tested by powering the actuator and observing the corresponding reaction of
the system. If discrepancies to the nominal values are diagnosed, the information is stored in
an internal fault memory together with relevant outside parameters, e.g., the motor tempera- -
ture or the engine speed. Thus, defects that appear once or under certain conditions can b
diagnosed. If a fault occurs only once during several journeys, it is deleted. The fault memory
can be read later in the workshop and provides valuable information for the mechanic.

In case of a detected defective sensor, the measured values are replaced by nominal value:
or an alternative value is formed using the information of other sensors to provide at least
limp-home function. :

With the help of an appropriate interface, a tester can communicate with the ECUs, rea
the fault memory and the measured values, and send signals to the actuators. In order to b
able to use self-diagnosis as universally as possible, manufacturers aim at the standardizati
of the interface and the determination of appropriate protocols for data exchange. :

Another task of self-diagnosis is the indication of a defect to the driver. Faults are mostl;
indicated by one or more warning lights on the dashboard. Modern developments aim
more comprehensive information using displays for text and graphics, which provide priori
controlled information for the driver. Legal regulations concerning exhaust-gas gave ri
an essential extension of self diagnosis. The control units have to be able to contr
exhaust-relevant functions and components and to clearly indicate a defective function o
exceeding of the permissible exhaust limits. Some of the demanded functions require an €
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mous amount of additional iﬁstructions; therefore, the extent of self-diagnosis already reaches
up to 40 percent of the entire software of the control unit.

OFF-BOARD DIAGNOSTICS

The continual increase in the use of electronics within the broad range of different vehicles
represents one of the major challenges for customer service and workshop operations. Mod-
ern diagnosis and information systems must cope with this challenge and manufacturers of
test equipments must provide instruments that are flexible and easy to handle. Quick and reli-
able fault diagnosis in modern vehicles requires extensive technical knowledge, detailed vehi-
cle information, and up-to-date testing systems.

Due to the dlfferent demands of the service providers, there are many different test
equipments on the market. They can be subdivided into two main categories: handheld or
portable instruments and stationary equipments. Handheld instruments are commonly used
for the control of engine functions like ignition or fuel injection and the request of error
codes of the electronic control units (ECUs). Stationary test equipment, on the other hand,
covers the whole range of function and performance checks of the engine, gear, brakes, chas-
sis, and exhaust monitoring.

- Most of the common testers are used for the diagnosis of the engine. The Bosch MOT 250,
for example, offers the following functions:

* Engine speed by means of the top dead center (TDC) transmitter, cylmder 1 or terminal 1
signal

Ignition timing with TDC sensor or stroboscope

Dwell angle in percent, degrees, or dwell time

* On/off-ratio in percent

* Injection timing or other times measured at the valve or other suitable measuring points
.» Electric cylinder balance in absolute or relative terms

» Voltage to ground or ﬂoatmg potential mcludmg lambda-sensor voltages or dynamic volt-
age at terminal 1

* Current with two test adapters for maximum 20 A and 600 A
¢ Resistances from milliochms to megohms
» Temperature with oil-temperature sensor

For most variables, a maximum of four blocks of measured variables can be stored and
recalled one after the other. Twelve blocks can be stored for the cylinder balance function. A
digital storage oscilloscope records and stores up to 32 oscillograms of ignition voltages, alter-
nator ripple, and current or voltage transients in the electric or electronic systems. Two RS232
interfaces are provided for documentation purposes and data exchange.

For repair, service, and maintenance, many different manuals and microfiches are stored in
the workshops. It is a time-consuming task to collect all the necessary information, especially
when vehicles of different makes have to be repaired. To avoid unnecessary paper, informa-
tion and communication systems among workshop, dealer, and manufacturer are built up. The
corresponding manuals have to be standardized and distributed on electronic data processing
media, preferably on CD-ROMs.

Every garage or workshop, equipped with the appropriate data system (basically a tester
connected to a PC), will receive servicing aids and updates via telephone line or by periodic
receipt of updated CDs. A committee of the SAE is preparing rules for the standardization
of manuals. There are already published draft international standards (DIS) for terms and
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definitions (71930) used in the manuals, for diagnostic codes/messages (J2012), or electronic
access/service information (J2008) (see the following). Most of the available test equipment
is capable of storing operator manuals within its memory and offers menu-guided assis-
tance to the service personnel. Automatic vehicle and component identification by the
tester and the availability of corresponding data at the workbench eases troubleshooting
! and repairs.

22.4 LEGISLATION AND STANDARDIZATION

22.41 CARB,EPA, OBDII

The following is an abstract of the California Air Resource Board (CARB) Regulations for
On-Board-Diagnosis two(OBDII):

All 1994 and subsequent model-year passenger cars, light-duty trucks, and medium-
duty vehicles shall be equipped with a malfunction indicator light (MIL) located on the
instrument panel that will automatically inform the vehicle operator in the event of a
malfunction of any power train component which can affect emission and which pro-
vide input to, or receive output from, the on-board computer(s) or of the malfunction of
the on-board computer(s) itself The MIL shall not be used for any other purpose.

All11994 and subsequent model-year passenger cars, light-duty trucks, and medium-
duty vehicles required to have MIL pursuant to paragraph above shall also be equipped
with an on-board diagnostic system capable of identifying the likely area of the mal-
function by means of fault codes stored in the computer memory. These vehicles shall be
equipped with a standardized electrical connector to provide access to the stored fault
codes . .. Starting with model-year 1995, manufacturers of non-complying systems shall
be subject to fines pursuant to section 43016 of the California Health and Safety Code
for each deficiency identified, after-the second, in a vehicle model. For the third defi-
ciency and every deficiency thereafter identified in a vehicle model, the fines shall be in
the amount of $50 per deficiency per vehicle for non-compliance with any of the moni-
toring requirements . . .

Systems to Be Monitored

OBD II Functions. These include catalyst monitoring, misfire monitoring, evaporati
system monitoring, secondary air system monitoring, fuel systems monitoring, oxygen sensor
monitoring, exhaust-gas-recirculation (EGR) system monitoring, and comprehensive comp
nent monitoring.

Catalyst. Legal requirements (CARB excerpt): “The diagnostic system shall individually
monitor the front catalyst or catalysts which receive untreated engine out exhaust-gas f
malfunction. A catalyst is regarded as malfunctioning when the average hydrocarbon conv
sion efficiency falls between 50 and 60 percent.” :

Technical solution: In addition to the oxygen sensor upstream the catalyst, another sens
is mounted downstream.

A properly working catalyst shows a storage effect so that the oscillation of the lambg
controller appears damped at the downstream lambda probe. A worn-out catalyst has
reduced damping effect and the signals of up- and downstream sensors are equivalent.

The ratio of the signal amplitudes is a measure of the conversion efficiency. The electt
system that controls the fuel injection monitors these signals together with other rele
engine conditions to derive the catalyst efficiency.
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Misfire Detection. Legal requirements (CARB excerpt): “To avoid catalyst damage, the
diagnostic system shall monitor engine misfire and identify the specific cylinder experiencing
misfire.”

Technical solution: Misfire can be caused by worn-out spark plugs or defective electrical
wiring. Unburned fuel reaches the catalyst and may destroy it by overheating. Even the least
amount of misfire rates influences the emission and therefore single misfire events must be
detected.

The speed of the engine is measured very precisely. In case of misfire, the momentum,
which is normally produced by the combustion, is lacking. Thus abnormal variations of speed-
changes at steady state conditions may be considered as misfire. To distinguish clearly
between misfire and other malfunctions, complicated calculations have to be carried out.

If a certain percentage of misfires within 200 or 1000 revolutions is detected, a fault code is
stored in the control unit and the fault is indicated to the driver.

Oxygen Sensor. Legal requirements (CARB excerpt): “The diagnostic system shall mon-
itor the output voltage, the response rate, and any other parameter which can affect emission
and all fuel control oxygen sensors for malfunction.”

Technical solution: The control unit has a special input circuit for detectmg shorts or
breaks and monitors the switching frequency of the control loop.

By means of a second lambda probe behind the catalyst, it is possible to monitor the
lambda probe in front of the catalyst for its correct position. A lambda probe which is subject

- to an increased temperature for extensive periods may react slower on variations of the
air/fuel mixture, thus increasing the period of the lambda-probe regulation. The diagnostic
system of the control unit controls the regular frequency and indicates slow sensors to the
driver by means of a warning light.

Heated sensors are monitored for correct heater current and voltage by hardware means
within the control unit.

Evaporatzve System. Legal requirements (CARB excerpt): “The dlagnostlc system shall
control the air flow of the complete evaporative system. In addition, the diagnostic system
shall also monitor the complete evaporative system for the emission of HC vapor into the
atmosphere by performing a pressure or vacuum check of the complete evaporative system.
From time to time, manufactmers may occasionally turn off the evaporative purge system in
order to carry out a check.

Technical solution: At idle position, the canister purge valve is act1vated and the lambda
controller is monitored for its reaction. For leak detection of the evaporative system, the out-
put to the active carbon filter is shut off and the canister pressure is decreased to about —1.5
kPa. Then the complete system is turned off and the pressure within the canister is monitored
for variation with time. The pressure gradient, together with other parameters like the amount
of fuel, may indicate possible leaks.

Secondary Air System. Legal requirements: “Any vehicle equipped with any form of a
secondary air delivery system shall have the diagnostic system monitor the proper function-
ing of the secondary air delivery system and any air switching valve.”

Technical solution: The lambda controller is monitored for correlated deviations when the
secondary air flow is changed.

Fuel System. Legal requirements: “The dlagnostlc system shall monitor the fuel delivery
system for its ability to provide compliance with emission standards.”

Deviations. of the stochiometric ratio which last for a longer time are stored within the
adaptive mixture controller. If these values exceed defined limits, components of the fuel sys-
tem obviously do not correspond to the specification.

Exhaust-Gas Recirculation (EGR) System. Legal requirement: “The d]&g‘[lOSth system
shall monitor the EGR system on vehicles for low and high flow rate malfunctions.”

Technical solution: (1) At overrun, the fuel is cut off and the EGR valve is completely
opened. The flow of exhauist gas to the manifold raises the manifold pressure, which is
recorded and allows statements about the function of the EGR valve. (2) Another possibil-
ity is to control the increase of the manifold intake temperature when the EGR valve is

opened
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In a conclusion to the previously described OBD II requirements and technical solutions,
we can define the following four quality demands for electronic control units:

e Guarantee for exhaust-gas-relevant components with repair costs >$300 for seven years or
70,000 miles for all 1990 and subsequent model-year vehicles (CARB).

o Guarantee for exhaust-gas-relevant components with repair costs >$200 for eight years or
80,000 miles for all 1994 and subsequent model-year vehicles (EPA/Clean Air Act).

 Guarantee protocols in case of a reclamation rate of exhaust-gas-relevant components
higher than 1 percent (CARB).

» Recall of vehicles in case of a calculated reclamation rate of more than 20,000 ppm within a
period of five years/50,000 miles (CARB).

22.4.2 International Standardizations

Because of the manifold requirements on modern diagnostics, the national and international
standardization committees soon came to the conclusion that with the help of appropriate
and, if possible, international agreements about protocols, connectors, tools and auxiliaries,
the process of diagnosis can be standardized, thus reducing time and costs.

Figure 22.4 shows how, in a standardized graphic, control units and diagnostic tools are
connected and diagnostic data exchanged.

FIGURE 22.4 Standardized testing link according to the OSI model.

For data exchange, electronic systems are structured and described according to a sevel
layer model (OSI model, open system interconnection) developed by the ISO (Internation:
Standardization Organization). Every unit connected to a data network can be structu
with the help of this model—control units as well as diagnostic tools. '

The diagnostic services that the controller may use during the diagnostic process are re
ulated in the seventh layer. Diagnostic service means definite instructions, which actu
determined and standardized diagriostic procedures, e.g. “start diagnostic session,” “r
diagnostic trouble codes,” “read freeze frame data,” and so on. There are different sequen
of bits and bytes code for such instructions. On the hardware level (plugs, cables, poten
the sequences are finally transmitted from unit to unit. The ISO and the SAE (Societ

Automotive Engineers) developed corresponding standards in the area of service de
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TABLE 22.1 ISO Diagnostic Services

Diagnostic management

StartDiagnosticSession
StopDiagnosticSession

Security Access

TesterPresent

EcuReset

ReadEculdentification
DisableNormalMessageTransmission
EnableNormalMessageTransmission

Data transmission

ReadDataByLocalldentifier
ReadDataByGloballdentifier
ReadMemoryByAddress
WriteDataByLocalldentifier
WriteDataByGloballdentifier
WriteMemoryByAddress
SetDataRates
StopRepeatedDataTransmission

£ Input/output control

InputOutputControlByGloballdentifier
InputOutputControlByLocalldentifier

1Y Stored data transmission

3 ReadNumberOfDiagnosticTroubleCodes
| ReadDiagnosticTroubleCode

i ReadDiagnosticTrouble CodesByStatus
|

ReadStatusOfDiagnosticTroubleCodes
ReadFreezeFrameData
ClearDiagnosticInformation

Remote activation of routine

£ StartRoutineByLocalldentifier
- StartRoutineBy Address
StopRoutineByLocalldentifier
- StopRoutineByAddress
' RequestRoutineResultsByLocalldentifier
RequestRoutineResultsByAddress

Upload download

RequestDownload
RequestUpload
TransferData
RequestTransferExit

as well as in the area of communication. Table 22.1 shows the diagnostic services as proposed
by the ISO. :

Figure 22.5 presents the determined standards with some -essential technical details as
developed for the field of communication. )

Unfortunately the whole spectrum of available standards has become very complex and
difficult to use. The following explanations try to provide a unified system for the existing
standards in the area of diagnosis. :
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NRZ + Bit Stuffing
upto 1 MBPS

10/21/42/83 KBPS

Man/Enhanced Man  #
" upto 126 KBPS

010 8 Bytes

0to 7 Bytes

0to 28 Bytes

130 ps

1.2ms

850 us

positive Ack. Bit,
Error Flag

15 Bit CRC, Montmrlqg,

Frame&Code Check

positive Ack. Bytes

positive Ack, Bit

8 Bit CRC, Manitoring,
Frame&GCode Check,
Qui-of-Range Check

15 Bit CRC, Monftoring,
Frame&Code Check

Transmission Interrupt,
Error Signaling,
Fault Confinement

Transmission interrupt

Transmission Interrupt

Fault Confinement

In-Frame Response
6 Message Types

in-Frame Response

FIGURE 22.5 In-vehicle networks.

Figure 22.6 shows a general model for diagnostic concepts. The three main levels compre-
hensively describe the whole area of diagnostics. The three levels are hierarchically struc-
tured, closely linked together with flowing transition from one level to the other. Although
there are certain similarities between this model and the seven-layer model of the OSI, both
models do not correlate.

The upper level comprises the elements, which are essential for the user or generator of
diagnostic applications. The term “user” includes the driver, the legislator, the mechanic, and
the manufacturer. This upper level can be subdivided into three main fields of activities: user

FIGURE 22.6 Model for diagnostic concept.
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interface, strategy, and diagnostic data. Although presented as layers, these activities do not
correlate hierarchically, but each is associated with a service or group of services.

The “user interface” describes how information flows between the user and the diagnostic
service. This includes a functional description of scan tools, handheld testers, monitoring sys-
tems, and so on.

The term “strategies” stands for strategic details, which are essential for the diagnosis or
repair of a vehicle, including communication access, diagnostic data and information.

The term “diagnostic data” includes the data that are necessary for the diagnosis itself. The
details concerning parameters, trouble codes, and so on are described here.

The intermediate level describes the diagnostic services, defining a set of services and a set
of commands for general purpose, which allow the diagnosis of a vehicle. The set of com-
mands is supposed to cover the needs of users concerning repair and maintenance as
described by the strategies and diagnostic data.

The lowest level deals with the communication area. It describes every technical detail that
is necessary for communication and provides the information about how to start communica-
tion (initialization). It also specifies the appropriate Baud rate, the suitable protocol, and the
necessary hardware (connector, cable, and so on).

This model offers a general description of the essential fields of diagnostic interest and
allows the categorization of all ISO and SAE standardization activities in the three main lev-
els of the diagnostic concept model.

Figures 22.7 and 22.8 are presented in the same graphic form (three-level structure). They
provide a summary of the concrete standardization activities of the SAE and ISO. Figure 22.7
shows the existing standards or drafts of automotive diagnosis for general purpose.

The user interface for general purposes is undefined. The SAE J2186 (Data Link Security)
and the SAE J2008 (Electronic Access/Service Information) are strategic documents, though
most strategies are not standardized and diagnostic data is described in documents SAE
J2012 (Diagnostic Codes and Messages) and SAE J2190-2 (Parameters—in preparation).

On the level of diagnostic services, the standardization activities can be divided in two
fields called service definition and service implementation. The term “service definition”
describes a set of useful diagnostic services, which enable the user to run a diagnostic session

FIGURE 22.7 Realization for general automotive diagnosis.
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FIGURE 22.8 Realization for CARB and EPA requirements.

independently of the knowledge of any technical detail in the communication area as
described in the level below.

This set of diagnostic services for general purpose can now be mapped on different proto-
cols. Any bit representation of the different services can be built up. This is called service
implementation. At the moment, there are two implementations available, the SAE J2190
(Diagnostic Test Modes) and the KWP 2000 (ISO Draft: Keyword Protocol 2000). The lowest
level (the Communication level) shows the standardized details of communication such as the
data formats and the physical layers; e.g., the KWP 2000 uses the physical layer of ISO 9141
or ISO 9141-2, the SAE J2190 uses the SAE J1850 Class B network (ISO/DIS 11519-3). It is
shown that communication can also be built up with a CAN or a VAN network.

Figure 22.8 shows the standardization activities for the special requirements of the CARB*
and the EPA using the same three-level-concept. "

The user interface, a generic scan tool, is standardized within the SAE J1978, including th
SAE 12205 (Expanded Diagnostic Protocol) and the SAE J2201 (Universal Interface). Som
aspects of the diagnostic strategy are described in the SAE J2186 (Data Link Security), th
SAE 12008 (Electronic Access/Service Information), and some in the regulations, The diag

The level of diagnostic services defines one SAE J1979 standard—Diagnostic Test Mode:
This standard is a closely linked combination of a service definition and a service implemen:
tation (referring to the SAE as “modes”). '

In the field of communication, the possible networks are described in the SAE J185
(Class B Data Network) and the ISO 9141-2 (CARB Requirements for Interchange of Dj
tal Information).

A standard for the physical connector (SAE J1962) has also been developed. Figure 2
shows the status of diagnostic standards for trucks and buses and for passenger cars in Eur
and in the United States. It shows also a time schedule for the development of standards,
comparison of the communication and diagnostic services levels has already been realiz
The titles of the different SAE and ISO numbers are shown in Tables 22.2 and 22.3, where
ISO and SAE papers, relevant for diagnostics, are listed. Table 22.3 offers a detailed Lis
trucks and bus activities (J1939).
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FIGURE 22.9 Status of diagnostic standards.

22.5 FUTURE DIAGNOSTIC CONCEPTS

SRSy

As yet, most vehicle manufacturers have installed a diagnostic connector in the engine com-
partment in order to offer essential electric signals for diagnostic purposes. Due to the multi-
tude of different equipments and philosophies of car makers, the connectors have different
shapes and contact arrangements. Therefore, a workshop has to keep a lot of different expen-
sive cables and adaptors in store.

For future diagnostic systems, the connection between control unit and vehicle is supposed
to be realized with the help of a standardized connector. A connector for the legally
demanded exhaust-gas diagnosis was defined by an SAE draft (J1962), concerning form, con-
tact arrangement, and installation position. (Fig. 22.10)

With this connector and a so-called generic scan tool, anyone is able to read the fault-mem-
ory in regard to exhaust-gas-relevant defects. The interconnection of the control units allows
the access to the entire electronics of the vehicle.

The necessary protocols are partly defined and developed further in standardization com-
mittees of the ISO. At the moment, there are two actual standards available:

1. ISO 9141-2: Determination of the requirements on hardware and communication proto-
cols. The requirements on hardware are essentially determined by the maximum Baud rate
of data transfer and the maximum number of control units simultaneously connected with
the diagnostic cable.

Communication is started by means of a trigger address, and is followed by a synchro-
nization byte of the control unit(s), which is necessary for the automatic setting of the
Baud rate. The trigger address calls either a particular control unit or a function, that may
also address several control units.

After transmission of the synchronization byte, the control unit waits for the tester to
set the Baud rate, then sends two key-bytes that inform the tester about the suitable data
transfer protocol. The tester responds with the last inverted key-byte, in order to confirm

the correct receipt. The connection between tester and control unit is now established.
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TABLE 22,2 ISO and SAE Documents

18O 9141
ISO/DIS 9141-2

L ISO/DIS 11519-1
il ISO/DIS 115192

ISO/DIS 11519-3

ISO/DIS 11519-4
ISO/DIS 11898

ISO/WD 14229
ISO/WD 14230

" SAET 121311
SAE J 1583
SAE J 1587

SAE J 1699
SAE J 1708

; SAE T 1724

| SAE 7 1850

: SAE J 1930
SAR J1939/xx

' SAE T 1962
SAET1978
SAET1979
SAE J 2008
SAE 2012
SAE 72037
SAE J2054
SAE J2056/1

SAE J 20571

SAE 72106
SAET2112
SAET2178

SAE 12186
SAE J 2190
SAE J 2201
SAE J 2205
SAEJ 2216

dRA % RREERRRR "R RR RRR

CRRERR

Road Vehicles—Diagnostic Systern—Requirements for Interchange of Digital Information
Road Vehicles—Diagnostic Systern—Part 2: CARB Requirements for Interchange of Digital
- Information

Road Vehicles—ILow-Speed Serial Data Communication—Part 1: General Definitions

Road Vehicles—Low-Speed Serial Data Communication—Part 2: Low Speed Controller
Area Network (CAN)

Road Vehicles—Low-Speed Serial Data Communication—~Part 3: Vehicle Area Network
(VAN)

Road Vehicles—Low-Speed Serial Data Communication—Part 4: Class B Data Communica-
tion Network Interface (J1850)

Road Vehicles—Interchange of Digital Information—Controller Area Network (CAN) for
High-Speed Communication

Diagnostic Systerns—Diagnostic Services Specification

Diagnostic Systems—Keyword Protocol 2000 (3 parts: 1: Physical Layer, 2: Data Link Layer,
3: Implementation)

Glossary of Vehicle Networks for Multiplexing and Data Communications

Controller Area Network (CAN), An In-Vehicle Serial Communication Protocol

Joint SAE/TMC Electronic Data Interchange Between Microcomputer Systems in Heavy-
Duty Vehicle Applications

71850 Verification Test Procedures

Serial Data Communications Between Microcomputer Systems in Heavy-Duty Vehlclc
Application

Vehicle Electronic Identification (New Task Force)

Class B Data Communication Network Interface .

Electrical/Electronic Systems Diagnostic Terms, Definitions, Abreviations and Acronyms

Truck + Bus, Details next page

Diagnostic Connector

OBD 1I Scan Tool

E/E Diagnostic Test Modes

Electronic Access/Service Information

Diagnostic Trouble Code Definitions

Off-Board Diagnostic Message Formats

E/E Diagnostic Data Communications

Class C Application Requirement Considerations (Part 2: IR: Survey of Known Protocols,
Part 3: IR: Selection of Transmission Medija)

Class A Application/Definition (Part 3: IR: Class A Multiplexing Sensors, Part 4:IR: Class A
Multiplexing Architecture Strategies)

Token Slot Network for Automotive Control

Diagnostic Technician Questionnaire Summary

Class B Data Communication Network Messages (Part 1: Detailed Header Formats and
Physical Address Assignments, Part 2: Data Parameter Definitions, Part 3: Frame Ids for
Single Byte Forms of Headers, Part 4: Message Definition for Three Byte Headers)

E/E Data Link Security

Enhanced E/E Diagnostic Test Modes

Universal Interface for OBD II Scan Tool

Diagnostic Specific Functionality Protocol

Application of the Clean Air Act Amendment of 1990 (Sectlon 207, Paragraph M5)

RP = Recommended Practice, IR = Information Report

1750



ON- AND OFF-BOARD DIAGNOSTICS 22.17

TABLE 22,3 SAE Truck and Bus Documents

SAE I 1939

SAE J 1939/01
SAE J 1939/02
SAE T 1939/1x
SAE J 1939/11
SAE J1939/12
SAE J1939/13
SAE J 1939/14
SAE J1939/15
SAE J1939/21
SAE J 1939/3x
SAE J 1939/31
SAE J 1939/4x
SAE J 1939/5x
SAE J 1939/6x
SAE J 1939/7x
SAE J 1939/71
SAE J1939/72
SAE J 1939/73
SAE J 1939/81

.SAE J 1939/77

RP

Serial Control and Communication Vehicle Network (Class C)
Truck and Bus Control and Communication Vehicle Network (Class C)
Agricultural Equipment Control and Communication Network
Physical Layer, x refers to a specific version

Physical Layer, 250 kBaud, Twisted Shielded Pair

Physical Layer, 125 kBaud, Twisted Pair

Physical Layer, 250 kBaud, Twisted Pair with Ground

Physical Layer, 1 MBaud, Fiber Optic

Physical Layer, 50 kBaud, German Agricultural

CAN 29 Bit Identifier Data Link Layer

Network Layer, x refers to a specific version

Truck + Bus Network Layer

Transport Layer, x refers to a specific version

Session Layer, x refers to a specific version

Presentation Layer, x refers to a specific version

Application Layer, x refers to a specific version

Truck, Bus, Agricultural and Construction Equipment Application Layer
Virtual Terminal

Application Layer—Diagnostics

Network Management

Tractor-Trailer-Interface

Yoo fo o oo Kok
‘DODDDDO DY

PIN #{ Assignment

1 discretionary .

2 BUS + Line of SAE J1850
3 discretionary

4 Chassis Ground

5 Signal Ground -

6 | discretionary

7 K Line of ISO 9141-2

8 discretionary

9 discretionary

10 BUS - Line of SAE J1850
11 discretionary

12 discretionary

13 discretionary

14 discretionary

15 L Line of ISO 9141-2

16 Unswitched Vehicle Batiery Positive

Note: Asslgnmsnt of pins 1, 3, 6,8, 9, 11, 12,13, and 14
Is left to the discretion of the vehicle manufacturer

FIGURE 22.10 SAE J1962 diagnostic connector.
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2. Interface according to the SAE J1850 (Class B Data Communication Network Interface):
The SAE J1850 defines means and methods for serial data exchange for automotive appli-
cation at the physical and data link layer of the OSI model. It is used for networked sys-
tems and for diagnostic purposes.
Two implementations are characterized: pulse-width modulation (PWM) at 41.6 kbps
transmitted on twisted pair wires, and variable pulse-width modulation (VPM) at 10.4
| kbps, transmitted on a single wire.*

' A generic scan tool, as mentioned, therefore, has to handle the three different interfaces.
o A new protocol, Keyword 2000, is prepared by the ISO committees. It is supposed to com-
i bine the protocols that have been used up to now.

With the introduction of more and more diagnostic functions and networked systems in
1 the vehicle, the functional structure will be modified (Fig. 22.11).

FIGURE 22.11 Logical structure for future diagnosis.

A diagnostic processor on top of a hierarchical structure of functions has access to every
system via the network. It can request status information of the functions of the levels below,
or of the sensors and actuators, and Teceives warning messages if problems are detected by th
self-diagnosis of the different subsystems. The dlagnostxc Processor serves as a man-machiri
interface to the driver and as a gate to the outside. It is the only secure access to the entire sy§
tem of the vehicle.

GLOSSARY

CAN Controller Area Network (standardized protocol developed by Bosch for network
systems).

CARB California Air Resources Board.
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CD-ROM Compact disk read only memory, a data storage medium.

DIS Draft International Standard. ‘

ECU Electronic control unit.

EGR Exhaust;gas recirculation.

EPA Environmental Protection Agency.

Freeze frame Faults stored together with various related parameters.

HC Hydrocarbon.

ISO International Standardization Organization.

ISO 9141-2 Standardized profocol for data exchange between ECUs and testers,
Lambda controller Electronic system for controlling the air/fuel ratio.

Lambda sensoxr A sensor for air/fuel ratio (oxygen sensor).

MIL Malfunction indicator lamp (indicates emission-related faults to the driver).
OBDII On Board Diagnostics II.

Off-board diagnosis Diagnosis performed by means outside a vehicle.

On-board diagnosis Diagnosis performed by means within a vehicle.

OSI  Open System Interconnection. '

PC Personal computer.

PWM Pulse-width modulation.

RS 232 Standardized data link (hardware).

Scan tool Small tester that can be connected to the diagnostic connector to interrogate
emission-related fault codes.

SAE Society of Automotive Engineers.

TDC Top dead center.

Terminal 1 Connection to a signal related to ignition timing.

VAN Vehicle Area Network (French proposal for network protocol).
VPM Variable pulse-width modulation.
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1

UPSHIFT INDICATOR FOR MANUAL
TRANSMISSION

This invention relates to a shift indicator for a manual
transmission automobile designed to induce the operator to
shift at predetermined points.

BACKGROUND OF THE INVENTION

Shift indicators are commonly used on manual transmis-
sion vehicles to assist non-expert drivers in determining
when it is appropriate to shift the transmission to a higher
gear in order to maximize driving fuel economy. A system
calibrated such that absolute maximum fuel economy would
be obtained if a shift occurs at the point indicated by a shift
indicator may exhibit a noticeable sag in axle torque at the
shift and therefore result.in an unpleasant shift feel to the
operator. In such situations, operators quickly learn to ignore
the shift indicator thus rendering it ineffective for its
intended purpose of maximizing fuel economy. Fuel
economy figures required to be displayed on new vehicles
for sale in the United States are arrived at through a
customer usage weighting of the fuel economy obtained on
vehicles tested using the upshift indicator light and fuel
economy obtained without using the upshift indicator light.
It is therefore desirable to balance the pleasability of the shift
at the point indicated by the shift indicator with the fuel
economy benefits at that shift point since this will tend to
result in higher customer usage, higher actual fuel economy
and higher fuel efficiency ratings for a particular vehicle.

Conventional shift indicator calibration typically involves
setting manifold absolute pressure (MAP) thresholds at a
variety of speeds. Such a method can be time consuming and
result in non-optimal shift points. Additionally, as actual
engine torque changes due to spark retardation for control of
engine knock as may be practiced in the engine control, the
calibrated shift points based on MAP thresholds may no
longer be appropriate, thereby exacerbating the aforemen-
tioned axle torque sag thus leading to operator disregard of
the shift indicator and reduced fuel economy.

SUMMARY OF THE INVENTION

An objective of the present invention is therefore directed
toward an improved method of determining shift points and
indicating the same to a vehicle operator in order to maxi-
mize real driving fuel economy by balancing fuel economy
with maximum shift pleasability.

Another object of the invention is to adapt shift indication
for actual engine torque conditions.

A further object is to simplify the calibration of shift
indicator systems and allow for flexible indexing of the
system according to desired fuel economy versus perfor-
mance profiles.

The control of the present invention calculates a term
referred to as Upshift Torque Ratio (UTR) which represents
the ratio of predicted wheel torque in the next highest gear
to present wheel torque in the current gear. The UTR is
compared to a predetermined calibration threshold value to
determine if upshift indication is appropriate. The calibra-
tion threshold determines the characteristics and balance of
the shift in terms of fuel economy and performance. A
threshold value close to unity provides a shift point which
will achieve maximum fuel economy, while a threshold
value higher than unity will provide for increased perfor-
mance shifting.

30

40

55

2
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a motor vehicle manual transmission driv-
etrain, spark ignition internal combustion engine and com-
puter based engine control unit.

FIGS. 2-4, 5A and 5B are flow diagrams representative of
computer program instructions executed by the computer
based engine control unit of FIG. 1 in carrying out the
control of this invention.

DETAILED DESCRIPTION OF THE DRAWINGS

Referring to FIG. 1, the reference numeral 10 generally
designates a motor vehicle drivetrain comprising a spark
ignition internal combustion engine (engine) 12, engine
output shaft 18 and the combination of conventional manual
clutch, gearbox and final drive assembly (manual drivetrain)
16. Output shaft 22 drives the vehicle wheels (not shown)
for propelling the vehicle at a speed directly proportional to
its rotation.

A throttle 24 controls the ingestion of combustion air
through the engine intake manifold designated by the
numeral 26. Throttle 24 is positioned in a conventional
manper by an operator-manipulated accelerator pedal 28, as
indicated. An exhaust gas recirculation (EGR) actuator 30
additionally returns a controlled amount of exhaust gases to
the manifold 26 in accordance with an EGR control signal
on line 32. Engine fueling is controlled by a conventional
fuel injection apparatus generally designated by the refer-
ence numeral 34 in accordance with a fuel pulse width signal
on line 36.

The engine ignition function is carried out with a con-
ventional spark ignition system (not shown) which cooper-
ates with a conventional electronic spark timing (EST) unit
38 to initiate combustion in the various engine cylinders in
accordance with a spark timing signal on line 40. Spark
timing signals are generated by computer based engine
control unit 42 in a predetermined manner in accordance
with various operating parameters (including sensed engine
knock) of the drivetrain 10 in a manner well known to those
skilled in the art. Control unit 42 receives inputs required by
the present embodiment including manifold absolute pres-
sure (MAP) on line 46, engine speed (Ne) on line 50 and
output speed (No) on line 54. Knock sensing means Kn are
also shown providing signal input via line 56 to control unit
42. Control unit 42 indicates via line 60 the state of an
upshift indicator light or equivalent visual display such as is
found in conventional instrumentation in a motor vehicle.
Line 60 may provide a logic signal to a instrument cluster for
further processing or may drive a lamp directly via a power
driver in control unit 42. Control unit 42 may be mechanized
with a conventional state of the art microcomputer controller
including a central processing unit, memory and input-
output devices.

FIGS. 24, 5A ad 5B depict flow diagrams representative
of computer program instructions executed by the computer
based engine control unit 42 of FIG. 1 in carrying out the
upshift indication function of this invention. The flow dia-
gram of FIG. 2 represents an executive or main loop
program which initiates the operation of a number of sub-
routines for performing various engine control related tasks.
The flow diagrams of FIGS. 3-5 represent the subroutines
which are pertinent to the upshift indication function of this
invention.

Referring now more particularly to the main loop flow
diagram of FIG. 2, reference numeral 210 generally desig-
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nates a set of program instructions executed at the beginning
of each period of vehicle operation. The instructions initial-
ize various registers, timers, flags and variables stored in
control unit 42. After initialization at 210, the routine
proceeds to instruction block 220 and enables all software
timer and hardware interrupts for executing subroutines to
carry out various engine control functions. Step 230 is next
encountered and represents an interrupt wait loop together
with return line 231 wherein the control performs various
conventional background functions such as engine diagnos-
tic routines and reading and conditioning oxygen sensor
inputs while awaiting a timer or hardware interrupt to call
subroutines for performing various specific engine control
functions according to predetermined schedules or trigger-
ing events.

In the present preferred embodiment, a timer interrupt
(6.25 INT) occurs at 6.25 millisecond intervals and causes
the execution of the program steps shown in FIG. 3. Instruc-
tion block 310 is first executed for performing various
predetermined engine control functions appropriate for the
frequency of the 6.25 ms interval. Decision block 320 is next
executed to determine if a set of less frequently executed
instructions generally designated by numeral 321 is to be
executed. This may be caused to occur, for example, by well
known and practiced techniques such as the expiration of a
timer, requisite multiple passes through the 6.25 ms INT
routine or separate timer interrupt having priority to execute
and return control to the current 6.25 ms INT routine.
Decision block 320 indicates an exemplary frequency for
execution of instruction set 321 of every 12.5 ms which in
the present embodiment is caused to occur every second
pass through the 6.25 ms interrupt. If it is not time for
execution of instruction set 321, control passes to decision
block 330. Assuming it is time for execution of instruction
set 321, control unit 42 at instruction block 325 reads and
conditions the various input signals applied to lines 46-56,
and calculates various terms used in subsequent steps,
including spark retard, barometric pressure (BARO) and
percent exhaust gas recirculation (%EGR). Instruction block
327 next performs various predetermined engine control
functions appropriate for the frequency of the 12.5 ms
interval. Block 329 refers to the computation of the Upshift
Torque Ratio (UTR) which is set forth in detail in the flow
diagram of FIG. 4 as shown.

Decision block 330 is next executed to determine if a set
of even less frequently executed instructions generally des-
ignated by numeral 331 is to be executed. This may be
caused to occur in any appropriate manner similar to those
discussed for decision block 320 as are well known and
practiced in the art. Decision block 330 indicates a fre-
quency for execution of instruction set 331 of every 100 ms.
If it is not time for execution of instruction set 331, the 6.25
ms interrupt routine is complete and control returns to the
background routine of FIG. 2. Assuming it is time for
execution of instruction set 331, control unit 42 at instruc-
tion block 335 perform various predetermined engine con-
trol functions appropriate for the frequency of the 100 ms
interval. Block 337 refers to the execution of the shift light
logic routine which is set forth in detail in the flow diagrams
of FIGS. 5A and 5B as indicated. Finally, control unit 42
outputs a signal online 60 shown in FIG. 1 for indicating the
state of the upshift indicator light as well as various other
output signals for instrument cluster displays such as vehicle
speedometer, oil pressure and coolant temperature for
example.

Referring now to FIG. 4, a preferred routine for calculat-
ing the Upshift Torque Ratio (UTR CALCULATION) for

1764

30

60

65

4

use in upshift indication according to the present invention
is illustrated. The parenthetical designations (g) and (g+1)
where appended to variables as used herein designate cur-
rent gear and next highest gear values, respectively. Where
no parenthetical designations are used, current values are
referenced. A set of steps generally designated by numeral
410 is first executed to determine a current value of engine
torque. Upon entry of UTR CALCULATION, Block 411
calculates the current gear ratio “GR(g)” from current
engine speed “Ne(g)” and output speed “No” according to
the following expression:

GR(g)=Ne(g)/No

A check is made at decision block 412 to determine if the
calculated gear ratio matches a known gear ratio and, if no
match is recognized, passes processing to block 421 which
sets upshift torque ratio (UTR) to a default value of two in
the present embodiment and then exits the UTR CALCU-
LATION routine. THE DEFAULT VALUE IS essentially a
“don’t care” value that won’t be used for further processing
as will be seen in later discussion of FIG. 5A, decision block
522. GR(g) will match a given gear provided the manual
clutch is engaged and slip thereacross is minimal. Where the
clutch is disengaged, as may be the case where the operator
has initiated a shift, a gear match may not occur. If the gear
ratio matches a known gear, block 413 calculates the percent
torque loss “%TQLOSS” in the current gear due to the
current amount spark retard. The present embodiment
assumes spark retard is a controlled engine parameter used,
for example, to control engine knock in a manner known in
the art. Spark retard is preferably accounted for in this *
embodiment since it may have a significant effect on engine
torque, especially at low and moderate engine speeds where
both the incidence of engine knock is most prevalent and
more fuel efficient upshifting will typically occur. The
percent torque loss is determined through application of the
expression:

%TQLOSS(g)=SPKRET(g)/SPKRET(100% tgloss)

where SPKRET(g) is the current amount of spark retard and
SPKRET(100% tqloss)is the amount of spark retard needed
for 100% torque loss. Spark retard may be determined from
empirically determined calibration tables. Spark retard may
be a value adaptively derived as shown, for example, in U.S.
Pat. No. 5,090,382 issued Feb. 25, 1992 and assigned to
Saturn Corporation.

Engine volumetric efficiency “VE(g)” is next referenced
from a calibration table a function of engine speed Ne(g) and
MAP at block 415. Current engine torque “TQ(g)” is then
determined at block 417 according to the expression:

TQ(g)=[(MAP(g)*VE(g)* Ky EGR(g)-TfI*(TQLOSS)

where K is a calibration constant predetermined during fuel
metering and related to actual engine displacement, operat-
ing temperature, combustion efficiency, fuel/air energy con-
tent and the universal gas constant; EGR(g) is a gain
substantially corresponding to the complement of current
percent exhaust gas recirculation (1-%EGR); Tf is a torque
offset related to engine mechanical friction at current engine
speed and the term TQLOSS represents a gain substantially
corresponding to the complement of the percent torque loss
attributed to the current spark retard (1-%TQLOSS(g)).

A set of steps generally designated by the numeral 430 is
next executed for the purpose of calculating a predicted
value of engine torque available in the next higher gear at the
current output speed. Preferably, the predicted torque value
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corresponds to a maximum available torque (wide open
throttle) in the next higher gear which simplifies the asso-
ciated predicted torque calculation. The present embodiment
exemplifies caiculation of a predicted maximum engine
torque.

Block 431 first calculates a predicted engine speed in the
next higher gear Ne(g+1) based on current engine speed
Ne(g), the current gear ratio GR(g) and the gear ratio in the
next higher gear GR(g+1). It is an assumption at this step
that output speeds at current and next higher gears No(g),
No(g+1) would be substantially equivalent and therefore
predicted engine speed is a simple function of the current
engine speed, current gear ratio and next higher gear ratio in
accordance with the following relationship:

Ne(g+1)=Ne(g)*GR(g+1)/GR(g)

Predicted spark retard in the next higher gear SPKRET(g+
1) is caiculated at block 433 from predicted engine speed
Ne(g+1), BARO and any amount of adaptive spark retard
(ASR) such as may be appropriately applied according to,
‘for example, previously reference U.S. Pat. No. 5,090,382.
Since the maximum engine torque available in the next
higher gear is being determined, BARO is preferably used in
lieu of a predicted value of MAP since BARO substantially
represents a maximum torque condition. Alternatively, a
predicted value for MAP could be used.

Predicted percent torque loss in the next higher gear
“%TQLOSS(g+1)” due to predicted spark retard is calcu-
lated at block 435 according to the following relationship in
a manner similar to that provided at step 413:

%TQLOSS(g+1)=SPKRET(g+1)/SPKRET(100% tgloss)

where SPKRET(g+1) is the predicted amount of spark retard
(including any amount of adaptive spark retard) as calcu-
lated at block 433 and SPKRET(100% tqloss) is the amount
of spark retard needed for 100% torque loss.

Block 437 next references predicted volumetric efficiency
“VE(g+1)” in the next higher gear as a function of predicted
engine speed Ne(g+1) and BARO. Again, BARO is utilized
in lieu of a predicted MAP value since maximum engine
torque conditions are assumed. The final step in the set
designated 430 for calculating predicted engine torque in the
next higher gear is designated 439 and calculates predicted
engine torque “TQ(g+1)” according to the expression:

TQ(g+1)=[BARO*VE(g+1) *K)-TfI*(TQLOSS)

where K is the calibration constant previously disclosed with
regard to block 417; Tf is the torque offset related to engine
mechanical friction at the predicted engine speed Ne(g+1)
and the term TQLOSS represents a gain substantially cor-
responding to the complement of the percent torque loss
attributed to the predicted spark retard (1-%TQLOSS(g+
1)). It is here noted that BARO again is used in lieu of MAP
in the preceding expression. Consistent with the assumption
of maximum engine torque (wide open throttle), the percent
exhaust gas recirculation becomes zero in the present
embodiment. The gain attributed zero %EGR is therefore
unity in the present embodiment thereby accounting for the
absence of an explicit EGR gain term in the expression of
the predicted engine torque.

Finally, block 450 establishes the current and predicted
wheel torques as the product of respective engine torques
and corresponding gear ratios, and establishes the ratio of
predicted wheel torque to current wheel torque to establish
the UTR in accordance with the expression:

UTR=(TQ(g+1)*GR(g+1)/(TQ(g)*GR(g))
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In the present embodiment, of course, the UTR represents
the ratio of maximum predicted wheel torque to current
wheel torque. Thereafter, program control returns to deci-
sion block 330 illustrated in FIG. 3.

The UTR calculated provides a single dynamic parameter
derived from continuaily updated inputs having measurable
impact upon the wheel torque available in the current gear
and from predicted wheel torque available in the next higher
gear. Preferably, as illustrated in the present embodiment,
dynamic torque reducing influences such as exhaust gas
recirculation control and spark retard for engine knock
control are factored into the torque calculations to provide
for finely tuned torque estimations responsive to dynamic
driving conditions. It is contemplated that other factors
influencing engine torque, for example fuel composition in
variable fuel vehicles, may likewise be factored into the
expressions where appropriate.

A measure of the ratio of predicted wheel torque in the
next higher gear to current wheel torque in the present gear
(UTR) provides information for control of an upshift indi-
cator in a manner less complicated and more accurately
representative of dynamic driving conditions than conven-
tional MAP threshold techniques. Additionally, the present
invention utilizing UTR is suitable for customizing shift
point indications according to any desired fuel economy/
performance profile. When the UTR is less than one, the
vehicle will decelerate and possibly exhibit undesirable
driveline disturbance if an upshift is completed. With a UTR
substantially equal to one, the operator may need to increase
the throttle position in the next higher gear to maintain
speed. Moreover, a UTR near one indicates an upshift point
which will yield maximum fuel economy. As the UTR
increases beyond one, more performance oriented shifts to
the next higher gear are possible. Therefore, a calibration
threshold against which the UTR is compared will determine
the operation of an upshift indicator and corresponding shift
feel and economy at that indicated shift point. The calibra-
tion threshold can readily be chosen to match the desired
fuel economy/performance profile of the vehicle. The cali-
bration may be so chosen to maximize actual fuel economy
by indicating that an upshift is appropriate at a point where
the pleasability of the shift yields high operator usage at
relatively high levels of fuel economy.

Turning to FIG. 5, and exemplary flow chart is illustrated
for utilizing the UTR previously calculated for upshift
indication according to the invention. The SHIFT LIGHT
LOGIC routine of FIGS. 5A and 5B is executed at step 337
of the 6.25 ms interrupt routine set forth in FIG. 3 and
comprises a set of entry condition steps (blocks 511 through
525) designated generally by numeral 510 and a set of shift
threshold steps (531 through 533) designated generally by
numeral 530. The purpose of the SHIFT LIGHT LOGIC
routine is to establish the state of the shift light flag “SL
FLAG” which in turn controls the state of the shift light.
First, engine speed Ne is checked at block 511 to determine
if it exceeds a predetermined maximum allowable engine
speed threshold K1. If the threshold is exceeded then an
upshift is required regardless of the value of UTR and
control is therefore passed via line 560 to block 542 where
the shift light flag is set to one (SL FLAG=1). If the
threshold at block 511 is not exceeded, decision block 512
is encountered.

Decision block 512 performs a check of coolant tempera-
ture against a predetermined threshold K2. Where the
threshold is not exceeded, the engine has not attained a
predetermined operating temperature and control passes to
line 550 to bypass shift threshold steps 530. Where the
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coolant temperature threshold is satisfied, decision block
513 is next executed.

Decision block 513 determines if the output speed sensor
is operational. If the speed sensor is not operational, control
passes to line 550 to bypass shift threshold steps 530. An
operational output speed.sensor allows control to pass to
decision block 514 where a check is performed to determine
if the vehicle is at a standstill (No=0). Where the vehicle is
at rest, block 516 sets GEAR and OLDGEAR to the lowest
gear value of 1 representing first or starting gear; thereafter,
bypass of shift threshold steps 530 occurs via line 550. If the
vehicle is not at rest, decision block 515 is next encountered.

Throttle position “%T"” is checked at block 515 against a
closed position threshold K3. Closed throttle is indicative of
vehicle coast, a state of operation wherein the engine is not
imparting torque to the drive wheels and thus does not
necessitate an upshift. Closed throttle may also be indicative
of the operator purposefully using the drivetrain to deceler-
ate the vehicle. Therefore, where a closed throttle is
detected, contro]l bypasses the upshift threshold steps 530
and proceeds with execution of block 552. A non-closed-
throttle position is indicative of the engine imparting torque
to the drive wheels—operation which may benefit from a
gear upshift—and therefore control remains in the entry
condition steps 510 by executing block 522.

A check is performed at block 522 to determine if the
current calculated gear ratio GR(g) matches a known gear
ratio associated with a GEAR value (i.e. 1-5). As mentioned
in connection with step 412 in FIG. 4, an already initiated
shift may account for a no gear match condition. If no match
occurs control passes to decision block 526 thereby bypass-
ing the remaining entry condition steps 510 and any shift
threshold steps 530. Block 526 decides if the shift light is
active by checking SL FLAG and if so passes control to line
560 to maintain the current SL FLAG state as one. Where
block 526 decides that the shift light is inactive, control
passes to line 550 to likewise maintain the current SLFLAG
state as zero. Therefore, a no gear match condition maintains
the current state of SL FLAG and bypasses processing of
shift threshold steps 530. A gear match at block 522 passes
control to decision block 523.

The current matched gear is checked at block 523 to
determine if it is the highest gear available in which case no
upshift is possible. If GEAR is equal to the highest gear
available then upshift threshold steps 530 are bypassed via
line 550. If higher gears are available then processing
continues at step 524 with a check if the engine speed Ne
exceeds a predetermined threshold speed K4(GEAR) which
is a function of the current gear and represents a minimum
engine speed appropriate for upshift to the next gear. Where
the threshold engine speed is not exceeded, upshift threshold
steps 530 are bypassed via line 550. Where the threshold
engine speed has been satisfied, a final entry condition step
is performed at block 525 to determine if the current gear
status is steady state. If the current gear does not equal the
last gear (GEAR#OLDGEAR), then a steady state condition
is not present and line 550 is once again used to bypass
execution of the upshift threshold steps 530. A steady state
wherein the last known gear equals the current gear allows
processing to pass into the upshift threshold steps 530.

With the exception of throttle entry condition at block
515, any failed decision block in the entry condition steps
510 routes processing to block 551 which initializes a shift
light on counter “SLONTIM”. Block 552 is thereby next
encountered and initializes a shift light delay counter
“SLDLY” to a predetermined threshold value K7. Block 552
is alternatively encountered as a first step after failed throttle
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entry condition at block 515 thereby bypassing block 551
and corresponding reset on SLONTIM thereat. This is done
for the purpose of preventing continual resetting the timer
and cycling of the shift light during closed throttle engine
braking on a downbhill grade and also for preventing reset-
ting of the timer if closed throttle is momentarily encoun-
tered. The exact purpose and usage of SLONTIM and
SLDLY will be explained at a later point. Finally, it follows
that since an entry condition was not satisfied in steps 510,
the shift light flag is set to zero (SL FLAG=0) to thus
establish the shift light state as OFF.

Upshift threshold steps 530 are accessed at decision block
531 whereat a determination as to the shift light state is made
according to the status of SL FLAG. If the shift light is off
(SL FLAG=0) then the routine branches to the left and
executes block 533. Block 533 compares UTR to a first
predetermined torque ratio threshold K5 which if not
exceeded causes execution of block 553 thereby maintaining
the shift light flag at a value of zero. If the result of decision
block 533 is that UTR exceeds the threshold K5, then
processing passes to block 541. Returning to block 531, if
the shift light is on (SL FLAG=1) then block 532 is executed
to compare UTR to a second predetermined torque ratio
threshold K6. In the case where UTR is less than the
threshold K6, then block 553 is executed and sets the shift
light flag to zero. Alternatively, where UTR equals or
exceeds the threshold K6, decision block 541 is executed.
The preceding steps of upshift threshold steps 530 comprise
separate checks of UTR against one of two torque ratio
thresholds K5 or K6 wherein K5>K6, the threshold check
being determined according to the state of the SL FLAG. A
degree of hysteresis is thereby introduced to stabilize the
state of the SL FLAG and corresponding shift light state.

Decision block 541 is executed from either block 533 or
532 when it is appropriate according to the predetermined
torque thresholds for the SL FLAG to be set to one (SL
FLAG=1). Block 541 checks shift light delay counter
SLDLY for expiration, thereby introducing a delay into the
routine prior to setting the SL FLAG at block 542 according
to a predetermined number of passes through upshift thresh-
old steps 530 and on to block 541 without intervening failure
at any preceding entry condition step 511 though 525 to
minimize shift light busyness. Where the shift light delay
counter has not expired, it is decremented at block 543 and
passes control to block 553 thus setting the shift light flag to
zero (SL FLAG=0). An expired shift light delay counter as
determined at block 541 causes processing to proceed to
block 542 where the shift light flag is set to one (SL FLAG=
1). Thereafter execution of block 542, decision block 544 is
encountered and checks if the shift light on counter SLON-
TIM exceeds a predetermined threshold K8. Where the
threshold K8 is exceeded, the shift light flag is set to zero at
block 553 thereby limiting the indicator light on time to
prevent any annoyance continual illumination may cause to
operators who choose to ignore it. Where the threshold K8
has not been exceeded, the shift light on counter SLONTIM
is incremented at block 545. :

When SHIFT LIGHT LOGIC routine shown in FIG. §
returns control to block 339 in FIG. 3, the state of SL FLAG
is used to establish an output signal on line 60 of control unit
42 to cause illumination of a shift indicator light as previ-
ously described.

While the invention has been exemplified with respect to
a preferred embodiment as disclosed herein, it is contem-
plated that various modifications and alterations will be
apparent to one having ordinary skill in the art and therefore
the embodiment is intended to be taken by way of example
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and not limitation. Accordingly, the invention is intended to
embrace all alternatives, modifications and variations which
are within the scope of the appended claims.
The embodiments of the invention in which an exclusive
property or privilege is claimed are defined as follows:
1. In a motor vehicle having an engine and a manual
transmission for imparting torque to at least one wheel and
an upshift indication means for indicating a shift point by
prompting a vehicle operator to shift from a current gear to
a next higher gear, a method of shift point indication
comprising the steps of:
calculating a torque ratio of a predicted wheel torque in
accordance with the next higher gear to a present wheel
torque in accordance with the current gear;

comparing the torque ratio to a predetermined threshold;
and

outpuiting a signal when said torque ratio exceeds said
predetermined threshold to thereby indicate said shift
point.

2. A method of shift point indication according to claim 1
wherein said predicted wheel torque substantially corre-
sponds to a maximum wheel torque.

3. A method of shift point indication according to claim 1
wherein said predetermined threshold corresponds to a
torque ratio whereat a shift to the next higher gear will
maximize fuel economy.

4. In a motor vehicle having an engine and a manual
transmission for imparting torque to at least one wheel and
an upshift indication means for indicating a shift point by
prompting a vehicle operator to shift from a current gear to
a next high gear, a method of shift point indication com-
prising the steps of:
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calculating a current engine torque value in the current
gear in accordance with predetermined engine param-
.eters;

calculating a predicted engine torque value in the next
higher gear in accordance with said predetermined
engine parameters;

establishing a current wheel torque value from said cur-
rent engine torque value in the present gear and a gear
ratio corresponding thereto;

establishing a predicted wheel torque value from said
predicted engine torque value in the next higher gear
and the gear ratio corresponding thereto;

calculating a torque ratio of said predicted wheel torque to
said current wheel torque;

comparing said torque ratio to a predetermined threshold;

and

outputting a signal when said torque ratio exceeds said

predetermined threshold to thereby indicate said shift
point.

5. A method of shift point indication according to claim 4
wherein said predetermined engine parameters comprise
spark retard.

6. A method of shift point indication according to claim 4
wherein said predetermined engine parameters comprise
exhaust gas recirculation. )

7. A method of shift point indication according to claim
wherein-said predetermined engine parameters comprise
fuel composition.
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[571 ABSTRACT

A shift indication apparatus having an engine rotation
sensor, a throttle valve sensor, and a shift position sen-
sor, a microcomputer having a ROM and RAM for
storing data corresponding to the engine speed, throttle
valve openings, and the shift positions therein, and an
indicator for indicating preferable shift positions to be
performed by a driver in which a torque data map and
a fuel consumption rate data map have stored in the
ROM for calculating various torque and fuel consump-
tion rates so as to obtain preferable shift positions relat-
ing to optimum fuel consumption rate in accordance
with said data detected. With this construction, it be-
comes possible for a driver to run his car in accordance
with the indications of the shift operation on the indica-
tor so as to enable the economical running of the car to
be realized. .

12 Claims, 4 Drawing Figures
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OPTIMUM SHIFT POSITION INDICATION
USING SUCCESSIVE TWO-DIMENSIONAL DATA
MAPS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a shift indication unit
which can be used for an automotive vehicle having a
manual transmission and for indicating to a driver
change-speed operations to be performed relating to
preferable shift position with respect to optimum fuel
consumption, and a method of performing the optimum
speed change operation so as to reduce fuel cost.

2. Description of the Prior Art

Recently, the situation and circumstances surround-
ing supply of oils have deteriorated, and various re-
search and development activities have been made in

15

response in an attempt to improve efficient utilization of 20

energy in each technical field in industry. The situation
is the same in the autombile industry, where various
research and development for improving engines to
have better thermal efficiencies and for pursuing better
methods for performing effective combustion of fuel for
vehicles with less fuel consumption rate have been un-
dertaken. However, there is a problem that unless oper-
ations including acceleration operation and shift opera-
tion are included, it is not possible for driving operation
to sufficiently demonstrate the improved fuel consump-
tion performance thus reached.

SUMMARY OF THE INVENTION

It is therefore a main object of the present invention
to provide a shift indication apparatus which is capable
of performing optimum running with a good fuel con-
sumption rate by indicating to a driver preferable shift
positions for the optimum fuel consumption during the
running of the automotive vehicle.

It is another object of the present invention to pro-
vide a shift indication apparatus having a microcom-
puter including a speed change instruction indicator and
a ROM in which predetermined torque and fuel con-
sumption maps are stored so as to calculate and indicate
on the indicator preferable shift positions corresponding
to the optimum fuel consumption rate.

It is still another object of the present invention to
provide a speed change operation and indication unit
having a microcomputer comprising a ROM and a
RAM into which data corresponding to the current
engine speed and current shift position as well as throt-
tle valve opening are stored and expected torque and
fuel consumption rates are calculated from the data read
from the RAM together with the predetermined maps.

According to one feature of the present invention, the
shift indication apparatus is characterized in that the
unit comprises sensors for detecting the engine speed
and the opening of a throttle valve, means for calculat-
ing an expected or assumed fuel consumption rate in
order to generate the same driving horsepower as that
in the current car running conditions at a certain shift
position adjacent to the particular shift position of the
transmission at that time, means for comparing the cur-
rent fuel consumption rate with the assumed fuel con-
sumption rate so as to select a preferable shift position
with the optimum fuel consumption rate, and means for
indicating to the driver shift operation instructions to
the preferable shift position.
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These and other objects and advantages of the pres-
ent invention will become more apparent from the fol-
lowing detailed description with reference to the ac-
companying drawings. ‘

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an overall construction of one embodiment
of the shift indication apparatus according to the pres-
ent invention,

FIG. 2 is one example of the characteristic curves of
a torque data map stored in the ROM in the microcom-
puter in FIG. 1 and

FIG. 3 is one example of the characteristics of a fuel
consumption data map stored in the ROM in the mi-
crocomputer in FIG. 1.

FIG. 4 is a programmed flow chart of the speed
change operation indicating unit of FIG. 1 for the pur-
pose of explaining the operation of the unit according to
the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to FIG. 1, the shift indication apparatus
with a manual transmission according to the present
invention comprises an engine speed sensor 1 for detect-
ing the engine speed and for producing pulse signals of
a frequency proportional to the engine speed, a shift
position sensor 2 for detecting the shift positions of the
transmission, a throttle sensor 3 for detecting the open-
ing degree of the throttle valve by means of, for in-
stance, a potentiometer, an A/D converter 4 for.con-
verting analog signals from the throttle valve sensor 3
into digital signals, a microcomputer 5 for performing
various calculations in accordance with the different
signals from the sensors, and an indicator 10 for indicat-
ing the result of the calculations.

The microcomputer 5 further comprises an input-
/output port (I/O port) 6, a central processing unit
(CPU) 7, a read only memory (ROM) 8, and a random
access memory (RAM) 9. In the microcomputer §,
there is provided a bus BUS which communicates the
1/0 port 6 and the CPU 7, ROM 8, and RAM 9.

The engine speed sensor 1 is mounted in a distributor
(not shown) and the output of the sensor is connected to
the input of the I/O port 6 so as to transmit the output
pulses to the microcomputer § through the I/0 port 6
and to store the data corresponding to the engine speed
into the RAM 9. The output of the shift sensor 2 is
connected to the input of the I/0 port 6 so as to trans-
mit the output signals thereof to the microcomputer §
through the I/0 port 6 and to store the data from the
shift sensor 2 into the RAM 9. Similarly, the output of
the throttle sensor 3 is connected through the A/D
converter 4 to the input of the I/0 port 6 so as to trans-
mit the output signals thereof to the microcomputer §
through the A/D converter 4 and to store the data
corresponding to the throttle value opening into the
RAM 9 after converting from the analog signals into the
digital signals. The input of the indicator 10 is con-
nected to the output of the I/0 port 6 so as to indicate
each preferable shift position corresponding to the opti-
mum fuel consumption rate in accordance with various
parameters calculated. )

The indicator 10 includes a shift-up indicating lamp
10z and a shift-down indicating lamp 105.

The indicator 10 may be assembled by light emiting
diodes (LED) so as to perform shift-up and shift-down
indications by up and down directed arrow marks. Al-
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ternatively, the indicator:10 may also be replaced with
other voice combining circuit so as to announce: the
shift operations by voice instead of the indications.

Before explaining the operation of the apparatus ac-
cording to the present invention, reference must be
made to the torque data map shown in FIG..2 and the
fuel consumption rate data map shown in: FIG. 3. The
torque data map indicative of torque curves T as shown
in FIG. 2 has been stored in the ROM 8 in advance:. The
fuel consumption rate data map indicative of equal fuel
consumption rate curves B as shown in FIG. 3 has been
also stored in the ROM 8 in advance. In FIG. 2, each
equal torque curve: T was prepared by plotting ‘and
connecting: equal torque ‘points on the graph with re-
spect to the engine speed.vs. throttle valve opening. In
FIG. 3, each fuel consumption rate curve B was pre-
pared by plotting and connecting equal fuel consump-
tion rate points on a graph obtained in advance by ex-
periment data with respect to the engine speed and the
torques thus calculated.

In operation, the microcomputer 5 functions‘in such a
manner that it determines ‘ current ‘torque from : the
torque data map stored in the ROM 8 and other. data
corresponding to the engine speed detected by the sen-
sor 1 and throttle valve opening detected by the throttle
sensor 3, determines expected: fuel consumption rate
from the fuel consumption rate data map also stored in
the ROM 8 and the torque thus determined as well as
the .engine speed, and compares the fuel consumption
rate thus determined with an assumed fuel consumption
rate when speed change operation is performed from
the current shift position to the adjacent shift position in
accordance with a control program,: whereby: an in-
struction signal for changing suitable shift ‘position re-
lating: to optimum fuel: consumption rate:is generated
from the microcomputer and it is indicated on the indi-
cator 10.

The operation of the shift indication apparatus will
now be made with reference to the control program
flow chart shown in FIG. 4.
~First of all, the engine speed sensor 1 produces pulse
signals proportional to the engine speed during running
of the automotive vehicle and transmits these signals to
the microcomputer 5. In this case, as shown in FIG. 4,
the operation of a main routine is started at a predeter-
mined timing, e.g. periodical timing pulses from a timer
(not shown) and the detection of the engine speed N,
from the sensor 1 is carried out and it is stored into the
RAM 9 at the step 20. Then, the engine speed N, is read
from the RAM 9 and it is compared with a predeter-
mined number N (= 1000 rpm) to determine whether or
not the N, exceeds the value 1000 at the step 21. If the
result of the decision is YES, the next step 22 is exe-
cuted. That is, in the step 22, the reading in of the open-
ing of the throttle valve is performed through the throt-
tle sensor 3 and the A/D converter 4. In the above case,
if the result of the decision in step 21 is NO, the main
routine is terminated by determining that the shift oper-
ation is not necessary and the engine speed N, is read
again at the predetermined timing and now the opera-
tion returns to the step 20.

In the step 22, the throttle valve opening 6 is detected
by the throttle sensor 3 and is then stored in the RAM
9 after conversion from the analog signals into the digi-
tal signals through A/D converter 4. The next step 23,
i.e. the torque search step is executed. In this step, the
torque T.is determined from the torque curves T on the
torque data map as shown in FIG. 2 and which has been
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stored in the ROM 8 in the microcomputer 5, in accor-
dance with the detected data corresponding to the en-
gine speed N, and the throttle valve opening 6. In this
case; assuming that the engine speed N, is 3600 rpm and
the throttle valve! opening 6 is 30 degrees, the torque
value Te=11 kg-m is determined from the cross point
on the torque curve T in the torque data map.

Then in the next step 24, i.e. the torque determination

step is executed. In this step 24, a decision is made as to
whether or not the value of the torque T, thus calcu-
lated in'the step: 23 is:larger' than 0.05 kg'm, i.e. the
vehicle speed is in the middle of speed reduction or it is
close to the speed reduction. If the result of the decision
is YES, the next step, fuel consumption search step 25,
is executed, if the result of the the decision is NO; the '
operation of the main routine terminates. In the step 25,
the fuel consumption data is read from the equal fuel
consumption rate curves B on the fuel data map shown
in FIG. 3 which has been stored in the ROM 8 and fuel
consumption rate is searched from the calculated torque
T, and the engine speed Ne. ‘
' Namely, if the shift position is in the fourth speed, as
the torque Teis 11 kg-m and the engine speed is 3600
rpm, the point F4 is obtained on the fuel consumption
rate curves B in the fuel consumption rate data ‘map.
Since the point F4 is in the area of the fuel consumption
rate B.=300 g/psh to 350 g/psh, the fuel consumption
rate ‘of the fourth speed is determined as 300 g/psh to
350 g/psh in this case.

Then the next horsepower calculation step 26 is exe-
cuted. In this step 26, the horsepower P is calculated in
accordance with the following equation.

P=NgXT./716.2

P=driving power in ps
where

N.=the engine speed in rpm

Te=torque in kg-m

In the step 27, the detected data from the shift posi-
tion sensor 2 is stored in the RAM 9 in the microcom-
puter 5 through the I/0 port 6.

In the step 28, a neutral position decision is per-
formed. That is, the decision is made whether or not the
shift position stored in the step 27 is in the neutral posi-
tion, i.e. whether or not SP=0 is determined. If it is not
the neutral in this case, the step 29 for deciding the fifth
speed is executed. On the other hand, if the result of the
decision is neutral, the main routine operation is termi-
nated as it is not necessary to indicate the speed change
operation.

In the step 29, since the shift position SP is deter-
mined as the fifth speed or the upmost shift position, the
assumed processing for shifting up operations shown in
the steps 30 through 36 is skipped and now the opera-
tion moves to the calculating step for the number of
engine rotations at the time of the shifting down in the
step 37.

On the other hand, if the result of the decision in the
step 29 is such that the shift position SP is not at the fifth
speed, the next step 30 is executed. In this step 30, the
engine speed N, 1 is calculated in the case of one shift-
up. In this case, the equation for calculating the engine
speed Ney 1 is as follows;

Ne1=N¢X gear ratio of shift position SP ; 1/gear
ratio of shift position SP

1774
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where, each unit indicates: N, =rpm, N¢4 1= rpm, and
the gear ratio is a physical quantity which one of ordi-
nary skill understands is dictated by the physical em-
bodiment of the gears used (and which ratios are stored
as data for use with a particular embodiment).

After executing this step, the operation now moves to
the step 31 for deciding the engine speed N4 1. In this
step 31, a decision is made as to whether or not the
engine speed N+1 at the one step shifting up position
SP . 1is larger than 1000 rpm. In this case, if the result
of the decision is NO, the processing for the main rou-
tine is terminated as the shift operation is not necessary.
However, if the result of the decision is such that the
engine speed N, 1 is larger than 1000 rpm, the opera-
tion now moves to the next step 32. In this step 32, the
calculation of the torque Te.; 1 at the one step shifting up
position SP 4 is performed.

The calculation of the torque is performed in accor-
dance with the following equation.

Tet1=PXT16.2/Nes1

where, each unit indicated

Tet+1=kg/m

P=ps, and

Ney1=rpm.

And now the operation moves to the next step 33. In
this step 33, the assumed fuel consumption rate is
searched from the data map stored in the ROM 8 in the
microcomputer 5. Namely, one cross point is sought
from the engine speed N4 1 which was calculated in the
step 30 and the torque Te4 1 calculated in the step 32 on
the data map shown in FIG. 4. From the fuel consump-
tion rate indicated in the equal fuel consumption rate
curves B surrounding this point in the coordinate posi-
tions, the assumed fuel consumption rate b1 can be
found. For instance, assuming that the engine speed
N¢+1=2800 rpm and the torque Te4+1=12.1 kg-m, the
cross point F5 can be obtained from the data map and
this point F5 belongs to the area of the fuel consumption
rate of 200 g/psh to 250 g/psh in the equal fuel con-
sumption rate curves B. Accordingly, since the one step
shifting up position SP 1, i.e. the current shift is the
fourth speed, the assumed fuel consumption rate be+1
when shifting up to the fifth speed, becomes 200 g/psh
to 250 g/psh.

The assumed fuel consumption rate bey; thus
searched (i.e., derived) in step 33 is compared with a
predetemined value in the next decision step 34. That is,
the fuel consumption rate b, 1 is determined whether
or not it is larger than 5000 g/psh. In this case, a large
number such as 60000 g/psh is inputted in the area
above the full opened torque in FIG. 4. Accordingly, if
the result of the decision is NO, the assumed fuel con-
sumption rate b, 1 is compared and is determined in the
next step 35 as to whether or not it is smaller than the
current fuel consumption rate b, which was searched
(i-e., derived) in the step 25.

If the result of the decision is YES, that is, the as-
sumed fuel consumption rate b1 is smaller than the
current fuel consumption rate b, the operation now
moves to the step 43 and the operation for indicating the
shift-up condition is performed in the step 44 after some
delay time. Namely, in this step, the speed change oper-
ation indicating signal is applied to the indicator or
display 10 from the microcomputer 5 through the 1/0
port 6. As a result, a particular lamp in this case, a shift-
up indicating lamp in the indicator 10, is illuminated,
thus indicating to the driver that the speed change from
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current shift position to the one step shifting up position
SP 1is preferable. In this case, it is preferable to pro-
vide some delay time as shown in the step 43 so as to
prevent the driver from confusion due to intermittent .
illuminations of the lamp of the indicator 10 within a
short time when the fuel consumption rate is on the
critical border lines.

On the other hand, if the result of the decision in the
step 35 is NO, that is, the assumed fuel consumption rate
be+1is larger than the current fuel consumption rate be,
the operation now moves to the step 36. In this step 36,
the decision is made whether or not the current shift
position SP is the first speed. If the result of the decision
is YES indicating that the current shift position is the
first speed, the processing for the main routine is termi-
nated as no shift-down operation is required, while if
the result of the decision is NO, the operation now
moves to the next step 37 for calculating the engine
speed N¢1 at the one step shifting down position SP
—1. In this step, the engine speed Ne41 at the time of
shifting down from the current shift position SP to the
one step shifting down position SP _1 is calculated by
the following equation;

N,..1=N,Xgear ratio of shift position SP_ j/gear
ratio of shift position SP

where, each unit of each parameter indicates

N¢—1=rpm

Ne=rpm.

From the engine speed N,_ calculated here and the
driving power which was calculated in the step 26, the
torque T is calculated by the following relationship
in step 38; ‘

Tee 1=PXT16.2/Ne—1

where, each unit of each parameter indicated

Te—1=kgm,

P=ps,

Ne—1=rpm. .

The torque thus calculated is compared with a prede-
termined value such as 0.05 kg-m in the step 45. If the
result of the decision in step 45 is YES, the operation
now moves to the fuel consumption rate search step 39,
where the assumed fuel consumption rate b._j in the
one step shifting down position SP_1 is searched from
the data map in FIG. 3 as in the step 33. Namely, if the
engine speed N,_ 1 is 4600 rpm and the torque T,—1is 12°
kg-m which were calculated in the steps 37 and 38, the
cross point F3 is determined on the data map in FIG. 4.
Accordingly, in step 39, from the area of the equal fuel
consumption rate curve B of 350 g/psh to 400 g/psh on
which the cross point F 3 is situated, the assumed fuel
consumption rate b, 1 is searched to be found in the one
step shifting down position SP _1.

With the one step shifting down position SP _ thus
obtained, i.e. the current shift position SP being as the
fourth speed, the assumed fuel consumption rate when
shifting down to the third speed which is in the shift
position SP _; thereunder, becomes 350 g/psh to 400
g/psh, and then the next step 40 is executed. In this step
40, the fuel consumption rate b, in the current shift
position SP which was searched in the step 25 is com-
pared with the assumed fuel consumption rate be—1 .
Namely, the decision making is performed whether or
not the assumed fuel consumption rate b._i is smaller
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than the current fuel consumption rate b,. If the result
of the decision is NO which means that the b._ is
larger than the b,, the processing for the main routine is
terminated. On the other hand, if the result of the deci-
sion is YES, meaning that the assumed fuel consump-
tion rate be_ 1 is smaller than the current fuel consump-
tion rate b, the operation moves to the next step 41,
where some time delay processing is performed, and
then the operation now moves to the step 42.

In this step 42, shift-down display is performed.
Namely in this case, the shift down display instruction
signal from the microcomputer 5 is applied to the indi-
cator 10 through the I/0 port 6 and the shift-down
indication lamp in the indicator 10 is illuminated, thus

indicating to the driver that speed change operation
~ from the current shift position to the one step shifting
down position SP _ is preferable.

In this manner, the operations as indicated in each

step are repeatedly performed and the assumed fuel
consumption rate b, 1 in the one step shifting up posi-
tion and the assumed fuel consumption rate b._1 in the
-one step shifting down position from the current shift
position are calculated respectively, and each assumed
fuel consumption rate is compared with the current fuel
consumption rate b,, respectively. In this case, if the
current fuel consumption rate b is better than the as-
sumed fuel consumption rate be 1 or the assumed fuel
consumption rate b3_1, the indicator 10 is not ener-
gized. However, only when either one of the assumed
fuel consumption rates above. is better than the current
fuel consumption rate b, the corresponding shift-up
lamp or shift-down lamp in the indicator 10 is illumi-
nated, thus indicating the necessity of the speed change
operation. As a result, the driver can actually perform
the speed change operations in accordance with the
indications so that the optimum speed running of the car
_can be carried out with a preferable shift position in the
'~ optimum fuel consumption rate.
“*  Inthe preferred embodiment according to the present
“-invention described in the foregoing, the range of each
" area. indicative of the equal fuel consumption rate
““curves B has been indicated as 50 g/psh. However, if
the range of each area is defined more narrow or the
distances between the points is interpolated by calcula-
tion, it is possible to indicate more accurate speed
change operations.

As stated in the foregoing, in the speed change opera-
tion and indication system according to the present
invention, the optimum fuel consumption rate is calcu-
lated from the data corresponding to the number of
engine rotation and the throttle valve opening, an as-
sumed fuel consumption rate is calculated for generat-
ing the same driving power as that in the current run-
ning conditions in the shift position adjacent to a partic-
ular shift position at that time, and the current fuel
consumption rate is compared with the assumed fuel
consumption rate, whereby the optimum shift operation
indications are displayed to the driver.

With this construction, it is possible for a driver to
run his car in accordance with the indication of the
speed change operation on an indicator so as to maintain
the optimum fuel consumption of the automotive vehi-
cle, thus enabling the economical running of the car to
be realized. )

While the invention has been described in its pre-
ferred embodiments, it is to be understood that various
changes and modifications may be made within the
purview of the appended claims without departing from
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the true scope and spirit of the invention in its broader
aspects.

What is claimed is:

1. An electronically controlled system in an internal
combustion engine for indicating shift position for a
manual transmission thereof so as to maintain optimum
fuel consumption by the engine, comprising:

first detecting means for detecting current engine

speed;

second detecting means for detecting current throitle

position;

third detecting means for detecting current shift posi-

tion;

first determining means for determining current en-

_gine torque based on said current engine speed and
current throttle position in accordance with a first
two-dimensional map of engine speed and throttle
position;

second determining means for determining current

fuel consumption rate based on said current éngine
speed and determined current engine torque in
accordance with a second two-dimensional map of
engine speed and engine torque, said second map
including isometric curves representing curves of
equal fuel consumption rates;

calculating means for calculating driving force of the

engine in accordance with current engine speed

and current engine torque, said calculating means

further including:

first comparing means for comparing said current
fuel consumption rate obtained by said second
determining means with an assumed one-step-
transmission upshifted fuel consumption - rate
determined by one-step-transmission upshifted
engine speed and one-step-transmission upshifted
engine torque defined by said second map,

second comparing means for comparing said cur-

" rent fuel consumption rate obtained by said sec-

ond determining means with an assumed one-
step-transmission downshifted fuel consumption
rate determined by one-step-transmission down-
shifted engine speed and one-step-transmission
downshifted engine torque defined by said sec-
ond map,
outputting means for outputting a first signal indic-
ative of one-step upshifting, a second signal in-
dicative of one-shift downshifting, or a third
signal indicative of stopping both one-step up-
shifting and downshifting, respectively, when-
ever said first comparing means determines said
assumed fuel consumption rate of one-step up-
shifting is less than the currently detected fuel
consumption rate, said second comparing means
determines said assumed fuel consumption rate
of one-step downshifting is less than the cur-
rently detected fuel consumption rate, or both
values of fuel consumption rate calculated in said
first and second comparing means are detemined
greater than the currently detected fuel con-
sumption rate; and
' representing means for alternatively representing
whichever of said three signals are output by said
outputting means.
2. A system in claim 1 wherein
said first comparing means comprises first determina-
tion means for determining whether the current
gear position is highest gear or neutral position,
and for enabling said comparison of said fuel con-
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sumption rate if the current shift position is not
determined to be said highest gear or said neutral
position; and

said second comparing means comprises second de-
termination means for determining whether said
current shift position is first gear, and for enabling
said comparison of said fuel consumption rate if it is
determined the current shift position is not said first
gear.

3. A system in claim 1 wherein

said first comparing means comprises first calculating -

means for calculating one-step upshifted assumed
engine speed obtained from the value of the current
engine speed, multiplied by a known gear ratio for
one-step-transmission upshifted, divided by the
known value for the gear ratio corresponding to
the current shift position, and for calculating as-
sumed engine torque obtained from the value of
current driving force divided by said assumed en-
gine speed multiplied by a constant;

said second comparing means comprises second cal-

culating means for calculating one-step down-
shifted assumed engine speed obtained from the
value of the current engine speed, multiplied by a
known gear ratio for one-step-transmission down-
shifted, divided by the known value for the gear
ratio corresponding to the current shift position,
and for calculating the assumed engine torque ob-
tained from the value,of current driving force di-
vided by said assumed engine speed multiplied by a
constant.

4. A system as in claim 1, wherein said representing
means makes an indication to keep the shift position
unchanged whenever said engine speed detected by said
first detecting means is greater than a predetermined
value.

5. A system as in claim 1, further comprising:

first permitting means for permitting said second

determining means to determine said fuel consump-
tion rate whenever the value of said engine torque
determined by said first determining means is
greater than a predetermined value; and

second permitting for permitting said second deter-

mining means to determine said assumed fuel con-
sumption rate whenever the value of said assumed
engine torque calculated by said second comparing
means is greater than said predetermined value.

6. A system as in claim 1, wherein said representing
means represents changes in said first, second and third
signals, indicative of upshifting, downshifting and keep-
ing shift position unchanged, respectively, after a prede-
termined time delay.

7. A method for indicating shift position for a manual
transmission associated with an internal combustion
engine so as to maintain optimum fuel consumption by
the engine, comprising the steps of:

detecting the current engine speed;

detecting the current throttle position;

detecting the current shift position;

determining current engine torque based on said cur-

rent engine speed and current throttle in accor-
dance with a first two-dimensional map of engine
speed and throttle position;

determining current fuel consumption rate based on

said current engine speed and determined current
engine torque in accordance with a second two-di-
mensional map of engine speed and engine torque
in accordance with a second two-dimensional map

20

25

45

50

60

65

10
of engine speed and engine torque, said second map
including isometric curves representing curves of
equal fuel consumption rates;
calculating driving force of the engine in accordance
with current engine speed and current engine
torque; .

comparing said current fuel consumption rate with an
assumed one-step upshifted fuel consumption rate
determined by one-step upshifted engine speed and
one-step upshifted engine torque defined by said
second map;

comparing said current fuel consumption rate with an

assumed one-step downshifted fuel consumption
rate determined by one-step downshifted engine
speed and one-step downshifted engine torque de-
fined by said second map;

outputting a first signal indicative of one-step upshift-

ing, a second signal indicative of one-step down-
shifting, or a third signal indicative of stopping
both one-step upshifting and downshifting, respec-
tively, if the assumed fuel consumption rate of
one-step upshifting is less than the current detected
fuel consumption rate, the assumed fuel consump-
tion rate of one-step downshifting is less than the
current detected fuel consumption rate, or both
values of fuel consumption rate are determined
greater than the current detected fuel consumption
rate;

representing to an operator of said engine the respec-

tive three signals for executing upshifting, down-
shifting and keeping the shift position unchanged.

8. A method as in claim 7, wherein

the first comparing step includes determining

whether the current gear position is the highest
gear or neutral position, and for enabling said com-
parison of said fuel consumption rate if the current
shift position is not determined to be said highest
gear or said neutral position; and

the second comparing step includes determining

whether said current shift position is the first gear,
and for enabling said comparison of said fuel con-
sumption rate if it is determined the current shift
position is not the first gear.

9. A method as in claim 7, wherein

the first comparing step includes calculating one-step

upshifted assumed engine speed obtained from the
value of the current engine speed, multiplied by a
known gear ratio for one-step upshifted, divided by
the known value for the gear ratio corresponding
to the current shift position, and calculating as-
sumed engine torque obtained from the value of
current driving force divided by said assumed en-
gine speed multiplied by a constant; and

the second comparing step includes calculating one-

step downshifted assumed engine speed obtained
from the value of the current engine speed, multi-
plied by a known gear ratio for one-step down-
shifted, divided by the known value for the gear
ratio corresponding to the current shift position,
and calculating the assumed engine torque ob-
tained from the value of current driving force di-
vided by said assumed engine speed multiplied by a
constant.

10. A method as in claim 7, wherein the representing
step includes the step of indicating to keep the shift
position unchanged when the engine speed is greater
than a predetermined value.

1777



4,559,599

11

11. A method as in claim 7, further including the steps
of:

rate whenever the value of engine torque deter-
mined in the first determining step is greater than a
predetermined: value; and

permitting the determining of assumed fuel consump-
tion rate whenever the value of assumed engine

permitting the determining of the:fuel .consumption
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torque determined in the second comparing step is
greater than the predetermined value.

12. A ‘method as in claim 7 wherein the representing
step includes: the step: of representing the first, second
and third signals indicative of upshifting, downshifting
and : keeping: shift: position -unchanged, respectively,

after a predetermined time:delay.
*

* ¥ % *
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ANSPRUCHE
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e

Te }Einrichtung zur Erzielung eines verbrauchsgﬁnstigen Betriebs einer
.~ nit einem Schaltgetriebe ausgeriisteten Brennkraftmaschine, insbe-
sondere der Antriebsmaschine eines Fahrzeugs, dadurch gekennzeich-
net, daB als UND-Schaltung im Ansteuerkreis (2) eines Signalgebers
(4) ein drehzahl- und ein lastabhingiger Schalter (6,8) liegen, die
nur beim Aufireten von Betriebspunkten der Maschine in einem vor—
gegebenen vollastfernen Betriebsbereich (I) im Leistungs~Drehzahl-
Diagramm den Ansteuerkreis (2) schlieBen.

2. Einrichtung nach Ansprﬁch 1, dadurch gekennzeichnet, daB die UND-
Schaltung ferner einen nurfbei eingelegtem hochsten Getriebegang
den Ansteuerkreis (2) unterbrechenden gangabhiingigen Schalter (10)
enthdlt.,

3« EBinrichtung nach Anspruch 1 oder 2, dadurch gekennzeichnet, daB der
vollastferne Betriebsbereich (I) im Diagramm oberhald einer vorge-
gebenen Drehzahl (n1) von etwa 20 bis 50 % der maximalen Drehzahl
liegt.

4. BEBinrichtung nach einem der Anspriiche 1 bis 3, dadurch gekennzeich-
net, da8 der vollastferne Betriebsbereich (I) im Diagramm unter-
halb der Linie (b) fiir etwa 50 bis 70 % der Maxlmalstellung des Lei-
stungssteuerglleds liegt.

vorsitzender Vorstand: Sors domuer, Vorsizeader - Prol, Drtsain. Emnst Faiz - Dr jut. Feter Fretk - Ginter Hanwich
des Aufsichisrats: Horst Munzrar - 2. 1er. pol. Werner 2. §nmid) - “Goti.es V. Siren. . Prel, Dr. rer. pol. Friedrich Thomée
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Einrichtung nach einem der Anspriiche 1 bis 4, dadurch gekennzeich-
net, daB der Signalgeber (4) eine Leuchte mit der Darstellung ei-

nes nach oben weisenden Pfeils ist.,

Einrichtung zur Erzielung eines verbrauchsgiinstigen Betriebs einer

. mit einem Schaltgetriebe ausgeriisteten Brennkrafitmaschine, insbe-

sondere der Antriebsmaschine eines Fahrzeugs, insbesondere nach
einem der Anspriiche 1 bis 5, dadurch gekennzeichnet, daB als UND-
Schaltung im Ansteunerkreis (3) eines Signalgebers (5) ein drehzahl-
und ein lastabhéngiger Schalter (6,9) liegen, die nur beim Auftre-
ten von Betriebspunkten der Maschine in einem vorgegebenen vollast-
nahen Betriebsbereich (II) im Leistungs-Drehzahl-Diagramm zwischen
dem ansteigenden Ast der’ Vollastlinie (a) und einer benachbarten
Linie (c) fiir eine konstante Stellung des Leistungssteuerglieds den

Mnsteuerkreis (3) schlieBen.

Einrichtung nach Anspruch 6, dadurch gekennzeichnet, daB die UND-
Schaltung ferner einen nur bei eingelegtem ersten Getriebegang den
Mnsteuverkreis (3) unterbrechenden gangabhingigen Schalter (11) ent-
hdlt.

Einrichtung nach -Anspruch 6 oder 7, dadurch gekennzeichnet, da8 der
vollastnahe Betriebsbereich (II) im Diagramm unterhalb einer vorge-~
gebenen Drehzahl (n2) von etwa 40 bis 70 % der maximalen Drehzahl
liegt.

Einrichtung nach einem der Anspriiche 6 bis 8, dadurch gekennzeich~
net, daB der dem vollastnahen Betriebsbereich (II) zugeordnete last-
abhingige Schalter (9) ein Kickdown-Schalter ist,

Einrichtung nach einem der Anspriiche 5 bis 9, dadurch gekennzeich~
net, daB der dem vollastnahen Betriebsbereich (II) zugeordnete Si-

gnalgeber (5) eine Leuchte mit der Darstellung eines mach unten wei-

senden Pfeils ist,

030063/0283
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Einrichtung nach einem der Anspriiche 1 bis 5 und einem der Ansprii-
che 6 bis 10, dadurch gekennzeichnet, da8 beide‘Ansteuerkreise (2,3)
eine gemeinéamerSﬁanpungsquelle (1) enthalten und die drehzéhlab-
hﬁngigenVSchalter'durch cinen Umschalter (6) gebildet sind.

Einrichtung nach Anspruch 11, dadurch gekennzeichnet, daB der Um-
schalter (6) drei Schaltstellungen besitzt, von denen er die mitt-
lere, zu keinem der Ansteuerkreise (2,3) fiihrende Schaltstellung

bei Drehzahlwerten einnimmt, die zwisqhen'den_die beiden Betriebs-

bereiche (I,II) im Diagramm begrenzenden Drehzahlen (n1, n2) lie-

gen.

Binrichtung nach'Aﬁspruch 5 und/oder 10, dadurch gekemmnzeichnet, daB
der bzw, die Signalgeber (33) integriert ist bzw. sind in eine Eraft-
stoffverbrauchsanzeige (31). '
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Binrichtung zur Erzielung eines verbrauchs-
ginstigen Betriebs einer Bremnkraftmaschine

Die Erfindung betrifft eine Einrichtung gemiB dem Oberbegriff der Pa-
tentanspriiche 1 und 6, In erster Linie ist dabei an den Einsatz bei
einer Antriebsmaschine eines Kraftfahrzeugs gedacht, jedoch ist die
Erfindung grundsfZtzlich auch bei stationfiren Bremnkraftmaschinen mit
Vorteil anwendbar, die mit unterschiedlichen Leistungen und Drehzah-

len betrieben werden.

Der Kraftstoffverbrauch einer mit einem Schaltgetriebe ausgeriisteten
Brennkraftmaschine h&ngt wesentlich von der Lage ihres Betriebspunkts
im Last-Drehzahl~Diagramm der Maschine ab. Dabei lassen sich grundsitz-
lich zwei F&lle unterscheiden: Die Lage des Betriebspunktes der Ma-
schine in einem vollastfernen Betriebsbereich unter Einschaltung eines
der unteren oder mittleren Getriebeginge fiihrt zwar zur Sicherstellung
dexr gewiinschten Leistung, jedoch mit einem sehr hohen Krafistoffver-
brauch. Es ist daher zweckm#Big, in den nichsthSheren bzw. den hdchsten
Getriebegang hochzuschalten und so einen vollastnfheren Betriebspunkt
einzustellen, Im zweiten Fall liegt zwar ein vollastnaher Betriebspunkt
vor, aber trotz Vollgasstellung (Maximalstellung) des Leistungsstener-
glieds, worunter im Rahmen der Erfindung bei Vergasermaschinen die Dros-
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selklappe und bei Einspritzmaschinen der Einspr;tzregler zu verstehen
ist, 148t sich die gewiinschte Leistung bei eingelegtem htheren oder
hSchsten Gang nicht erreichen; auBerdem ist diese Betriebswéise dex
Maschine ebenfalls nicht verbrauchsgiinstig.

Gemeinsam ist diesen beiden Fillen, daB der Nachteil eines hohen Kraft-
stoffverbrauchs durch Hoch- bzw. Herunterschalten des Getriebes ohne
Verringerung der Leistung der Maschine vermieden werden kann, Wie
sich aber in der Praxis beispielsweise bei Autofahrern immer wieder
zeigt, herrscht insbesondere bei ungeﬁbtén Fahrern, beispielsweise sol-
‘chen, die vorher ein Fahrzeug mit antomatischem Getriebe gefahren haben,
Uhklarheit iiber den EinfluB der Lage des Betriebspunktes der Maschine
auf den Kraftstoffverbrauch sowie Unsicherheit dariiber, wann ein Gang-
wechsel sinnvoll ist.

Der Erfindung llegt die Aufgabe zugrunde, eine Elnrlchtung zu schaffen,
die die Bedlenungsperson der mit einem Schaltgetriebe ausgeriisteten
Brennkraftmaschine, also beispielsweise den Fahrer eines Eraftfahrzeugs,
bei der Einstellung eines verbrauchsgiinstigen Betriebspunktes der Ma-
schine durch Schaltvorgénge unterstiitzt. Die erfindungsgenéfe Losung
dieser Aufgabe ist gekennzelchnet durch die Merkmale der selbstandlgen
Patentanspruche.

Ein wesentlicher Vorteil der Erfindung ist darin zu sehen, daB die Ein-
.richtung ein zum Umschalten aufforderndes Signal liefert das aus dem
der Maschine zugehérigen Le1stungs-Dmehzahl—Dlagramm gewonnen igt, so
daB subjektive Gesichtspunkte, etwa das - hauflg falsche - "Gefuhl" des
Fahrers eines Kraftfahrzeugs, ausgeschlossen sind.

Die Erfindung wird im folgenden anhand der Zeichnung erliutert. Es.
stellen dar:

Fig. 1 das Leistungs~Drehzahl~Diagramm einer mit

einem Schaltget;iebe aﬁsgerﬁsteten Brenn~-
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kraftmaschine mit zwei hinsichtlich des
Kraftetoffverbrauchs ungiinstigen Betriebs-

bereichen,

Fig., 2 das Schaltbild eines Ausfiihrungsbeispiels
der erfindungsgeméiBen Einrichtung und

Fig. 3 eine vorteilhafte Ausgestaltung des Si-
gnalgebers.

Betrachtet man zundchst Figur 1, so ist tiber der Maschinendrehzahl n
die Leistung N der Maschine aufgetragen. a ist die Kurve der Vollast~
leistung, b eine Linie konstanter Stellung des Leistungssteuerglieds,
also beispielsweise eine ILinie konstanten Drosselklappenwinkels bei ei~
ner Vergasermaschine, Als MaB hierfiir kann auBer dem Drosselklappenwin=-
kel selbst auch der Saugrohrunterdruck dienen. In der Regel wird die
Linie b, die einen ersten unerwiinschten Betriebsbereich T begrenzt, et-
wa zwischen 50 und 70 % der Maximalstellung des Leistungssteuerglieds
liegen. ¢ ist ebenfalls eine Linie konstanter Stellung des Leistungs-‘
steuerglieds bzw. konstanten Saugrohrunterdrucks, die jedoch ~ im Gegen-
satz zum Bereich I - einen. vollastnahen, ebenfalls unerwiinschien Be-
triebsbereich II begrenzt. Dabei kann die Linie ¢ der Kickdown-Stellung
eines Gaspedals entsprechen. Die Betriebsbereiche I und II werden fer-
ner abgegrenzt durch Drehzahlwerte n1.hzw. Dy, von denen der erste in
der Regel zwischen etwa 20 bis 50 % der maximalen Drehzahl und der zwei-

te zwischen etwa 40 und 70 % der maximalen Drehzahl liegt.

Die Zahlenwerte fiir die Grenzen der beiden Betriebsbereiche I und II
8ind verstéindlicherweise vom Einzelfall abhingig. Generell kann man sa-
gen, daB diese beiden Betriebsbereiche mo liegen, daB durch Schaltvor-
ginge Betriebspunkte im Leistungs-Drehzahl-Diagramm gewonnen werden
konnen, die hinsichtlich des Kraftstoffverbrauchs glinstiger liegen.

Betrachtet man zunichst den vollastfernen Betriebsbereich I, so 14Bt sich
die erwiinschte Leistung mit geringerem spezifischen Kraftstoffverbrauch
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nach Hpchschalten in den nichsth8heren Gang bei einem Betriebspimkﬁ
erzielen, der in dem Dia.gﬁamm nach Figur 1 links von dem Betriebsbe-
reich I liegt. Die erfindungsgendBe Einrichtung erzeugt demgemdf ein
die Bediemungsperson, also in der Regel den Fahrer, zum Hochschalten
aufforderndes Signal, das in Figur 1 durch den nach oben weisenden

Pfeil inmerhalb des Betriebsbereichs I angedeutet ist.

Die lage des Betriebspunktes der Maschine in dem- vollastnahen Be-
triebsbereich II, also in Figur 1 Tinks von_dér Drehzahl Doy hat zu-
nichst den grundsitzlichen Nachteil, daB die gewiinschte hthere Lei~
stung trotz Vollgasstellung des Gaspedals bzw. des Leistungssteuer-
glieds nicht erreicht wird. Erst nach Zuriickschalten auf den néchst
niedrigen Gang wird bei hdheren Drehzahlen die gewiinschte hShere Lei-
stung erreicht. Ein weiterer Nachteil der Lage des Betriebspunktes im
Betriebsbereich II ist der relativ hohe Kraftstoffverbrauch. Bei Lage
des Betriebspunktes im Betriebébereich II erzeugt die erfindungsge~
méfe Einrichtung ein dem Fahrer zum Zuriickschalfen aufforderndes Si-
gnal, was in Figur 1 durch den nach unten weisenden Pfeil am Betriebs-
bereich II angedeutet ist. An dieser Stelle sel eingefiigt, da8 es zweck-
miBig sein kann, dem Gaspedal in der Kickdown-Stellung (Linie ¢) einen
Druckpunkt zuzuordnemn. '

Figur 2 zeigt nun eine Ausfiihrungsform der erfindungsgem&fen Binrich-
tung, die mit besonders geringem Aufwand unterschiedliche Signale er-
zeugt je nachdem, ob der jeweilige Betriebspunkt der Maschine im Be-
triebsbereich I oder im Betiie_bsbereich IT liegt.

Die Sﬁa.nnungsquelle 1 ist den beiden in jeweils einem- Ansteuerkreis 2
bzwe 3 liegenden Signalgebern 4 und 5 gemeinsam. Beide'Sighé.lgeber sind
Leuchten mit- der Darstellung eines nach oben bzw. unten weisenden
Pfeils, der die Bedienungsperson bei Beté@tigung des jeweiligen Signal-
gebers zum Hochschalten bzw. Herunterschalten 'auffoz_:dert.

Die beiden Ansteuerkreise 2 und 3 werden selektiv geschlossen durch den

drehzahlabhingigen Umschalter 6, dem ein der jeweiligen Maschinendreh-
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zahl n entsprechendes Signal zugefiihrt wird und der so ausgelegt ist,
da8 sein Schaltarm 7 bei Drehzahlen, die groBer sind als die vorgege-
bene Drehzahl n, (Biehe Figur 1),in Figur 2 nach oben, dagegen bei
Drehzahlen, die kleiner sind als die vorgegebene Drehzahl Doy nach un-
ten schwenkt aus einer neutralen Mittelstellung, die er also einnimmt,

wenn Drehzahlwerte zwischen n, und n, vorliegen.

Die Gewinnung des Drehzahlsignals erfolgt mit bekannten Sensoranord-
nungen, die daher hier im einzelnen nicht beschrieben zu werden brau-
chen. So 14B8% sich die Drehzahl digital auf induktivem Wege liber magne—
tische Unsymmetrien an der Schwungscheibe der Maschine oder aus der
Frequenz der Ziindsignale bei einer fremdgeziindeten Maschine bestimmen.
Bekannt ist ferner die Gewinnung von Drehzahlsignalen aus der von ei~
ner Wechselstrom-Lichtmaschine des mit der Maschine ausgeriisteten Fahr-

zeugs abgegebenen Spannung.

Zuxr Definition der beiden Betriebsbereiche I und IT sind in den An-
steuerkreisen 2 und 3 in Figur 2 ferner lastabhingige Schalter 8 und 9
vorgesehen, von denen der erste nur unterhalb der in Figur 1 mit b be-
zeichneten Linie und der Schalter 9 nur oberhaldb der Linie ¢ in Fi=-
gur 1 geschlossen ist. Der Schalter 9 kann demgemiB ein Kickdown-Schal-

ter sein.

Die Schalter 6 und 8 bzw, 6 und 9 liegen in Reihe und bilden somit eine
UND-Schaltung im jeweiligen Ansteuerstromkreis fiir einen der Signalge-
ber 4 und 5, Da ein Hochechalten nur méglich ist beim Betrieb in einem
vom hichsten Gang abweichenden Gang, wire es unzweckm#Big, durch den
Signalgeber 4 ein zum Hochschalten aufforderndes Signal zu erzeugen,
wenn bereits der héchste Gang eingelegt ist. Entsprechend ist ein Zu-
riickschalten nur méglich, wenn nicht der umterste Gang eingelegt ist.
Auch hier wire es unzweckmiBig, durch den Signalgeber 5 ein Signal zu er-
zeugen, wenn infolge der getroffemen Gangwahl der durch die Signalgabe
verlangte Schalivorgang nicht mdglich ist. Daher enthalten die beschrie-
benen UND-Schaltungen jeweils einen gangabhiingigen Schalter 10 bzw. 11.
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Die Kopplung mit dem Schaltgetriebe bzw. dem Schalthebel ist so ge=-
troffen, daB der Schalter 10 nur bei eingelegtem hochsten Getriebe-
gang, dagegen der Schalter 11 nur bei eingelegtem ersten Gang gedff-
net ist; bei den jeweils anderen Gingen sind diese Schalter geschlos-
sen und bereiten daher einen geschlossenen Ansteuerkreis fiir den ilmen
jeweils zugeordneten Signalgeber 4 bzw. 5 vor.

Wie ohne weiteres aus Figur 2 ersichtlich, erfolgt bei einem innerhald
des Betriebsbereichs I (siehe Figur 1) liegenden Betriebspunkt der Ma-
schine eine Signalgabe nur durch den Signalgeber 4, dagegen bei einem
Betriebspunkt innerhalb des Betriebsbereichs II eine Signalgabe nur
durch den Signalgeber 5.

Es ist zweckmiBig, zusf@tzlich zu dieser Einrichtung bei einem Fahrzeug
eine Anzeige des wegbezogenen Kraftstoffverbrauchs vorzusehen. Derarti-
ge Anzeigevorrichtungen sind an sich bekannt; sie arbeiten in der Regel
mit Ausnutzung des Saugrohrunterdrucks als MaB fiir den Kraftstoffver-
brauch. Eine entsprechende E;nrichtung zeigt beispielsweise die DE-0S .
27 31 065. In diesem Falle ist es zweckmiBig, die in Figur 2 mit 4 und 5
bezeichneten Signalgeber zu integrieren in das Instrument der Ver-
brauchsanzeige, wie dies in Figur 3 angedeﬁgéf‘ist. Der Zeiger 30 der
Eraftstoffverbrauchsanzeige iiberstreicht im normalen Fahrbetrieb die
Skala 31, steht dagegen im Leerlaufbebrieb und bei Vollastbeschleuni-
gungen hinter der Abdeckung 32. In die Skala eingelassen ist der Pfeil
33, der einen Bestandteil eines zum Hochschalten auffordernden Signal-
gebers darstellt, der also dem Signalgeber 4 in Figur 2 entspricht.

Bei der bisherigen Beschreibung der Erfindung war ihre Anwendung bei
einem Schaltgetriebe in den Vordergrund gestellt worden, bei dem alle
Génge von Hand eingelegt werden. Die Erfindung ist sinngem#iB jedoch auch
bei automatischen Schaltgetrieben mit Vorteil verwendbar, die beispiels-
weise mit ™" und "2" bezeichnete Stellungen ihres Wihlhebels aufweisen,
in denen h6here Ginge gesperrt sind. Auch bei einem dérartigén.Getriebé
kann es zwecknédBig sein, durch Einsatz der Erfindung den Fahrer aufzu-

fordern, den Wghlhebel in eine andere Stellung zu bringen.
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CLAIMS

‘A device for obtaining an operation of an internal combustion engine
equipped with a conventional transmission, which operation is
advantageous in terms of fuel consumption, éspecially the drive
machine of a vehicle, )
wherein an engine-speed-dependent and a load-dependent switch (6, 8)
are situated as AND-circuit in the control circuit (2) of a signal
transmitter (4), which close the control circuit :(2) only in the
presence of operating points of the engine in a predefined operating

‘range remote from full load (I) in the output/engine speed diagram.

The device as recited in Claim 1,
wherein the AND-circuit furthermore includes a gear-dependent switch
(10} which interrupts the control circuit (2) only if the highest

gear is engaged.

The device as recited in Claim 1 or 2,
wherein the operating range remote from full load (I) lies above a
predefined engine speed (n;) of approximately 20 to 50% of the

maximum engine speed in the diagram.

The device as recited in one of Claims 1 through 3,
wherein the operating range remote from full load (I) lies below the
line (b) for approximately 50 to 70 % of the maximum setting of the

output control element in the diagram.
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The device as recited in one of Claims 1 through 4,
wherein the signal transmitter (4) is a light that displays an arrow

pointing up.

The device for obtaining an operation of an internal combustion
engine equipped with a conventional transmission, which operation is
advantageous in terms of fuel consumption, especially the drive

machine of a vehicle, in particular as recited in one of Claims 1

‘through 5, wherein an engine-speed-dependent switch and a load-

dependent switch (6, 9) are situated as AND-circuit in the control
circuit (3) of a signal transmitter (5), which close the control
circuit (3) only in the presenée of operating points of the machine
in a predefined operating range close to full load (IT) in the
outpuﬁ/engine speed diagram, between the rising branch of the full-
load line (a) and an adjacent line (c¢) for a constant position of the

output control element.

The device as recited in Claim 6,
wherein the AND-circuit furthermore includes a gear-dependent switch
(11), which interrupts the control circuit*(3) only if the first gear

is engaged.

The device as recited in Claim 6 or 7,
wherein the operating range close to full load (II) lies below a

predefined engine speed (n;) of approximately 40 to 70 % of the

maximum engine speed in the diagram.

The device as recited in one of Claims 6 through 8,
wherein the load-dependent switch (9) assigned to the operating range

close to full load (II) is a kickdown switch.

The device as recited in one of Claims 5 through 9,
wherein the signal transmitter (5) assigned to the operating range
close to full load (II) is a-light which displays an arrow pointing

down.
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The device as recited in one of Claims 1 through 5.and in one of
Claims 6 through 10,

wherein both control circuits (2, 3) include a shared voltage source
(1), and the engine—speed-dependent switches are embodied as change-

over switch (6) .

The device as recited in Claim 11,

whe;ein the change-over switch (6) has three switch positions, the
swifch assuming the middle position, which does not lead to any of
the control circuits (2, 3), at engine speed values that lie between
the engine speeds (n;, n,) delimiting the two operating ranges (I,

II) in the diagram.

The device as recited in Claim 5:and/or 10,
wherein the signal transmitter(s) (33) are/is integrated into a fuel

consumption display (3i).
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Device for Achieving an Operation of an Internal Combustion Engine that is
Advantageous in Terms of Consumption

The invention relates to a method according to the definition of the
species in Claims 1 and 6. In the first place, the use in a drive machine
of a motor vehicle is envisioned, but in principle, the invention may also
be used to advantage in stationary internal combustion engines that are

operated at different outputs and different engine speeds.

The fuel consumption of an internal combustion engine equipped with a
standard transmission essentially depends on the position of its operating
point in the load/engine speed diagram of the engine. Basically, two
scenarios can be distinguished in this context: The position of the
operating point of the engine in.an operating range remote from full load
with an engagement of one of the lower or middle gears may actually ensure
the desired output, but it is accompanied by very high fuel consumption.
Therefore, it is useful to switch to the next higher or to the highest gear
and to thereby adjust an operating point closer to full load. In the second
case, an operating point close to full load may be present, but despite the

full throttle setting (maximum setting) of the output control element,
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which means the throttle valve in carburetor engines .and the injection
controller in injection engines in the framework of the invention, the
desired output is unable to be achieved with an engagement of a higher or
thé highest geaf; apart from that, this operating mode of the engine is

likewise not advantageous from the aspect of consumption.

Both cases have in common that the disadvantage of high fuel consumption
due to upshifting and downshifting of the gears can be avoided without
reducing the output of the engine. However, in practice it has become
abundantly clear, for instance in the case of drivers of cars, especially
unpracticed drivers such as drivers who previously have driven cars with
automatic transmission, that there is frequently confusion about the
influence that the position of the operating. point of the engine can have
on the fuel consumption, and also confusion as to when a change in gear may

be useful.

The present invention is based on the objective of providing a device that
assists the operator of the internal combustion engine equipped with a
conventional transmission, i.e., the driver of a motor vehicle, for
example, in setting an operating point of the engine that is advantageous
in terms of consumption, by way of gear shift operations. The means for
attaining the object according to the invention is characterized by the

. features of the independent claims.

An essential advantage of the invention is that the device supplies a
signal that requests a switchover and is obtained from an output/engine
speed diagram associated with the engine, so that subjective aspects, such

as the frequently incorrect Yfeel" of the vehicle driver, are excluded.

The present invention is explained in detail below, using the drawing. The

figures show:

Figure 1 the output/engine speed diagram of an internal combustion

engine equipped with a conventional transmission,
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showing two operating ranges that are disadvantageous

from the aspect of consumption;

Figure 2 the circuit diagram of an exemplary embodiment of the

device according to the invention; and
Figure 3 an advantageous development of the signal transmitter.

As can be seen when viewing Figure 1 to begin with, output N of the engine
has been plotted across engine speed n. a is the curve of the output at
full load, b is a line that represents a constant setting of the output
control element, i.e., a line that represents a constant throttle valve
angle in a carbﬁretor engine. As a measure thereof, in addition to the
throttle valve angle itself, it is also possible to use the induction
manifold vacuum. Line b which delimits a first undesired operating range T
will generally lie between roughly 50 and 70% of the maximum setting of the
output control element. c is likewise a line of a constant setting of the
output control element or a constant induction manifold vacuum; however, in
contrast to range I, it delimits an operating range II close to full load
that is likewise undesirable. Liﬁe ¢ could correspond to the kickdown
setting of an accelerator pedal. The operating rénges I and ITI are further
delimited by engine speed values n; or n,, the first of which usually lies
between approximately>20 to 50% of the maximum engine speed, and the second

usually lies between approximately 40 and 70% of the maximum engine speed.

The numerical values of thé limits of the two operating.ranges I and .II are
of course dependent on the individual situation. In general, it can be said
that these two operating ranges lie in such a way that by shift operationms,
it is possible to achie&e operating points in the output/engine speed

diagram that are more favorable in terms of fuel consumption.

Looking initially at operating range I remote from full load, the desired

output at a lower specific fuel consumption is able to be achieved after .
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upshifting into the next higher gear, at an operating point that lies to
the left of operating range I in the diagram of Figure 1. Accordingly, the
device of the present invention generates a signal that asks the operator,
i.e., normally the driver, to shift to a higher gear, which is indicated in

Figure 1 by the upward pointing arrow within operating range I.

The position of the operating point of the engine in operating range II
close to full load, i.e., to the left of engine speed ny in Figure 1, first
of all has the basic disadvantage that the desired higher output is not
obtained despite the fact that the accelerator pedal or the output control
element is in the f£ull throttle position. Only after shifting to the next
lower gear will the desired higher output be achieved at higher engine
speeds. Another disadvantage of the position of the operating point in
operating range II is the relatively high fuel consumption. When the
operating point lies in operating range II, the device according to the
present invention generates a signal that asks the driver to downshift,
which is indicated by the downward pointing arrow at operating range II in
Figure 1. It should be added at this point that it may be useful to assign
a pressure point to the accelerator pedal in the kickdown position (line

c).

Figure 2 shows a specific development of the device according to the
invention, which generates different signals at an especially low outlay,
depending on whether the particular operating point of the engine lies in

operating range I or in operating range II.

Voltage source 1 is shared by both signal transmitters 4 and 5 situated in
a control circuit 2 and 3, respectively. Both signal transmitters are
lights displaying an arrow that points up or down, which asks the operator

to shift up or down upon actuation of the respective signal transmitter.

The two control circuits 2 and 3 are selectively closed by engine-speed

dependent change-over switch 6, to which a signal that corresponds to the
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individual engine speed n is forwarded and which is developed in such a way
that at engine speeds that aré greater than predefined engine speed n; (see
Figure 1), its shift lever 7 pivots upwardly in Figure 2, but at engine
speeds that are smaller than predefined engine speed n,, it pivots in the
downward direction from a neutral center position, which it therefore

assumes when engine speed values between n; and n, are preséﬁt.

The engine speed signal is obtained with the aid of known sensor systems,
which therefore need not be described in further detail here. For example,
the engine speed is able to be ascertained digitally in inductive manner
via magnetic asymmetries at the flywheel of the engine, or from the
frequency of the ignition signals in an engine having externally supplied
ignition. It is furthermore known to obtain engine speed signals from the
voltage that is output by an AC alternator of the vehicle equipped with the

engine.

Furthermore, to define the two operating ranges I and ITI, load-dependent
switches 8 and 9 are provided in control circuits 2 and 3 in Figure 2, the
first of which is closed only below the line denoted by b in Figure 1, and
switch 9 is closed only above the line denoted by c in Figure 1. Switch 9

thus may be a kickdown switch.

Switches 6 and 8 or 6 and 9 are set up in series and consequently form an
AND-circuit in the control current circuit of one of signal transmitters 4
and 5. Since upshifting is possible only in an operation using a gear that
differs from the highest gear, it would not be useful for signal
transmitter 4 to generate a signal requesting upshifting in a case where
the highest gear is already engaged. Conversely, downshifting is possible
only if the lowest gear is not engaged. Here, too, it would be impractical
for signal transmitter 5 to generate a signal if the shift operation
requested by the signal output would be impossible due to the gear
gelection made. For this reason, each of the described AND-circuits

includes a gear-dependent switch 10 and 11, respectivély.
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The coupling with the conventional transmission or the gear lever is »
‘implemented in such a way that switch 10 is open only when the highest gear
is engaged, while switch 11 is open only when first gear is engaged; the
switches are closed for the respective other gears, and thus prepare a
closed control circuit for the individual signal transmitter 4 or 5 that is

assigned to them.

As is readily apparent from Figure 2, in an operating point of the engine
that lies within operating range I (see Figure 1), a signal is given only
by signal transmitter 4, whereas in an operating point within operating

range II, a signal is given only by signal transmitter 5.

It is useful if in addition to this device, a display of the route-specific
fuel consumption is provided in a vehicle. Such display devices are known
per se; they generally utilize the induction manifold vacuum as a measure
of the fuel consumption. A corresponding device is shown in DE-0S 27 31
065, for example. In this case, it is useful to integrate the signal
transmitters denoted by 4 and 5 in Figure 2 into the instrument of the fuel
consumption display, as sketched in Figure 3. During standard driving
operation, pointer 30 of the fuel consumption display sweeps scale 31;
while it is hidden behind cover 32 during an idling operation or at full-
load accelerations. Incorpofated in the scale is arrow 33, which
constitutes part of a signal transmitter requesting upshifting, which

therefore corresponds to signal transmitter 4 in Figure 2.

Up to this point, the use in a conventional transmission, in which all
gears are shifted manually, has been the focus in the description of the
present invention. By analogy, however, the present invention is able to be
used to advantage in automatic transmissions as well, which, for example,
feature positions denoted by "1" and "2" on their selection lever, in which
higher gears are blocked. In transmissions of this type as well, it may be
useful to employ the present invention in order to ask the driver to switch

the selector lever to a different position.
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1
ANTI-COLLISION SYSTEM FOR VEHICLES

FIELD AND BACKGROUND OF THE
INVENTION

The present invention relates to an anti-collision sys-
tem for vehicles. The invention is especially useful for
passenger cars, taxis, trucks and buses, and is therefore
described below particularly with respect to such vehi-
cles, but the invention, or some aspects of the invention,
could also advantageously be used for other types of
vehicles, e.g., trains and aircraft.

One of the most frequent causes of vehicle accidents
is the failure of a vehicle to maintain an assured safe
distance behind another vehicle to prevent a rear end
collision should the front vehicle suddenly stop. The
assured safe distance required to prevent such a rear-
end collision depends on the reaction time of the vehicle
driver before the brake pedal is actually depressed, and
the braking distance traversed by the vehicle before it
comes to a complete stop after the braking pedal has
been depressed. Both of these factors vary according to
the surrounding circumstances at the time of driving.

In order to prevent collisions, many parameters,
which are constantly changing during the year or even
during a trip, may affect the stopping distance of the
vehicle and therefore should be taken into account.
These parameters include: the condition of the driver,
such as the driver’s reaction time; the condition of the
vehicle, such as the vehicle load, the tires pressure; and
environmental conditions, such as road type, visibility,
skidding condition.

It is very important that the computer determines the
danger-of-collision distance according to the specific
conditions existing at the time the vehicle is being oper-
ated. Thus, if the determined danger-of-collision dis-
tance is too high for the specific operating conditions,
there will be a high rate of “false alarms™; this will
reduce the credibility of the system to the driver, which
can result in a true collision condition being ignored. On
the other hand, if the determined danger-of-collision
distance is too low for the specific operating conditions,
this could result in failure to actuate the alarm in time
when there was truly a collision condition.

Many anti-collision systems have been proposed, but
insofar as I am aware, none has yet gained any wide-
spread use, probably because the proposed systems
have not taken into consideration the variable nature of
the many parameters which influence the reaction time
and/or the braking distance involved at any particular
time for determining the assured safe distance required
to be maintained.

An object of the present invention is to provide an
anti-collision system which is more closely responsive
to the actual driving conditions for actuating an alarm.

BRIEF SUMMARY OF THE INVENTION

According to the present invention, there is provided
an anti-collision system for vehicles, comprising: means
for determining the speed of the vehicle; means for
measuring the distance of the vehicle from an object; a
computer for receiving a number of parameters, includ-
ing the speed of the vehicle, and for computing from the
parameters a danger-of-collision distance to the object;
and a Collision alarm actuated by the computer when
the measured distance of the object is equal to or less
than the danger-of-collision distance computed by the
computer; characterized in that the system also includes
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a control panel having parameter presetting means for
presetting preselected parameters which are utilized by
the computer for computing the danger-of-collision
distance to the object.

According to further features in the preferred em-
bodiment of the invention described below, the system
also includes a Safety alarm actuated by the computer,
before actuating the Collision alarm, when the mea-
sured distance is equal to or less than the danger-of-col-
lision distance multiplied by a predetermined safety
factor.

According to further features in the described pre-
ferred embodiment, below, the control panel also in-
cludes distance presetting means for presetting a se-
lected fixed distance from an object, the computer being
effective to actuate the Collision alarm also when the
sensed distance to the object is equal to or less than the
fixed distance.

According to still further features in the described
preferred embodiment, the preselected parameters in-
clude: at least one vehicle parameter concerning a pre-
selected condition of the vehicle; at least one driver
parameter concerning a preselected condition of the
vehicle driver; and at least one environmental parame-
ter concerning a preselected condition of the environ-
ment. In the described preferred embodiment, the pre-
setting is effected by a plurality of depressible keys on
the control panel.

The system described below also includes a plurality
of condition sensors for sensing any one of a plurality of
selected conditions, and for automatically feeding to the
computer information with respect to the sensed condi-
tions, which information is also utilized by the com-
puter for computing the danger-of-collision distance to
the object. One of the described condition sensors in-
cludes a condition-of-driver sensor comprising a plural-
ity of depressible keys, means for displaying a random
sequence in which the latter keys are to be depressed,
and means for comparing the actual sequence in which
the keys are depressed with the displayed random se-
quence to provide a condition-of-driver parameter,
which parameter is also utilized by the computer for
enabling or disabling vehicle operation and/or for com-
puting the danger-of-collision distance to the object.

According to another feature in the described pre-
ferred embodiment, the system further includes a sealed
recording device which records all incidents in which
the computer actuates the alarms.

As will be described more particularly below, an
anti-collision system constructed in accordance with
some or all of the foregoing features enables the system
to be more closely responsive to the actual conditions at
the time of driving the vehicle, including the condition
of the vehicle, the driver, and the environment, in deter-
mining the danger-of-collision distance to avoid a rear-
end collision. Such a system is useful not only for pas-
senger vehicles, but also for other types of vehicles,
such as trucks and buses. The condition-of-driver sensor
referred to above, and also the sealed recording device,
are particularly useful in buses, trucks, trains and air-
craft, to test the condition of the driver, to assure that
the driver is in proper condition for driving the vehicle,
and/or to maintain a record which can be later checked
as to all incidents in which an alarm was actuated by the
computer.

According to a further feature, the system includes an
actuator for actuating a mechanical system of the vehi-
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3
cle, e.g., the brakes of a train, or steering of an aircraft,
at the time the collision alarm is actuated.
Further features and advantages of the invention will
be apparent from the description below.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is herein described, by way of example
only, with reference to the accompanying drawings,
wherein:

FIG. 1 diagrammatically illustrates one form of vehi-
cle equipped with an anti-collision system in accor-
dance with the present invention;

FIG. 2 illustrates an example of the system control
panel to be mounted in the driver’s compartment to
enable presetting various parameters and also to display
various information;

FIG. 3 illustrates another type of control panel that
may be used in the anti-collision system;

FIG. 4 illustrates examples of menu-type displays
which may be included in the control panel of FIG. 3;

FIG. 5 illustrates a driving ability test device used as
a condition-of-driver sensor for sensing the condition of
the driver and/or for enabling or disabling operation of
the vehicle;

FIGS. 6A and 6B illustrates the microcomputer in the
anti-collision system of FIG. 1 and all the inputs into
and the outputs therefrom;

FIG. 7 is a circuit diagram illustrating one form of
electrical circuit which may be used;

FIG. 8 illustrates one example of a pattern of pulses
that may be used by the vehicle in determining its dis-
tance from an object;

FIG. 9 is a flow chart illustrating the overall opera-
tion of the system;

FIGS. 10A-10B, together, constitute flow charts
illustrating the overall operation of the Calculation
module in the microcomputer of FIGS. 6A and 6B;

FIG. 11A-11H, together, constitute flow charts illus-
trating the operation of the deceleration alarm module
in the microcomputer of FIGS. 6A and 6B;

FIGS. 12A-12B, together, constitute flow charts
illustrating the operation of the output data module in
the microcomputer of FIGS. 6A and 6B;

FIGS. 13A-13B, together, constitute flow charts
illustrating the operation of the black box module in the
microcomputer of FIGS. 6A and 7B;

FIGS. 14A-14D, together, constitute flow charts
illustrating the operation of the driving ability test mod-
ule in the microcomputer of FIGS. 6A and 6B;

FIG. 15 illustrates another control panel which may
be used to include additional presettable parameters;
and

FIG. 16 illustrates a control panel particularly useful
with trains.

DESCRIPTION OF PREFERRED
EMBODIMENTS

Overall System

The anti-collision system illustrated in FIGS. 1-14 is
particularly useful for motor vehicles (passengers cars,
buses, trucks) in order to actuate an alarm when the
vehicle is travelling at a distance behind another vehicle
or in front of another, which is equal to or less than a
danger-of-collision distance computed by a computer
such that if the front vehicle stops suddenly there is a
danger of a rear-end collision. For this purpose, the
system includes means for continuously determining the
speed of the vehicle; means for measuring the distance
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and computing the relative speed between it and the
other vehicle or object; presettable means for presetting
various conditions of the vehicle, vehicle driver and/or
environment; and sensors for automatically sensing
other conditions. All of these are taken into consider-
ation by the computer for determining the danger-of-
collision distance. By thus taking into consideration all
the foregoing parameters, which may vary widely
under varying driving conditions, the system is more
closely responsive to the actual conditions existing at
the time the vehicle is operated, and therefore provides
a more creditable alarm.

In the system described below, there are two alarms:
a Collision alarm, which is actuated when the vehicle is
determined to be within the danger-of-collision dis-
tance; and a Safety alarm, which is actuated before the
Collision alarm, at a distance greater than the danger-of-
collision distance by a predetermined safety factor, e.g.,
1.25. For example, if the danger-of-collision distance is
determined to be 100 feet for particular driving condi-
tions, the Safety alarm will be actuated when the vehi-
cle is within 125 feet, and if this distance continues to
decrease, the Collision alarm will be actuated when the
vehicle reaches 100 feet from the object. The Safety
alarm alerts the driver and is preferably both an inter-
rupted beep and a continuous visual indicator on the
panel; whereas the Collision alarm is preferably a con-
tinuous, higher-intensity beep and a flashing visual indi-
cator on the control panel.

The control panel also includes a distance presetting
means for presetting a selected fixed distance from an
object, so that when a constant distance alarm is made
effective the driver can maintain a fixed distance behind
another vehicle if he so desires. The computer is effec-
tive to actuate one of the alarms, e.g., the Safety alarm,
when the distance to the object is equal to or less than
the fixed distance. -

Automatic sensors

FIG. 1 diagrammatically illustrates, for purposes of
example, a plurality of automatic sensors and other
electrical devices included in a vehicle equipped with
an anti-collision system constructed in accordance with
the present invention.

Thus, the vehicle, generally designated 2, is equipped
with a microcomputer 4 having a control panel 6 in-
stalled in the passenger compartment of the vehicle at a
location conveniently accessible to the driver. FIGS. 2
and 3, to be described below, illustrate two types of
control panels that may be used for this purpose.

Vehicle 2 further includes a front space sensor 8 for
sensing the space in front of the vehicle, such as the
presence of another vehicle, a corresponding rear space
sensor 10, and a pair of side sensors 11. All the space
sensors are in the form of pulse (e.g., ultrasonic) trans-
mitters and receivers, for determining the distance of
the vehicle from an object, e.g., another vehicle, at front
or rear. Space sensors may also be provided at the sides
of the vehicle. Vehicle 2 is further equipped with a
speed sensor 12 which may sense the speed of the vehi-
cle in any known manner, for example using the speed
measuring system of the vehicle itself, or a speed mea-
suring system independent of the vehicle, e.g., an accel-
eration sensor, or by calculations based on the Doppler
effect, etc.

The automatic sensors on vehicle 2 further include a
daylight sensor 14, a rain sensor 16, a vehicle load sen-
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sor 18, a trailer-hitch sensor 20, and a reverse-gear sen-
sor 22.

In addition to the foregoing sensors, the vehicle 2
illustrated in FIG. 1 includes a brake light 24 at the rear
of the vehicle controlled by a brake light actuator 26. It
also includes a start-up enable device 27 for starting the
engine of the vehicle.

The illustrated vehicle further includes a black box
shown at 28. In this black box are reported every inci-
dent in which an alarm condition was experienced by
the vehicle, including pertinent parameters with respect
to the incident, particularly time, speed of the vehicle,
and the distance from the object when the alarm was
triggered. This information may be periodically read
out of the black box and is particularly useful with
respect to taxicabs, trucks, buses, trains, vehicles trans-
porting dangerous cargo (e.g., explosives), ambulances,
fire department vehicles, etc.

Further, the vehicle includes an automatic actuator
29, e.g. for actuating the brakes in case of a train, or the
steering in case of an aircraft.

Control Panel

FIG. 2 illustrates one form of control panel 6 for
presetting various parameters into the system, for dis-
playing the status of the presettable parameters, and for
providing the alarms. The parameters are preset by
depressing selected keys in the control panel, each key
being illuminated by a light source when it is depressed
to indicate its depressed condition. Control panel 6
illustrated in FIG. 2 also includes a number of displays,
and also a driving ability testing device which will be
described more particularly below.

With respect to the presettable parameters, control
panel 6 illustrated in FIG. 2 includes a group of keys 30
for presetting the Reaction Time of the driver. Thus,
key 302 would be depressed to indicate a regular reac-
tion time, key 305 would be depressed to indicate a long
reaction time, and key 30¢ would be depressed to indi-
cate a very long reaction time. The reaction time would
be influenced primarily by the age of the driver, but
could also be influenced by other factors, e.g., the alert-
ness condition of the driver, etc.

Control panel 6 includes another group of presettable
keys 32 to indicate the load condition of the vehicle.
Thus, depressing key 32¢ indicates a partial load, key
32b indicates a full load, and key 32¢ indicates a trailer
is hitched to the vehicle. The foregoing presettable
parameters concerning the load condition of the vehicle
may be used in the absence of the sensors 18 and 20 for
automatically sensing the load of the vehicle and the
hitching of a trailer, respectively, as described earlier
with respect to FIG. 1.

Control panel 6 includes two keys 34 indicating the
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condition of the road with respect to the danger of 55

skidding thereon by the vehicle. Thus, key 34a would
be depressed to indicate a slippery condition of the road
and therefore a high danger of skidding, whereas key
34b would be depressed to indicate an unslippery condi-
tion of the road (e.g., dry) and therefore a low danger of
skidding.

Two keys 36 on the control panel 6 indicate the visi-
bility condition of the road. Thus, key 36z would be
depressed where the visibility condition is high,
whereas key 360 would be depressed where it is low,
e.g., because of fog, sandstorm, snow, etc.

Three keys 38 indicate the type of road over which
the vehicle is travelling. Thus, the depression of key 382
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indicates an asphalt road, key 385 a concrete road, and
38¢ a dirt or gravel road.

Keys 40 indicate the daylight condition while driv-
ing. Thus, if it is daytime key 40z would be depressed,
and if it is nighttime key 40b would be depressed.

The control panel 6 includes two keys 42 to select the
mode of operation of the system. Thus, key 42a selects
the Collision Danger mode of operation, wherein the
alarm would be actuated whenever a collision danger is
present as will be described below. However, at times
the driver would like to know whether or not his vehi-
cle is within a predetermined fixed distance behind
another vehicle. In such case, the fixed distance would
be selected by keys 44, and key 426 would be depressed
to select the Constant Distance mode, whereupon the
system would actuate an alarm whenever the sensed
distance is equal to or less than the selected constant
distance. In the example illustrated in FIG. 2, keys 44
enable the selection of any one of three distances,
namely 50, 100 and 150 meters, by keys 44a, 44b and
44c, respectively. It will be appreciated, however, that
other parameters and distances, and other means of
selecting such parameters and distances, could be pro-
vided in the control panel 4.

Control panel 6 further includes a front distance dis-
play 46, in which are displayed the distance to the front
vehicle (in region 46a), in which direction (by arrow
46b), and whether or not there is a collision danger
(region 46¢). A similar display, shown at 48 and having
regions 48a, 48) and 48c, is provided with respect to the
rear of the vehicle equipped with the system, whether a
rear collision danger exists, and the status of the rear
brake light.

The actual speed of the vehicle is shown in the speed
display 50. As indicated earlier, this speed may be taken
from the conventional speed measuring system of the
vehicle, or may be independently measured or calcu-
lated using the front space sensor, e.g., by the Doppler
effect. Control panel 6 further includes a real time clock
having a time display 52.

Control panel 6 further includes a speaker 54 for
producing an audio alarm in the event of a collision
danger, in addition to the visually-indicated alarms of
sections 46¢ and 48c¢ of the displays 46 and 48. A key 56
on the control panel enables presetting the volume of
the audible alarm.

Control panel 4 further includes a driving ability test
device, generally designated 60, which enables the
alertness condition of the driver to be tested. This de-
vice includes a line of depressible keys 61 and a display
62 controlled by the microcomputer 4 for randomly
displaying sequences in which keys 61 are-to be de-
pressed. In the example illustrated in FIG. 4, display 62
indicates that keys 61 are to be depressed in a forward
sequence (left to right) eight times, then depressed in the
reverse sequence (right to left) another eight times, and
then to be depressed in the forward sequence a further
eight times. When the driving ability test is to be con-
ducted, a Start/Stop key 63 is depressed whereupon a
timer is started. When the driver completes the test, he
again depresses key 63. The time is measured between
the two depressions of key 63 thereby providing an
indication of the time required by the driver to depress
the keys according to the required sequences.

This time is a measure of the “alertness” of the driver.
It may thereby be used to provide a parameter of the
driver condition and inputted into the microcomputer 4.
In the illustrated system, however, depressing the dis-
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played sequences of the keys in the right order within a
predetermined time period is a condition required to be
met before the vehicle can be started, as will be de-
scribed more particularly below with respect to the
flow chart of FIG. 14. Failure to meet the condition is
indicated by display 65, and passing the condition is
indicated by display 64. If one attempt fails, another
attempt may be made by depressing Reset key 66. Such
a driving ability test device is particularly useful with
respect to trucks, buses, vehicles carrying dangerous
cargoes, aircraft, and trains, to make sure that the driver
is fit to operate the vehicle before enabling the vehicle
for operation.

FIG. 3 illustrates an alternative type of control panel,
therein designated 70, which may be used instead of the
control panel 6 illustrated in FIG. 2. Control panel 70 is
of the “menu ” type, in which a menu display 71 dis-
plays the various categories of information or options
that may be selected or preset into the computer or
displayed in the control panel. The menu display 71 is
controlled by a Select key 72 which advances the dis-
play each time the key is depressed (or continuously
until the key is permitted to return), and an Enter key 73
which enters the selection shown in the display 71 at the
time that key is depressed. In this panel, the status of the
driving conditions is displayed whenever selections or
other displays are not made or shown.

FIG. 4 illustrates the examples of various types of
menus which may be shown in the menu display 71.
Thus, one display is the Main Menu as shown at 75,
which lists the various modes of display that may be
selected, namely the following: a Status display, as
shown at 71 in FIG. 3; an Alarm Mode Selection dis-
play, as shown at 76a (FIG. 4), which enables the selec-
tion of the desired Alarm mode, namely Collision Dan-
ger, or Constant Distance; and if Constant Distance is
selected, display 76b enables the selection of the dis-
tance; a Parameters Input mode 77a, which enables
selection of the parameters input, each category of
which includes a further display and enables the selec-
tion of one item within the respective category, as
shown by the Reaction Time display 77b; and a Black
Box alarm display 78, which displays the printed data
stored within the black box 28.

By thus utilizing a menu display as shown in FIGS. 3
and 4, it will be appreciated that a large number of
operational modes may be provided, a large number of
parameters may be preset with each parameter divided
into a large number of classifications, and a large num-
ber of displays may be made, in a relatively compact
control panel, as compared to the control panel 6 illus-
trated in FIG. 2.

The control panel 70 illustrated in FIG. 3 includes the
other displays and devices shown in FIG. 2, and there-
fore have been identified by the same reference numbers
to facilitate understanding.

FIG. 5 illustrates a more complicated driving ability
test device that may be included in the control panel, or
in a separate control panel.

Thus, the driving ability testing device 80 illustrated
in FIG. 5 includes, instead of a single line of keys (keys
61 in FIGS. 2 and 3), a matrix of keys 81 arranged in a
plurality of horizontal rows and vertical columns. De-
vice 80 further includes a horizontal display 82 and a
vertical display 83. The horizontal display 82 displays,
for each vertical column, the random sequences and
directions in which the keys are to be depressed and the
random number of times such keys are to be sequen-
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tially depressed. The vertical display 83 also displays
the random sequence, and a number of times, the keys in
each of the three horizontal rows are to be depressed. A
further display 84 indicates whether the sequencing of
the vertical columns or the horizontal rows is to be
effected first (F) or last (L).

Thus, in the example illustrated in FIG. 5, display 84
indicates that the random display 82a is to be first exe-
cuted, and then the random display 83 is to be executed.
Random display 82 indicates that the first vertical col-
umn of keys are to be depressed consecutively in two
sequences starting from the bottom, the middle column
of keys are to be depressed in one sequence, starting
from the top; and the rightmost column of keys are to be
depressed consecutively in three sequences starting
from the bottom. Display 83 indicates that the first
horizontal line of keys are to be depressed once from
right to left, the second horizontal line of keys are to be
depressed three times, from left to right, and the third
horizontal line of keys are to be depressed twice, from
right to left.

The driving ability testing device 80 illustrated in
FIG. 5 includes the other keys of device 60 shown in
FIG. 2, namely keys 85, 86, 87 and 88, corresponding to
keys 63, 64, 65 and 66, respectively, in the device of
FIG. 2.

The Microcomputer

FIGS. 6a, 6b, are a block diagram illustrating the
microcomputer 4 and its inputs and outputs described
earlier which enable it to continuously monitor the
operation of the vehicle and to actuate first a Safety
alarm, and then a Collision alarm whenever the vehicle
may enter a danger-of-collision situation according to
the various preset parameters and automatic parameters
introduced into the computer.

The microcomputer 4 as illustrated in FIGS. 6q, 65 is
divided into various functional modules, as follows: a
calculation module 90, which receives data concerning
the various parameters briefly described above and as
will be described more particularly below to enable it to
make the necessary computations for actuating the
Safety alarm and the Collision alarm; a real time clock
91 which keeps track of time in a real time manner; a
switches/sensors output data module 92 which controls
the various displays on the control panel; a deceleration
alarm module 93, which controls the Safety alarm and
Collision alarm on the control panel, the brake light
actuator 26 and (e.g., in the case of a train) the vehicle
brakes automatically; a black box module 94, which
controls the information recorded into and read out of
the black box 28; and a driving ability test module 95,
involved in the driving ability test 60 in the control
panel of FIG. 2, or 80 in the control panel of FIG. S.
The operation of each of these modules (except the
clock 91) is described more particularly below with
reference to the flow charts of FIGS. 9-14.

Thus, module 90 receives inputs from the front space
sensor 8, the rear space sensor 10, and the vehicle speed
sensor 12. Module 90 also receives inputs from the sen-
sors in case there is no depressible key, e.g., the daylight
sensor 14, the trailer sensor 20, the reverse gear sensor
22, the rain sensor 16, and the vehicle load sensor 18.

With respect to the preset parameters, the module 90
receives as inputs the reaction time as preselected by
keys 30, the vehicle load condition as preset by keys 32,
the skidding danger condition of the road as preset by
keys 34, the visibility condition as preset by keys 36, the
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road-type condition as preset by keys 38, the daylight
condition as preset by keys 40, as preset by key 32c.

Computer module 90 also receives an input from the
mode selector 42 and the constant distance selector 44,
to indicate whether the system is to operate according
to the Collision Danger mode as preselected by key 42a
to actuate the Safety alarm or Collision alarm whenever
the vehicle approaches or is within the computed dan-
ger-of-collision distance, or the Constant Distance
mode as selected by depression of key 42b. In the latter
case, the alarm would be actuated whenever the vehicle
is within a fixed distance as preset by depressing keys
4.

Computer module 90 also receives an input from the
driving ability testing device 60 of FIG. 2 (or 80 of FIG.
5), which introduces the driver alertness condition as a
parameter in the computation to be made by the com-
puter, and/or as a condition to enable the vehicle for
operation.

Computer module 90 also includes information about
the vehicle braking distances as a function of speed.
This is preferably in the form of a look-up table, for
example, provided by the manufacturer for predeter-
mined defined conditions concerning road type, skid-
ding danger, vehicle load and tires pressure, and is
stored in a ROM (read-only memory) of the microcom-
puter so that it can be changed periodically if necessary.

Computer module 90 also includes information con-
cerning specific days during the year, or specific hours
during the day, which are defined as dangerous driving
days or hours. Examples of the latter include Saturday
nights, Christmas Eve, New Year’s Eve, dusk hours,
etc., statistically known as dangerous driving times.
This information could be introduced into the calcula-
tions by the computer in one of the safety factors or
coefficients used by the computer in its calculations.

Computer module 92 controls the various displays,
including the clock display 52, the distance display 46,
48, the speed display 50 and other displays such as the
key displays, namely the indicator lights which illumi-
nate each of the keys (30, etc.) on the control panel
whenever the key is depressed, as described earlier.

The deceleration alarm module 93 controls the Safety
and Collision alarms. As indicated earlier, the Safety
alarm is first actuated to alert the driver that the vehicle
is approaching the danger-of-collision distance from an
object, or another rear vehicle is approaching the dan-
ger-of-collision distance. This alarm may be in the form
of an Interrupted Audio alarm from speaker 54 and a
Continuous Visual alarm from the collision danger dis-
play 46¢ or 48c. The Collision alarm, which is actuated
when the vehicle is within the danger-of-collision dis-
tance, may be in the form of an Continuous, Higher-
Intensity Audio alarm from speaker 54, and a Flashing
Visual alarm from display region 46¢ or 48c.

The deceleration alarm module 93 further controls
the brake light actuator 26 to alert drivers that may be
trailing the vehicle involved, and also a brake light
actuator display, shown at 26z in FIG. 6, to indicate this
to the driver of the vehicle equipped with the safety
system.

In some vehicles, such as a train or aircraft, the de-
scribed system may also be provided with an actuator
for automatically effecting a control of the vehicle, e.g.,
for automatically actuating the brakes in a train, or a
steering control in an aircraft, in response to a danger-
of-collision condition. This is schematically indicated
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10
by block 96 in FIG. 6 as controlled by the deceleration
alarm module 93.

The black box module 94 controls various displays,
generally indicated by block 97 in FIG. 6b, carried by
the black box itself to read out the information recorded
in the black box concerning alarm incidents which oc-
curred, including the time, speed of the vehicle, and
distance from he object, for each alarm incident.

The driving ability test module 95 controls a start-up
enable device, generally designed 98, which enables the
vehicle to be operated only when the test has been
satisfactorily passed, and a display, such as display 64 in
FIG. 2, indicating that the driver has satisfactorily
passed the test and therefore the vehicle is enabled for
operation.

FIG. 7 is a circuit diagram of the microcomputer 4
and the other components of the electrical system. The
microprocessor is indicated by block 100, its power
supply by block 102, and its watchdog circuit by block
104. It includes a transmitter 106 and a receiver 108 for
transmitting and receiving the pulses (e.g., RF, ultra-
sound, laser, IR, etc.) in the front space sensor 8 and the
rear space sensor 10 for measuring the distance of the
vehicle from objects in front of, and to the rear, of the
vehicle, respectively. The microprocessor 100 includes
inputs from all the automatic sensors, and from the
presettable keys on the control panel, as described
above. For purposes of example, only one of the sen-
sors, indicated schematically at 110, and only one of the
presettable keys indicated schematically at 111, are
shown as inputs into the microprocessor. Since the
circuit illustrated in FIG. 7 is well known and commer-
cially available, further details of its structure and mode
of operation are not set forth herein.

Distance Determination

As indicated earlier, the distance of the vehicle from
an object is determined by the front space sensor 8 with
respect to objects in front of the vehicle, and by the rear
space sensor 10 with respect to objects at the rear of the
vehicle. Each of these space sensors may be of known
construction, including a transmitter as indicated at 106
in FIG. 7, and a receiver as indicated at 108. Thus,
pulses are continuously transmitted by each transmitter,
and the echoes from the objects in front of or to the rear
of the vehicle are received by the respective receiver.
The computer then measures the round-trip time from
the pulse transmission to the echo reception in order to
determine the distance of the vehicle from the object.

FIG. 8 illustrates an example of the pattern of pulses
transmitted by the transmitters. Each pulse is identified
by a twelve-bit code. As shown in FIG. 8, the first eight
bits do not change and identify the vehicle transmitting
the pulses, whereas the next four bits change with each
transmission and thereby identify the pulse then being
transmitted, such that the computer can compare the
return pulse with the transmitted pulse and thereby
determine the round-trip time of the respective pulse.
The receiver is “opened” to receive echoes for a prede-
termined “window time” so as to eliminate echoes from
distances which are defined as too long.

OPERATION

General

The operation of the described anti-collision system is
illustrated in the flow charts of FIGS. 9-14. The abbre-
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viations included in the flow chart are identified by the
following table:

TABLE
AS Approach speed
A Maximum permissible time for performing driving
ability test
AL Alarm
ALSF Alarm stopping front counter
ALSR Alarm stopping rear counter
ALCF Alarm collision front counter
ALCR Alarm collision rear counter
ALFA Alarm stopping front accumulator
ALRA Alarm stopping rear accumulator
AM Alarm mode
BD(AS) Braking distance as a function of approaching speed
BF Braking factor
CL Carload or vehicle load
CD Collision distance
CDM “Constant Distance” mode distance
CSF Collision safety factor
DL Daylight/darkness
DD Driving duration
DDHF Dangerous driving hours factor
FADR Front alarms to driving duration ratio

I Counter

ICD Constant Distance Alarm Counter

M Maximum permissible time for checking collision
danger existance in front when at rear there was no
danger last time checked.

MD Measured distance

RMD Rear MD (measured distance)

RADR Rear alarms to driving duration ratio

RV Reverse gear (RV = ‘I’ when reverse)

RT Reaction time

RF Reaction factor

RP Road type

RRT Rear RT (e.g., RRT=RT+3 Standard deviations)

RRF Rear RF (RRF Z1)

RBD Rear BD

RCL Rear CL

RBF Rear BF (RBF Z1)

RST Rear ST (RST Z1)

RSF Rear SF (RSF 1)

Rx Receiving echo

RSD Rear stopping distance

RCSF Rear CSF

SD Stopping distance

SO Sensors output

SK Skidding danger

ST Stopping factor

SF Safety factor

T Time

TFA Total front stopping alarms

TRA Total rear stopping alarms

TO Time over (for the receiver “window-time”)

Tx Transmission command

TRx Time of Rx

TTx Time of Tx

v Vehicle speed

vC Visibility conditions

X Trip number

As shown in the foregoing table, many factors are to
be included in making the various computations. These
factors may be determined for each case in order to
make the appropriate computation for actuating the
collision alarm, and before it the safety alarm, as close as
possible to the actual conditions at the time of driving,
including the driver conditions, vehicle conditions, and
the environmental conditions as described above. The
ALSF and ALSR counters, the ALCF and ALCR
counters, and the ALFA and ALRA accumulators in
the above table, and referred to in the flow charts be-
low, would be provided in the black box 28 which
records all the incidents in which the safety alarm and
collision alarm were actuated, including the time, vehi-
cle speed and vehicle distance for each alarm incident.
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Overall Operation

The overall operation is illustrated in the flow chart
of FIG. 9. Thus, after the system is reset (block 120), all
the parameters are initialized (block 122), and the pulse
transmitters in the front and rear space sensors 8 and 10
are incremented one pulse count (block 124), by incre-
menting the last four bits of the twelve-bit pulse, as
described above with respect to FIG. 8. The pulse is
then transmitted (block 12,5), and the time is measured
until its echo is received within a limited duration
(blocks 128, 130). This time is used for calculating the
approach speed of the vehicle with respect to an object
(block 132). The vehicle speed is then determined, e.g.,
as read from a speed sensor on the vehicle,, or as deter-
mined independently, e.g., by the Doppler effect (block
134). All the parameters as preset by the presettable
keys on the control panel 6, as well as the outputs from
the various sensors as illustrated in FIG. 1, are then read
(block 136), and the computer then determines whether
there is a collision danger, i.e., whether the measured
distance is within the collision-of-danger distance
(block 138). If so, it actuates the alarms; and if not, it
returns to increment and transmit the next pulse (blocks
140 and 142).

Operation of the Calculation Module 90

As indicated earlier, the illustrated system includes
two alarms, namely a Collision alarm which is actuated
whenever the measured distance of the vehicle from an
object is within the danger-of-collision distance as com-
puted by the computer; but before that alarm is actu-
ated, a Safety alarm is first actuated to alert the driver
that the vehicle is approaching the above collision
alarm distance. For example, the safety alarm may be
actuated when the vehicle is determined to be within a
distance which is increased by 25% as compared to the
collision distance, in which case the collision distance is
multiplied by a safety factor of 1.25 to determine the
distance for energizing the safety alarm.

The foregoing is more clearly illustrated in the flow
chart of FIGS. 104, 106 which illustrates the operation
of the calculation module 90.

Thus, the system is first initialized as shown by block
150, and then the various factors concerning the reac-
tion, braking and stopping distances, and other parame-
ters (representing the rear vehicle and driver parame-
ters), that are not presettable from the keyboard, and are
read into the computer as indicated by block 152. The
driving date and hour are then read (block 154), and a
determination is made whether that time is a dangerous
time (e.g., a high-accident rate time, block 156). If so,
safety factors (SF and RSF) are introduced to compen-
sate for this danger time (block 158), before the reaction
time (RT), as well as the other presettable parameters,
including approach speed, braking distance as a func-
tion of approach speed, etc., as shown in box 160, are
introduced.

The system then makes the computations illustrated
(as an example) in block 162 to determine the stopping
distance SD, which is equal to the reaction distance plus
the braking distance multiplied by a stopping factor ST
and a safety factor SF. In the illustrated example, the
stopping distance is the sum of the reaction distance and
the braking distance. The reaction distance is the prod-
uct of the reaction time, visibility condition, daylight
condition, reaction factor and speed; and the braking
distance is the product of the braking distance (as sup-
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plied by the manufacturer), road type, skidding danger,
vehicle load and braking factor. The stopping distance
(SD) includes further safety factors, and determines
when the safety alarm will be actuated to first alert the
driver of an approaching collision danger.

A determination is also made of the collision distance
CD which is equal to the stopping distance SD divided
by the collision safety factor CSF, e.g., 1.25 in the exam-
ple illustrated above, such that should the distance be-
tween the vehicle and the object come within the colli-
sion distance CD, the collision alarm is then actuated.

The foregoing calculations of stopping distance SD
and collision distance CD with respect to objects at the
front of the vehicle are also made with respect to ob-
jects at the rear of the vehicle, these calculations being
RSD and RCD, respectively, also shown in block 162.

Whenever the distance between the vehicle and an
object to the front of the vehicle or to the rear of the
vehicle comes within the stopping distance SD and the
collision distance CD, the system operates according to
the deceleration alarm module 93, as indicated by block
164.

Operation of Deceleration Alarm Module 93

The function of this module is to actuate the safety
alarm or collision alarm, and also the brake light, at the
proper time, and also to record the events within the
black box 128. The operation of this module is more
particularly illustrated in FIG.11z-114.

After the system initializes (block 200), it checks to
see whether the Alarm mode or the Constant Distance
mode has been preset (block 202). If the Constant Dis-
tance mode has been preset, it continuously checks to
determine whether the measured distance is less than
the preset constant distance, and if so, it actuates the
alarm (blocks 203-207); at the same time, it also incre-
ments the constant distance alarm counter (block 206) in
the black box 28.

If the system is in the Collision Danger mode, it con-
tinuously compares the measured distance with the
computed stopping distance, and whenever the mea-
sured distance is equal to or less than the computed
stopping distance, it actuates the alarm; at the same
time, it increments an alarm counter (ALSF) and also
records the time, distance and speed in the black box
(blocks 208-211).

The above operations are repeated with respect to the
rear measured distance (blocks 212-217). During these
operations, the system also checks to determine
whether the vehicle is driving in reverse, and if so, the
reverse stopping distance (RSD) is considered to be the
stopping distance (SD), as shown by blocks 213, 214.

This information is also recorded in the black box
(block 217). During this operation, the system also
checks to see whether there was a problem with the
front (block 218); if not, it repeats the foregoing opera-
tions (starting with block 208). If, however, there was a
problem at the front, the system compares the measured
distance with the collision distance (blocks 219, 220). If
there is a collision danger, the Collision alarm is actu-
ated (block 221); at the same time, the Collision alarm
counter in the black box is incremented (block 222), and
the time, distance and speed of the vehicle are recorded
in the black box (block 223). If the system is included in
an anti-collision system for trains, then the actuation of
the collision alarm would also be accompanied by the
actuation of the braking system of the train (block 221).
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Where the measured distance was greater than the
collision distance, the system monitors the measured
distance now with the stopping distance and if it is
greater than the stopping distance, the value in counter
ALSF is accumulated in accumulator ALFA, and then
the counter is reset to zero (blocks 224-227). The sys-
tem then returns to the beginning of the loop, point C.

Whenever the measured distance is equal to or less
than the stopping distance (block 225), the system incre-
ments the alarm stopping front counter (block 228),
records the time, distance and speed in the black box,
and also actuates the safety alarm (block 229).

The system also checks to see whether there had been
a problem with the rear the last time this had been
checked; if so (i.e., ALSR not equal to zero), the system
proceeds to point E. As will be described more particu-
larly below, point E checks to determine whether there
is a rear collision danger.

If there had not been a problem with the rear the last
time it was checked, and the last time it was checked is
less than a predetermined maximum time (blocks
231,232), the system again checks to determine whether
there is a collision danger in the front (point D); but if
the maximum time was exceeded, it then returns to the
beginning of the loop (point C).

When it was determined that there is a problem with
the stopping distance which actuated the Safety alarm
(block 215) or that there was a problem with the stop-
ping distance at the rear (block 230), the system checks
whether there is a Collision danger at the rear (block
233). If the vehicle is being driven in reverse (block 234)
it considers the computed rear collision distance to be
the same as the front collision distance (block 235), and
then checks to determine whether the measured rear
distance is equal to or less than the computed rear colli-
sion distance (block 236). If there is a danger of collision
(block 237), the Collision alarm is actuated, etc. (as
described above with respect to point F).

If there is no danger of a rear collision, a check is
again made to determine whether the vehicle is in re-
verse, and if so, the computed Rear stopping distance is
considered to be the same as the front stopping distance
(blocks 239, 240). The system then checks to determine
whether the rear measured distance is equal to or less
than the computed rear stopping distance (block 241). If
the rear measured distance is greater than the computed
rear stopping distance (block 241), the value in counter
ALSR is introduced into accumulator ALRA, counter
ALSR is reset to zero, and the system then returns to
the beginning of the loop, point C.

If, however, the rear measured distance is equal to or
less than the computed stopping distance, the Safety
alarm and the brake light are actuated, and the same
operations are repeated with respect to the information
stored in the black box as described above (blocks
242-244). The system then checks to determine whether
there had not been a previous problem with the front
stopping distance, and whether the last check had been
within a previous time interval. If so, it returns to check
the collision danger from the rear; but if not, it returns
to the beginning of the loop at point C, or continues to
check the front collision danger (point D) if there was a
problem at the front (i.e., ALSF is not equal to “0”).

Operation of the Switches/Sensors Module 92

FIGS. 124, 12b, are a flow chart illustrating the oper-
ation of the switches/sensors output data module 92.
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During this operation, the system first reads the pre-
settable parameters according to the settings of the
reaction time key 30 (block 300), the carload-trailer key
32 (block 302), the skidding danger key 324 (block 304),
the visibility condition key 36 (block 306), the road type
key 38 (block 308), the daylight key 40 (block 310), the
Alarm mode key 42 (block 312), and the constant dis-
tance key 44 (block 314). The system also reads the
position of the reverse gear sensor output schematically
shown at 22 in FIG. 1 (block 316), reads or calculates
the car speed (block 318), reads the front and rear car
distances (block 320), and reads the clock time (block
322). The foregoing parameters are displayed by actuat-
ing the clock display 52, the distance displays 46, 48, the
speed display 50, and the key display 30, etc. (block
324). If no change is made in these settings, the system
continues to read or calculate the car speed, etc., until a
change occurs, at which time the system begins the loop
at point A.

Operation of the Black Box Module 94

As indicated earlier, the black box (28, FIG. 1) main-
tains a record of all incidents during which the safety
alarm and collision alarm were actuated, recording the
time, speed and relative distance between the vehicle
and object for each such occurrence. This record is
accumulated within the black box and may be read out
at any desired time, e.g., by operators of taxicabs, buses,
trucks, trains or aircraft, to provide a record of what
occurred during the vehicle trip. This information can
be recorded for a predetermined number of trips.

The flow chart of FIGS. 134, 135 more particularly
illustrates the operation of the black box module 94,
wherein it will be seen that a record is made with the
driving duration at all times in which the vehicle is
moving during the current trip (block 350), during
which the various accumulators (ALFA and ALRA),
and counters (ALSF and ALSR) are recorded (block
352) and accumulated (block 354). These are used to
calculate the total number of front stopping alarms and
the ratio thereof to the driving duration, and may be
displayed at any time when requested (e.g., by using the
blackbox alarm data menu 78 illustrated in FIG. 4,
blocks 356, 358 and 360). In the same way, the total
collision alarms may be calculated and the ratio thereof
to the driving duration.

In the case of trains or aircraft where the vehicle itself
was automatically controlled, e.g., automatic actuation
of the brakes in a train, this is also displayed (block 362
)-

Operation of Driving Ability Test Module 95

FIG. 2 illustrates one form of driving ability test, at
60, and FIG. 5 illustrates a more complicated driving
ability test that may be used to determine the fitness of
the driver to operate the vehicle. The result of this test
may be used as one of the parameters indicating the
condition of a driver to be used in calculating the colli-
sion distance before either the collision alarm or the
safety alarm is actuated. The results of this test may also
be used to disable the operation of the vehicle unless
and until the driver has successfully passed the test. The
latter operation is more particularly illustrated in the
flow chart of FIGS. 14¢-144d.

Thus, as shown in FIG. 144, a counter I, which accu-
mulates the number of attempts by the driver to pass the
test, is first initialized (block 370), and then a predeter-
mined number A, representing the maximum permissi-

—

0

20

25

30

35

40

45

50

55

60

65

16

ble time to perform the test, is read (block 371). With
respect to the more complicated device illustrated in
FIG. 5, the random values in the horizontal display 82,
vertical display 83, and first/last (F/L) display 84, are
then read into the system (block 373); these set forth the
sequences and directions in which keys 81 are to be
depressed and the number of times in each sequence
they are to be depressed.

The driver then depresses the Start/Stop key 85, and
then executes the test depressing the keys 81 according
to the random displays 82, 83 and 84, and as soon as this
has been completed, the Start/Stop key 85 is again
depressed. These operations are indicated by blocks
374-381 in FIG. 14. Following this, a determination is
made whether the keys were depressed in the right
order and in the correct number of times as displayed
(block 382), and within the maximum permissible time
allowed (blocks 383, 384). If so, the test was satisfacto-
rily passed, and the operation of the vehicle is enabled
(blocks 385 and 386).

On the other hand, if the test was not satisfactorily
passed, either because the keys were not properly de-
pressed or the specified time limit was exceeded, the
FAIL display 88 is energized. The system permits the
operator to make another attempt by depressing the
reset key 86 provided the maximum number of attempts
had not been exceeded, e.g., ten attempts (blocks
388-393). If the driver failed the test a prescribed num-
ber of times, the vehicle is disabled for a prescribed
period (e.g., thirty minutes) before the driver can again
attempt to pass the test.

Some Variations

FIGS. 15 and 16 illustrate two further variations that
may be made in the control panel.

FIG. 15 illustrates a control panel which is the same
as in FIG. 2, except for the following changes.

One change is that three further parameters may be
preset into the system, to be taken into consideration in
computing the collision distance and safety distance.
Thus, in addition to the other presettable parameters as
illustrated in FIG. 2, the control panel shown in FIG. 15
includes an additional group of keys 400 for presetting
the tire pressure (which parameter could also be auto-
matically sensed by a sensor), keys 402 for presetting
the road condition, and keys 404 for presetting whether
the vehicle is being driven in an urban area or on a high
speed highway (e.g., a freeway or toll road).

Another change included in the control panel illus-
trated in FIG. 15 is that it includes a depressible key 405
marked DTAD, standing for Dense Traffic Alarm Dis-
able. Thus, this key may be depressed by the driver
when driving in 2 dense area and, if depressed, would be
effective to disable the alarm whenever the distance to
another object is less than a predetermined minimum
distance, or whenever the speed of the vehicle is less
than a predetermined minimum speed, or whenever the
product of the above two factors is less than a predeter-
mined minimum value.

The control panel illustrated in FIG. 16 is particu-
larly useful for trains, since it also includes a set of keys
410 indicating many different load levels, e.g., corre-
sponding to the number of cars in the train.

In all other respects, the control panels illustrated in
FIGS. 15 and 16 may be substantially the same as de-
scribed above.

While the invention has been described with respect
to several preferred embodiments, it will be appreciated
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that these are set forth merely for purposes of example,
and that the invention, or various aspects of the inven-
tion, may be advantageously used with other modifica-
tions or in other applications.

What is claimed is:

1. An anti-collision system for moving vehicles, com-
prising:

means for determining the speed of a moving vehicle;

means for measuring the distance of the moving vehi-
cle from an object;

a computer for receiving a number of parameters,
including the speed of the vehicle, and for comput-
ing from said parameters a danger-of-collision dis-
tance to said object;

and a collision alarm actuated by said computer when
the measured distance of said object is equal to or
less than said danger-of-collision distance com-
puted by the computer;

characterized in that said system also includes a con-
trol panel having parameter presetting means for
presetting preselected parameters which are uti-
lized by said computer for computing said danger-
of-collision distance to said object;

said preselected parameters including at least one
vehicle parameter concerning a preselected condi-
tion of the vehicle, and at least one environmental
parameter concerning a preselected condition of
the environment.

2. The system according to claim 1, wherein the sys-
tem also includes a safety alarm actuated by said com-
puter, before actuating said collision alarm, when said
measured distance is equal to or less than said danger-
of-collision distance multiplied by a predetermined
safety factor.

3. The system according to claim 2, wherein said
control panel also includes distance presetting means
for presetting a selected fixed distance from said object,
said computer being effective to actuate one of said
alarms when the distance to said object is equal to or
less than said fixed distance.

4. The system according to claim 1, wherein said
preselected parameters further include:

at least one driver parameter concerning a prese-
lected condition of the vehicle driver.

5. The system according to claim 4, wherein said
driver parameter includes a selected one of a plurality
of relative reaction times of the vehicle driver.

6. The system according to claim 1, wherein said
vehicle parameter includes a selected one of a plurality
of relative load conditions of the vehicle.

7. The system according to claim 1, wherein said
environmental parameter includes a selected parameter
indicative of the danger of the road to skidding.

8. The system according to claim 1, wherein said
environmental parameter includes a selected parameter
indicative of the visibility condition at the time of driv-
ing.

9. The system according to claim 1, wherein said
environmental parameter includes a selected parameter
indicative of the type of road over which the vehicle is
travelling.

10. The system according to claim 1, wherein said
environmental parameter includes a selected parameter
indicative of whether or not it is daylight at the time of
driving.

11. The system according to claims 1, wherein said
presetting means includes a plurality of depressible keys
on said control panel.
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12. The system according to claim 1, wherein said
vehicle includes a brake light indicator which is auto-
matically actuated when said collision alarm is actuated.

13. The system according to claim 2, wherein said
vehicle includes a brake light indicator which is auto-
matically actuated when said safety alarm is actuated.

14. The system according to claim 1, wherein said
control panel includes presettable means for disabling
said collision alarm when said measure distance, said
determined speed, or the product of said measured dis-
tance and said determined speed is less than a predeter-
mined minimum.

15. The system according to claim 1, further includ-
ing a plurality of condition sensors for sensing any one
of a plurality of, said selected conditions, and for auto-
matically feeding to said computer information with
respect to said sensed conditions, said information also
being utilized by the computer for computing said dan-
ger-of-collision distance to said object.

16. The system according to claim 15, wherein said
condition sensors include a condition-of-driver sensor,
comprising:

a plurality of depressible keys including a start key

and further keys;

means effective upon depressing the start key for
displaying a random sequence in which said further
keys are to be depressed;

and means for comparing the actual sequence in
which said further keys are depressed with said
displayed random sequence to provide a condition-
of-driver parameter, which said condition-of-
driver parameter is also utilized by the computer
for enabling or disabling vehicle operation or for
computing said danger-of-collision distance to said
object.

17. The system according to claim 1, wherein said
system further includes a sealed recording device which
records all incidents in which said computer actuated
said alarm including the time, speed and relative dis-
tance between the vehicle and said object for each inci-
dent.

18. The system according to claim 1, wherein said
system further includes an actuator for automatically
actuating a mechanical system of the vehicle at the time
said collision alarm is actuated.

19. An anti-collision system for moving vehicles,
comprising:

means for determining the speed of a moving vehicle;

means for measuring the distance of the moving vehi-
cle from an object;

a computer for receiving a number of parameters,
including the speed of the vehicle, and for comput-
ing from said parameters a danger-of-collision dis-
tance to said object;

and a collision alarm actuated by said computer when
the measured distance of said object is equal to or
less than said danger-of-collision distance com-
puted by the computer;

characterized in that said system also includes a con-
trol panel having parameter presetting means for
presetting preselected parameters which are uti-
lized by said computer for computing said danger-
of-collision distance to said object;

said preselected parameters including at least one
vehicle parameter concerning the load carried by
the vehicle, and at least one driver parameter con-
cerning a preselected condition of the vehicle
driver.
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20. An anti-collision system for moving vehicles,

comprising:

means for determining the speed of a moving vehicle;

means for measuring the distance of the moving vehi-
cle from an object;

a computer for receiving a number of parameters,
including the speed of the vehicle, and for comput-
ing from said parameters a danger-of-collision dis-
tance to said object;

and a collision alarm actuated by said computer when
the measured distance of said object is equal to or
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less than said danger-of-collision distance com-
puted by the computer;

characterized in that said system also includes a con-
trol panel having parameter presetting means for
presetting preselected parameters which are uti-
lized by said computer for computing said danger-
of-collision distance to said object;

said preselected parameters including at least one
driver parameter concerning a preselected condi-
tion of the vehicle driver, and at least one environ-
mental parameter concerning a preselected condi-

tion of the environment.
* * * * *
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FUEL INJECTION CONTROL SYSTEM FOR AN
INTERNAL COMBUSTION ENGINE OF A
VEHICLE

This invention relates in general to a fuel injection
control system for an internal combustion engine of a
vehicle, and particularly to a fuel injection control sys-
tem controlling the number of cylinders to which fuel is
injected, and more particularly to such a fuel injection
control system for use with a conventional electronic
type of automatic transmission system.

Certain electronic types of automatic transmission
systems have been proposed which are disclosed for
example in U.S. Pat. Nos. 2,995,949 and 3,052,134
However, when these conventional automatic transmis-
sion systems are employed together with a fuel injection
control system for controlling the number of cylinders
to which fuel is injected, the following disadvantage
can be pointed out. That is, when employing such a fuel
injection control system, the number of the cylinders to
which fuel is injected is determined such that manifold
absolute pressure becomes generally within the range
from 100 to 150 mmHg in order to attain fuel economy
or decrease fuel consumption. Therefore, the opening
degree of a throttle is adjusted to maintain the above
described manifold absolute pressure. On the other
hand, the shifting of gear ratios in the automatic trans-
mission system is determined depending upon vehicle
velocity and also a suitable engine operating parameter.
However, when the fuel injection control system is
employed together with the automatic transmission
system, the opening degree of the throttle or the mani-
fold absolute pressure is used as the engine operating
parameter. In this instance, however, the opening de-
gree of the throttle or the manifold absolute pressure is
not preferable because it is no longer a proper parame-
ter for controlling the shifting of gear ratios. This is
because the opening degree of the throttle is always
controlled to maintain the manifold absolute pressure
within the above described range. Therefore, if the
opening degree of the throttle or the manifold absolute
pressure is used as a parameter without any compensa-
tion, a gear ratio change is liable to take a lower position
than intended. For example, even if a second gear ratio
is desirable from a viewpoint of fuel economy, gears are
shifted into the first gear ratio for reducing engine
torque. This contravenes the concept of the aforemen-
tioned fuel injection control system, reducing the fuel -
conomy.

The present invention therefore contemplates an im-
proved fuel injection control system, which controls
the number of cylinders to which fuel is injected, in
order to remove the above described defect.

In accordance with the present invention, an im-
proved fuel injection control system for use with an
electronic type of automatic transmission system for an
internal combustion engine of a vehicle comprises in
combination: a plurality of injection means respectively
provided at corresponding cylinders of the engine; a
first sensor for sensing the opening degree of a throttle
or a manifold absolute pressure to generate a signal
representative thereof; a second sensor for sensing vehi-
cle velocity to generate a signal representative thereof,
which second sensor is connected to a transmission
control unit of the automatic transmission system to
supply the same with the signal; a control unit con-
nected to said first and said second sensor receiving the
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2
signals therefrom for determining the number of cylin-
ders to which fuel is injected, and controlling the plural-
ity of injection means connected thereto; and compen-
sating means connected to the first sensor for receiving
the signal therefrom and also connected to the control
unit of the fuel injection control system for receiving a
signal representative of the number of the cylinders to
which fuel is injected, and generating a signal represen-
tative of the opening degree of the throttle under the
condition that fuel is injected to all of the cylinders,
regardless of the cylinders to which fuel is actually
injected, said compensating means being connected to
the transmission control unit for supplying the same
with the signal therefrom, whereby the transmission
control unit determines a proper shifting of gear ratios
based on the signals from both the compensating means
and from the second sensor.

It is therefore an object of the present invention to
remove the above described defect by providing an
improved compensating means in order to properly
control a control unit of an automatic transmission sys-
tem of an electronic type, which transmission system is
used with a fuel injection control system for controlling
the number of cylinders to which fuel is injected.

This and other objects, features and many of the
attendant advantages of this invention will be appreci-
ated more readily as it becomes better understood by
reference to the following detailed description, when
considered in connection with the accompanying draw-
ings, wherein like parts in each of the several figures are
identified by the same reference characters, and
wherein:

FIG. 1 is a schematic diagram of the present inven-
tion; and

FIG. 2 is a detailed illustration of a unit in FIG. 1 in
conjunction with its pheripheral units for better under-
standing of the present invention.

Reference is now made to the accompanying draw-
ings, first to FIG. 1, which illustrates a schematic block
diagram of a preferred embodiment of the present in-
vention. A fuel injection control unit § feeds a control
signal to a control unit 4, which control signal repre-
sents an optimum quantity of fuel to effectively operate
an internal combustion engine (not shown) of a vehicle.
In the followings, detailed description of the fuel injec-
tion control unit 5 will be omitted because the present
invention is not concerned therewith. The control unit
4 determines the number of cylinders to which fuel is
injected, and controls fuel injection through a plurality
of fuel injection valves 3 which are respectively posi-
tioned on the cylinders. The determination of the num-
ber of the cylinders to which fuel is injected is per-
formed based on signals from a throttle opening sensor
1 and a vehicle velocity sensor 2. The throttle opening
sensor 1 is connected to the control unit 4 and converts
the opening degree of the throttle into a proportional
electrical signal. As to the vehicle velocity sensor 2,
which is also connected to the control unit 4, a conven-
tional speedometer is available. With this arrangement,
when the signal from the vehicle velocity sensor 2 ex-
ceeds a predetermined level and at the same time the
signal from the throttle opening sensor 1 falls below
another predetermined level, the control unit 4 deter-
mines the number of cylinders to which fuel is actually
injected based on the two signals applied and stops
injection of fuel to specified one or more cylinders.
Under this circumstance, in order to maintain the origi-
nal engine operating condition, the vehicle driver



4,061,055

3

should depress the accelerator pedal (not shown) more
to open the throttle more. Therefore, the opening de-
gree of the throttle is changed to a desirable value
where fuel consu.mption is desirably decreased and the
engine is runmng efficiently.

An engine operating parameter changmg unit or
compensating means 6 receives the signal from the
throttle opening sensor 1 and also the signal from the
control unit 4. The signal from the control unit 4 repre-
sents the number of the cylinders to which fuel is not
injected. Then, the compensating means 6 feeds an elec-
trical signal to a transmission control unit 7. The signal
from the compensating means 6 represents the opening
degree of the throttle when fuel is injected to all of the
cylinders, regardless of the number of the cylinders to
which fuel is actually injected. This means that the
transmission control unit 7 is not affected by the provi-
sion of the control unit 4 which controls the number of
fuel-injected cylinders for maintaining the manifold
absolute pressure within the range from 100 to 150
mmHg as previously referred to. Thus, the transmission
control unit 7 can properly cntrol the automatic shifting
of gear ratios in the transmission.

In the above, the signal from the control unit 4 can be
changed to represent the number of the cylinders to
which fuel is actually injected, and the throttle opening
sensor 1 can be replaced by a sensor for sensmg a mani-
fold absolute pressure.

FIG. 2 illustrates a detailed circuit of the engine oper-
ating parameter changing unit or the compensating
means 6 together with its peripheral units 1, 4 and 7.
Suitable resistors 15, 16 and 17 are respectively con-
nected in series with suitable electronic switches 18, 19
and 20, and these three series circuits are then con-
nected in parallel with one another as shown. The
switches 18, 19 and 20 are connected to the control unit
4 and controlled by the signal therefrom such that one
of the switches is energized or closed in order that the
compensating means 6 generates a signal which repre-
sents the condition where fuel is injected to all of the
cylinders. An operational amplifier 22 is connected at its
input terminal to a junction 21 and at its output terminal
to a resistor 24. A feedback resistor 23 is connected
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across the operational amplifier 22. A capacitor 25 is -

connected between one terminal of the resistor 24 and
the ground forming a smoothing circuit together with
the resistor 24. A junction 26 between the resistor 24
and the capacitor 25 is connected to the transmission
control unit 7.

In operation, when fuel is actually injected to all of
the cylinders, a signal is fed to the switch 18 from the
control unit 4 through a conducting line 10 to close the
same with the switches 19 and 20 open, so that the
signal from the throttle opening sensor 1 is applied
through the resistor 15 and the switch 18 to the opera-
tional amplifier 22. As is well known, the amplification
degree of the amplifier 22 is determined by the resis-
tance ratio of the resistor 23 to resistor 15. Therefore,
when the resistances of the resistors 15 and 23 are made
equal to each other, the signal from the sensor 1 is tran-
ferred unchanged in its magnitude to the transmission
control unit 7.

On the other hand, when fuel is not injected to one of
the cylinders, the signal from the control unit 4 is fed
through line 11 to the switch 19 closing the same with
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the other switches 18 and 20 open. Therefore, the signal

from the sensor 1 is fed to the operational amplifier 22
through the resistor 16 and the switch 19. In this case,

4
the resistance ratio of the resistor 23 to resistor 16 is
determined such that the magnitude of the signal fed to
the unit 7 represents the condition where fuel is injected
to all of the cylinders. Therefore, the transmission con-
trol unit 7 receives the signal the magnitude of which is
equal to that of the first mentioned signal.

Whilst, when fuel is not injected to two cylinders, the
signal from the control unit 4 is fed through line 12 to
the switch 20 closing the same with the other switches
18 and 19 opened. As a result, the signal from the sensor
1is fed to the operational amplifier 22 through the resis-
tor 16 and the switch 20. In this case, like in the second
mentioned one, the resistance ratio of the resistor 23 to
resistor 17 is determined such that the magnitude of the
signal fed to the unit 7 represents the condition where
fuel is injected to all of the cylinders. Therefore, the
transmission control unit 7 receives the signal the mag-
nitude of which is equal to that of the first mentioned
signal.

The integration circuit consisting of the resistor 24
and the capacitor 25 serves to smooth an abrupt change
of the output signal from the amplifier 22 when the
number of the fuel-injected cylinders changes. The
provision of the integration circuit is preferable to pre-
cisely determine a proper shifting of gear ratios.

In the above, as aforementioned, the signal fed from
the control unit 4 to the switches 18, 19 and 20 can be
changed to represent the number of the cylinders to
which fuel is actually injected.

It is apparent from the foregoing that, in accordance
with the present invention, the fuel injection control
system, which controls the number of the cylinders to
which fuel is injected, properly operates together with
a conventional electronic control type of automatic
transmission system by merely providing the engine
operating parameter changing unit or the compensating
means 6. Thus, fuel economy can be achieved in com-
parison with the absence of the compensating means 6.

What is claimed is:

1. A fuel injection control system for use with an
electronic type of automatic transmission system for an
internal combustion engine of a vehicle, said electronic
automatic transmission system including a transmission
control unit for generating a signal representative of a
proper shifting of gears,

said fuel injection control system comprising in com-
bination:

a plurality of injection means respectively provided
at corresponding cylinders of the engine;

a first sensor for sensing the opening degree of a
throttle to generate a signal representative thereof;

a second sensor for sensing vehicle velocity to gener-
ate a signal representative thereof, which second
sensor is connected to said transmission control
unit supplying the same with the signal;

a control unit connected to said first and said second
sensor receiving the signals therefrom for deter-
mining the number of cylinders to which fuel is
injected, and controlling said plurality of injection
means connected thereto; and

compensating means connected to said first sensor for
receiving the signal therefrom and also connected
to said control unit for receiving a signal represen-
tative of the number of the cylinders to which fuel
is injected, and generating a signal representative
of the opening degree of the throttle under the
condition that fuel is injected to all of the cylinders,
regardless of the number of the cylinders to which
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fuel is actually injected, said compensating means
connected to said transmission control unit for
supplying the same with the signal therefrom,
whereby said transmission control unit determines
the proper shifting of gear ratios based on the sig-
nals from said compensating means and said second
sensor.

2. A fuel injection control system claimed in claim 1,
in which said compensating means comprises:

an amplifier;

an input circuit connected between the input terminal

of said amplifier and said first sensor and also con-
nected to said control unit of said fuel injection
control system, said input circuit changing the
amplification degree of said amplifier in accor-
dance with the signal from said control unit so that
said amplifier generates the signal representative of
the opening degree of the throttle under the condi-
tion that fuel is injected to all of the cylinders.

3. A fuel injection control system claimed in claim 2,
in which said input circuit includes a plurality of series
circuits which are connected in parallel with one an-
other and each of which consists of an electronic switch
and a resistor, the resistance of each of the resistors
being different from one another and determined to
properly change the amplification degree of said ampli-
fier, and each of the electronic switches being con-
trolled by the signal from said control unit to electri-
cally connect one of the series circuits between the
input terminal of said amplifier and said first sensor.

4. A fuel injection control system claimed in claim 2,
in which said amplifier is an operational amplifier across
of which a feedback resistor is connected.

5. A fuel injection control system claimed in claim 3,
in which said compensating means further comprises a
smoothing circuit including a resistor and a capacitor.

6. A fuel injection control system for use with an
electronic type of automatic transmission system for an
internal combustion engine of a vehicle, said electronic
automatic transmission system including a transmission
control unit for generating a signal repesentative of a
proper shifting of gear ratios,

said fuel injection control system comprising in com-

bination:

a plurality of injection means respectively provided

at corresponding cylinders of the engine;

a first sensor for sensing manifold absolute pressure to

generate a signal representative thereof;

a second sensor for sensing vehicle velocity to gener-

ate a signal representative thereof, which second
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sensor is connected to said transmission control
unit supplying the same with the signal;

a control unit connected to said first and said second
sensor receiving the signals therefrom for deter-
mining the number of cylinders to which fuel is
injected, and controlling said plurality of injection
means connected thereto; and

compensating means connected to said first sensor for
receiving the signal therefrom and also connected
to said control unit for receiving a signal represen-
tative of the number of the cylinders to which fuel
is injected, and generating a signal representative
of manifold absolute pressure under the condition
that fuel is injected to all of the cylinders, regard-
less of the number of the cylinders to which fuel is
actually injected, said compensating means con-
nected to said transmission control unit for supply-
ing the same with the signal therefrom, whereby
said transmission control unit determines the
proper shifting of gear ratios based on the signals
from said compensating means and said second
sensor. :

7. A fuel injection control system claimed in claim 6,

in which said compensating means comprises:

an amplifier; :

an input circuit connected between the input terminal
of said amplifier and said first sensor and also connected
to said control unit of said fuel injection control system,
said input circuit changing the amplification degree of
said amplifier in accordance with the signal from said
control unit so that said amplifier generates the signal
representative of the manifold absolute pressure under
the condition that fuel is injected to all of the cylinders.

8. A fuel injection control system claimed in claim 7,
in which said input circuit includes a plurality of series
circuits which are connected in parallel with one an-
other and each of which consists of an electronic switch
and a resistor, the resistance of each of the resistors
being different from one another and determined to
properly change the amplification degree of said ampli-
fier, and each of the electronic switches being con-
trolled by the signal from said control unit to electri-
cally connect one of the series circuits etween the input
terminal of said amplifier and said first sensor.

9. A fuel injection control system claimed in claim 7,
in which said amplifier is an operational amplifier across
of which a feedback resistor is connected.

10. A fuel injection control system claimed in claim 8,
in which said compensating means further comprises a

smoothing circuit including a resistor and a capacitor.
% 3 3 *



EXHIBIT 17

1851



United States Patent (9

Rini et al.

AN AR

US005121324A
(11] Patent Number: 5,121,324

(451 Date of Patent: Jun. 9, 1992

[54] MOTOR VEHICLE MAGAGEMENT AND
CONTROL SYSTEM INCLUDING
SOLENOID ACTUATED FUEL INJECTION
TIMING CONTROL

[75] Inventors: Guy T. Rini; Oldrich S. Kolarik;
James E. Marsden, all of
Hagerstown, Md.; June M. Warner,
Lovettsville, Va.; Ramin Younessi;
Dolyn P. Ruffner, both of
Hagerstown, Md.; Stephen W.
Heffner, Chambersburg, Pa.

[73] Assignee: Mack Trucks, Inc., Allentown, Pa.
[21] Appl. No.: 454,269
[22] Filed: Dec. 21, 1989

[51] Imt. ClS ... GO6G 15/50; FO2D 31/00;
FO02M 59/20

[52] US. Cl e 364/431.05; 123/500;
123/349; 123/351; 364/426.04; 364/431.07

[58] Field of Search ...................... 364/431.01, 431.03,
364/431.04, 431.05, 431.07, 424.1, 424.01,

426.04; 123/500-503, 357, 349, 350, 351

[56] References Cited
U.S. PATENT DOCUMENTS
3,603,112 9/1971 S0la .o 464/2
3,628,889 12/1971 Kobayashi et al. ................. 123/502

100!
EPROM {~-1003
MICRO-
PROCESSOR EEPROM [~1004 FUEL REQUEST SIGNAL |~1I

RAM 1005 — TACHOMETER SIGNAL

il 1o3puLse SPEEDOMETER SIGNAL

OUTPUTS FAULT LAMP |~- 109
v ARM}~107
105~ CURRENT DRIVER AL ©
UTPUTS | TIMING ACTUATOR SIGNAL J~- 103
OIL PRESSURE SENSOR
101~} ANALOG

INPUTS [MPH SENSOR |
TIMIN! NT SENSOR
1007 PULSE SEVE

INPUTS ENGINE POSITION SENSOR
L—{ DATA LINE }'\—20

1008+ DIGITAL
eyt
JBust
CIRCUIT DATA LINK | TRANSMIT
© RECEIVE

3,815.564 6/1974 Sudaetal. ... 123/502
3,934,430 1/1976 Fuso ....c..cc.... . 123/502 X
4,493,303 1/1985 Thompson et al. .....coenuues 1237357
4,586,480 5/1986 Kobayashi et al. .

4,590,908 5/1986 Yoshinaga et al. . e 1237357
4,787,044 11/1988 Nagata et al. .. 364/431.07
4,809,177 2/1989 Windle et al. . 364/424.01
4,852,011 7/1989 Ueno ...ccoevvvieneriincsccunans 364/431.07

Primary Examiner—Parshotam S. Lall
Assistant Examiner—E. J. Pipala
Attorney, Agent, or Firm—Rothwell, Figg Ernst & Kurz

[57] ABSTRACT

An electronic integrated engine and vehicle manage-
ment and control system includes an electronic vehicle
control module and a fuel injection control module, in
communication with each other, which together con-
trol the total vehicle and engine operation functions of
a heavy duty vehicle. A novel fuel injection timing
device is utilized with the control module to allow
precise and sophisticated control of engine timing based
on a number of engine and vehicle operating parameters
as determined by the control modules. Functions such
as engine speed control, vehicle road speed control,
engine protection shutdown, fuel economy, braking
control and diagnostics are performed by the system.

8 Claims, 8 Drawing Sheets

—+ |
&

-~SPLIED SLEEVE
e TLE
Ny [_ 6

{ -
203 ,7/“';7
15 // ~—{2-OUTER SHAFT
P e
R 9

b

3 _“jL:- G _ Pornts)
FUEL m-m] com.m-nsj R T -
o =
H P PEY -21.
- > a0 Ld

e

1852



U.S. Patent June 9, 1992 Sheet 1 of 8 5,121,324

FUEL DYNATARD® FUEL
SENSORS QUANTITY ENABLE SHUT

SIGNAL SIGNAL -OFF

1 }) 7 <
201 I 203 205 207

FUEL INJECTION
CONTROL MODULE

§

200
20 o EXTERNAL PC

SPEED AND FUEL OR OTHER DATA

QUANTITY DATA :::::::> PROCESSOR

SAE.

DATA LINK

DRIVER [ VEHICLE MANAGEMENT | | FAULT
ALARM AND CONTROL MODULE LAMP.

107 106 109

SPEEDOMETER
AND

TACHOMETER
DATA

] ) f
105 101 103

TIMING

SENSORS ACTUATOR
SIGNAL

FI1G.1

1853



U.S. Patent

June 9, 1992 Sheet 2 of 8 5,121,324

100!
EPROM }—~—1003
MICRO-
PROCESSOR EEPROM|~1004 —IFUEL REQUEST SIGNAL |~iiI
RAM  |—I005 — TACHOMETER SIGNAL |
L o3 puLse —| SPEEDOMETER SIGNAL |
OUTPUTS ——{ FAULT LAMP |~ 109
015-] CURRENT — DRIVER ALARM |~107
OUTPUTS — TIMING ACTUATOR SIGNAL }~- 103
OIL P R R
ol~] ANALOG | [——l RESSURE SENSOR |
INPUTS — MPH SENSOR |
10072 PULSE — TIMING EVENT SENSOR|
INPUTS {ENGINE POSITION SENSOR |
TA LI
1009 DIGITAL DATA LINE j~20
INPUTS [SWITCHES |
"BUSY" o-[sAE | COOLANT LEVEL SENSOR|]
DETECT e
CIRCUIT DATA LINK TRANSMIT
30 RECEIVE
FIG.2

1854



U.S. Patent June 9, 1992 Sheet 3 of 8 5,121,324

20| FUEL RACK
“JACTUATOR =
DRIVE FUEL
SHUT
—OFF
oyNaTARD®D 2010
ENABLE
!
ACCELERATOR 2011
PEDAL POS.
SENSOR 2004
ENGINE SPEED  |~2005 FUEL INJ.
CONTROL
SENSOR MODULE
2002 2003
COOLANT 2006 ¢ {
TEMPERATURE RAM ROM
SENSOR I |
200
FUEL RACK ~2007 {v} (
POSITION MICRO-
SENSOR I PROC.
TORQUE 2008 35 ‘(
LIMITER 2 A l SAE.
SWITCH 0" "bATA LINK

20

SPEED AND FUEL
QUANTITY DATA

(TACH. SIGNAL, FUEL REQUEST
SIGNAL)

FIG.3

1855



U.S. Patent June 9, 1992 Sheet 4 of 8 5,121,324

INJECTION PUMP PISTON
PORT CLOSURE T.D.C.
TIMING EVENT ENGINE POSITION
SENSOR PULSE SENSOR PULSE

Ot —=  MICRO- ENGINE TIMING
RPM—a PROC. DEGREES B.T.DC.

RELATIVE LOCATION OF
ENGINE POSITION PULSE
TO PISTON T.D.C.

FIG.4

1856



5,121,324

Sheet 5 of 8

June 9, 1992

U.S. Patent

auln
Asng

| 31Vv9

y344n4

Gold
43 LNNOO
1353y
1Nd1NO
0070

aulT

A

8A1909Y

¢ 31v9

%9010

1857



5,121,324

Sheet 6 of 8

June 9, 1992

U.S. Patent

[}
o . I N
= I dey

L4YVHS ¥31N0-2; S\ XN

)
L \ L

JA331S A3NINdS-¥

ABW3SSVY

IATVA o_ozu.dow-\.N\

99014

%w_ln_s__x.n_ 13nd

7

!
:

.
2

1858



U.S. Patent

June 9, 1992 Sheet 7 of 8

CRUISE CONTROL ACTIVATED

SERVICE
BRAKE
APP%IED

NO DECELERATION

RATE ) 3PMPH/SEC.

EXIT

FIG.7

RATE >6 _DMPH/ SEC.

ENGINE
FUElslNG

DECELERATION YES | YES

5,121,324

YES

DEACTIVATE
CRUISE CONTROL MODE

1859



U.S. Patent June 9, 1992 Sheet 8 of 8 5,121,324

START

ROAD SPEED
) Lg\AIT

EXIT

RPM / MPH
{ MIN RATIO
P

1

ENABLE NORMAL SET
FUEL QUANTITY FUEL REQUEST
FOR X SEC. =0

FI1G.8

1860



5,121,324

1

MOTOR VEHICLE MAGAGEMENT AND
CONTROL SYSTEM INCLUDING SOLENOID
ACTUATED FUEL INJECTION TIMING
CONTROL

BACKGROUND OF THE INVENTION

This invention relates generally to control systems
for motor vehicles, and more particularly to integrated
electronic motor vehicle management and control sys-
tems specifically useful in heavy duty vehicles such as
trucks, in which various engine and vehicle functions
such as engine timing and speed control, road speed
control, vehicle safety functions, fuel exhaust emissions
monitoring, fuel economy and diagnostic and mainte-
nance functions are performed and monitored by an
integrated microprocessor based control module sys-
tem.

In the past, most engine and vehicle control functions
in heavy duty vehicles were performed mechanically in
response to very simple parameters such as engine
speed. The execution of such functions was thus limited
and optimization in terms of fuel economy, engine per-
formance and engine emissions quantities was not possi-
ble. In addition, certain diagnostic and maintenance
functions were left to human performance and thus such
functions were not necessarily performed optimally or
performed in 2 manner interrelated with the perfor-
mance and parameters of other vehicle functions.

SUMMARY OF THE INVENTION

The present invention provides a management and
control system for a motor vehicle in which engine
speed and timing control and various vehicle functions
such as engine system monitoring, display, diagnostics
and maintenance are controlled by a microprocessor
based electronic control module. The control system is
further provided with programming capability for opti-
mizing control functions with respect to particular vehi-
cle parameters based on the type of vehicle within
which the control system is installed, including such
parameters as engine size and type, tire size and proper-
ties, and carrier ratio.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a block diagram of an electronic vehicle and
engine management and control system according to
one embodiment of the present invention;

FIG. 2 is a detailed block diagram of the vehicle
management and control module of FIG. 1;

FIG. 3 is a detailed block diagram of the fuel injec-
tion control module of FIG. 1;

FIG. 4 is a graphical illustration of the calculation of
engine timing according to a method of the present
invention;

FIG. 5 is a circuit diagram of a detection circuit for
detecting the occurrence of data transmission on a serial
data communication line as illustration in FIG. 2;

FIG. 6 is a cross-sectional view of a novel fuel injec-
tion timing device used in conjunction with the control
module of FIG. 2;

FIG. 7 is a flow chart of a cruise control safety algo-
rithm; and

FIG. 8 is a flow chart of an out-of-gear algorithm for
road speed governing.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 1 is a block diagram of an electronic control
system for a heavy duty vehicle according to one pre-
ferred embodiment of the present invention. The system
is based on two control modules, a vehicle management
and control module 100 and a fuel injection module 200,
interconnected by a serial data communication line 10
which conforms to standards set by the Society of Au-
tomotive Engineers (S.A.E.). The control modules 100
and 200 are also connected by a general data bus 20
through which data relating to engine speed and fuel
quantity are transmitted. The serial data communication
line 10 is also connectable to an external computer such
as a personal computer or equivalent data processing
device, which allows external programming and modi-
fication of data used in the performance of the various
algorithms by the control modules.

The vehicle management control module 100 has
inputs connected to a plurality of sensors 101 which will
be further described in conjunction with FIG. 2. In
response to the sensor signal inputs, the vehicle manage- .
ment control module 100 produces a fuel injection tim-
ing signal 103, speedometer and tachometer data signals
105, a signal to alert an operator of the vehicle of a fault
condition by activating an audible or visual driver alarm
107, signals driving various fault lamps 109 to indicate a
problem with data received by the control module 100,
and appropriate data through communication lines 10
and 20 to the fuel injection control module 200 to coor-
dinate proper fuel injection.

The fuel injection control module 200 has inputs
connected to various sensors 201 to be described in
further detail with reference to FIG. 3, and outputs a
fuel quantity signal 203, a DYNATARD (® enable sig-
nal 205, and a fuel shut-off enable signal 207. The
DYNATARD ®) system converts the operation of the
engine to an air compressor by opening the exhaust
valves near the end of a compression stroke to increase
engine braking. The DYNATARD ® system is acti-
vated by a dashboard toggle switch.

The operation of the vehicle management and control
module 100 will be more clearly understood with refer-
ence to FIG. 2. The vehicle management-and control
module 100 is composed of a microprocessor 1001, a
random access memory 1005, and an EPROM 1003, and
an EEPROM 1004. The inputs to the microprocessor
1001 comprise a number of pulse width modulated
(PWM) inputs 1007, a plurality of digital data inputs
1009, and a plurality of analog inputs 1011. The pulse
inputs include a pulse signal from an mph sensor which
is mounted near the vehicle’s transmission output shaft
so as to provide an electrical pulse each time one of the
teeth of a tone wheel mounted on the transmission out-
put shaft passes the tip of the sensor. The frequency of
the mph sensor output pulses is proportional to the
rotational velocity of the transmission output shaft. The
road speed of the vehicle can thus be calculated by
factoring the number of teeth on the tone wheel, the
gear ratio between the transmission output shaft and the
vehicle axle shaft, and the rolling circumference of the
drive axle tires. These data values can be programmed
into the module memory for each specific type of vehi-
cle in which the system is installed. The timing event
sensor is mounted proximate the fuel injection pump
camshaft of the vehicle engine and generates a pulse
when the fuel injection pump camshaft attains an angu-
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lar position corresponding to port closure or beginning
of fuel injection for a predetermined plunger of the
injection pump. The engine position sensor is mounted
proximate the engine crankshaft and generates a pulse
when the crankshaft attains an angular position related
to top dead center (TDC) of the corresponding piston
of the cylinder to which the plunger is coupled, on its
power stroke. The data line 20 is a pulse width modula-
tion signal line which communicates engine speed and
fuel quantity data to the microprocessor 1001 from the
fuel injection control module 200.

The digital inputs comprise a plurality of switches
including a clutch switch, an engine shutdown override
switch, and speed control switches for cruise control,
engine idle speed, and engine speed control for power
take off (PTO) functions. A coolant level sensor is
mounted within the radiator of the engine and provides
a coolant level signal representing the amount of cool-
ant in the coolant system.

The analog inputs include an oil pressure signal from
an oil pressure sensor mounted within the vehicle
crankcase to measure the oil pressure of the system.

A coolant temperature sensor is also provided in the
coolant system and transmits a serial data signal to the
microprocessor over the SAE data link 10.

The microprocessor also includes a plurality of PWM
outputs 1013 and dc current outputs 1015. The pulse
outputs 1013 include a fuel request signal which is trans-
mitted to the fuel injection control module 200, and
tachometer and speedometer signals which are trans-
mitted to display devices on the vehicle dashboard. The
tachometer signal is also inputted to the fuel injection
control module 200 through the data line 20 to provide
a redundant signal to the fuel injection control module
which is used in the calculation of the amount of fuel to
be injected by the fuel pump.

The current outputs 1015 include outputs to drive a
fault lamp 109 to indicate the presence of a fault in the
control module, a driver alarm 107 which warns the
driver of a problem with the operation of the engine
which requires immediate attention, and a timing actua-
tor signal 103 which is applied to the fuel injection
pump to control the timing of fuel injection into the
cylinders of the engine.

The fuel injection control module 200 is further de-
scribed with reference to FIG. 3. The fuel injection
control module 200 is a commercially available device
obtainable from Robert Bosch, for example. The con-
trol module is a microprocessor based system and in-
cludes basic functional components including a micro-
processor 2001, and random access and read only mem-
ories 2002 and 2003. The microprocessor is connected
via interfaces to the SAE serial data communication
link 10 and the data line 20 to enable communication
with the vehicle management and control module 100
as well as to other various control devices in the vehi-
cle. The control module 200 reads input signals from an
accelerator pedal position sensor 2004, an engine speed
sensor 2005, a coolant temperature sensor 2006, a fuel
rack position sensor 2007, and a torque limiter switch
2008. The accelerator pedal position sensor includes a
potentiometer connected to the accelerator pedal in the
vehicle cab and provides a voltage signal proportional
to the position of the acceleration pedal relative to the
floor of the vehicle cab. The engine speed sensor is
mounted proximate the engine crankshaft and generates
a pulse signal whose frequency is proportional to the
speed of rotation of the engine crankshaft. The coolant
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temperature sensor 2006 provides a digital signal repre-
sentative of engine coolant temperature. The fuel rack
position sensor 2007 provides a voltage signal propor-
tional to the position of the fuel rack of the fuel injection
pump, which relates to the amount of fuel injected dur-
ing each cycle of engine rotation. The torque limiter
switch 2008 is a transmission mounted toggle switch
which is activated by the vehicle operator. In response
to the five input parameters, and supplemental speed-
and fuel quantity data information from the control
module 100, the injection control module 200 deter-
mines the amount of fuel to be supplied by the fuel
injection pump to the engine and generates a fuel rack
actuator drive signal 2009, which is a pulse width modu-
lated signal that controls the position of the fuel rack by
energizing a proportional solenoid. The module 200
produces a signal 2011 which prevents DYNATARD
operation when fuel is being injected into the engine.
The fuel shut-off signal 2010 provides a safety measure
by energizing a solenoid valve to allow fuel to be sup-
plied to the fuel pump. In the case where power is re-
moved from the fuel injection control module, the fuel
shut-off signal 2010 will go low to deenergize the sole- .
noid and cut off the flow of fuel.

The various functions of the vehicle management and
control module 100 will now be described. FIG. 4 illus-
trates a timing diagram for determining the engine tim-
ing. Control module 100 receives a timing event sensor
pulse at time T; which indicates the beginning of fuel
injection to a specified cylinder of the engine. At time
T3, the engine crankshaft reaches an angular position
equal to top dead center (TDC) of the piston in the
specified cylinder. The engine position sensor is config-
ured to produce a pulse at a crankshaft position related
to the top dead center, which is generally longer than
the interval from port closure to top dead center to
allow a more accurate timing measurement to be taken.
The difference in time AT between the reception of the
timing event sensor pulse and the engine position sensor
pulse represents a measure of angular rotation of the
crankshaft in degrees. Since the time between T2 and
T3 is known in advance, the calculation of timing in
degrees before top dead center (BTDC) can be calcu-
lated.

Desired engine timing is based on experimental crite-
ria related to the amount of fuel being injected and the
engine speed in rpm. Desired engine timings as a func-
tion of rpm and fuel quantity are stored in a look up
table in the module memory. Once the desired engine
timing is determined in accordance with the engine
speed calculated from the engine position sensor signal
and the fuel quantity from the fuel injection control
module, the microprocessor determines a change in
current for the injection timing actuator signal 103.
Signal 103 is provided to a solenoid of a fuel injection
timing device which will be described later with refer-
ence to FIG. 6. The change in timing is designed to
reduce the difference between the desired engine timing
and the measured engine timing to zero. The new tim-
ing information is communicated to the fuel injection
control module via the SAE serial data communication
link 10.

Control module 100 constantly monitors engine oil
pressure, engine coolant level and coolant temperature
to determine whether the engine is operating within
prescribed parameter limits. Ranges of oil pressure,
coolant level and coolant temperature have been deter-
mined empirically to indicate engine malfunction.
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These ranges are stored in the control module memory
as either single values for all engine operating condi-
tions, or as functions of engine speed, temperature,
power output, or other operating parameters. Upon
reaching a first limit beyond normal operating parame-
ters, the control module will activate the driver alarm
107 to alert the operator that the engine should be
stopped. If the operator has not shut off the engine in
response to the alarm, and the signal values have
reached a second level beyond normal operating param-
eters, the control module will transmit a fuel request
signal 111 to the fuel injection control module on the
data line 20 that will set the amount of fuel being in-
jected to bring the engine to idle speed, and further
transmits a command on the SAE serial data link 10
directing the fuel injection control module to stop the
engine. A shutdown override switch can be provided
on the vehicle instrument panel which, when activated,
delays the automatic shutdown of the engine by some
preset period of time, such as 30 seconds, to allow the
vehicle operator to move the vehicle safely off the road
before losing engine power.

The control module 100 monitors vehicle road speed
and engine speed in conjunction with information from
various switches indicating application of brakes,
clutch, and switches mounted on the instrument panel,
to maintain vehicle operation within specified limits.
These limits, such as minimum and maximum engine
speeds and maximum vehicle road speed can be pro-
grammed into the control module memory via the SAE
serial data communication link from an external com-
puter such as a PC, which can be interfaced with the
control module through a serial port connector at-
tached to the data communication link 10. If the control
module determines that any modifications are needed to
maintain vehicle and engine operation within the pre-
scribed limits, the fuel quantity required to maintain the
desired operating parameters is calculated and its value
is transmitted as a fuel request signal 111 to the fuel
injection control module, with a confirming signal
being sent via the SAE data communication link 10.

The control module 100 continuously monitors the
validity of all inputs in order to detect invalid input
states. Upon detection of an input being outside an ac-
ceptable range, the control module starts a timer to
allow the state of the input to settle back to normal. If
the invalid condition has not cleared upon timing out of
the timer, a fault condition will be assumed. Upon de-
tection of a fault, the fault lamp 109 will be turned on to
indicate a presence of a fault, and a fault message will be
sent on the SAE data link 10 to advise other devices of
the failure. The normally utilized data for the fault will
be replaced by a “bad data” signal advising other de-
vices to ignore the sensor data. A default value is then
utilized for calculations requiring data from the faulty
Sensor.

The control module 100 also performs a cruise con-
trol function in which an operator can set a predeter-
mined vehicle speed through actuation of a switch on
the instrument panel which will then cause the control
system to adjust fuel injection quantity in order to main-
tain the desired speed.

Since the cruise control function must be disengaged
upon application of the service brakes to maintain safe
operator control of the vehicle, correct operation of the
service brake indication switch is continuously moni-
tored. Referring to FIG. 7, when in the cruise control
mode, the control system monitors the deceleration rate
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of the vehicle by calculating the derivative of the vehi-
cle road speed. If the vehicle decelerates at a rate
greater than or equal to an empirically derived rate
above which it would be impossible to achieve without
the application of service brakes, the cruise control
function will automatically be disabled. However, since
deceleration rates above the derived rate can occur
without application of service brakes in certain condi-
tions, such as application of the engine brake or climb-
ing a grade, the control system of the present invention
monitors the fuel quantity signal to determine whether
fueling of the engine is occurring or not. If, in a cruise
control mode, the engine is fueling to maintain a specific
speed, it would be impossible to experience a decelera-
tion rate greater than the empirically derived rate of 3
mph/sec, unless the service brakes are applied. In this
condition, the cruise control function will be automati-
cally disabled. However, if, in the cruise control mode,
the engine is not being fueled, which would be indica-
tive of climbing a grade, the control system will use a
deceleration rate higher than the derived rate, such as 6
mph/sec without service brake application, to deter-
mine whether the service brake switch has failed.

In the case where the control module detects a vehi-
cle road speed above the preset road speed limit, the
module generates a fuel request signal which causes the
fuel injection control module to stop fueling the engine
to insure that the vehicle operator would not be able to
exceed the stored limit. It is possible, however, for a
loaded vehicle to exceed the stored road speed limit
while going down hill. In such a case, the control mod-
ule would transmit a fuel quantity request signal of zero
to disable any additional increase in vehicle speed. If the
vehicle transmission should jump out of gear and into
neutral at such time, the operator will not be able to fuel
the engine to increase engine speed sufficiently to place
the transmission back into gear. To eliminate such an
occurrence, the control module detects a ratio of engine
speed to vehicle road speed and compares this calcu-
lated ratio with a prestored minimum engine speed to
road speed ratio. FIG. 8 is a flow chart explaining this
operation. The minimum stored ratio is determined
based on the minimum possible engine rotational speed
at the road speed limit. As long as the actual vehicle
speed is above the stored road speed limit and the trans-
mission is in gear, the engine speed-to-vehicle speed
ratio will be above the stored minimum. However, if the
engine speed-to-vehicle speed ratio is below such mini-
mum, the transmission must be out of gear. Upon the
occurrence of such a condition, the road speed limiting
function will be disabled for a specified period of time to
allow the operator to rev up the engine and place the
transmission back into gear.

The control routines of FIGS. 7 and 8 are executed as
part of a larger overall control loop which is continu-
ously repeated by the control module microprocessor.

FIG. 6 is a cross-sectional diagram of a fuel injection
timing device for advancing and retarding the timing of
fuel injection to correspond to the desired engine timing
represented by the timing actuator signal 103 from the
management and control module 100. The fuel injection
timing device consists of a housing 1 enclosing, an annu-
lar outer shaft 2, a cylindrical inner shaft 3, a splined
sleeve 4, and a solenoid valve assembly 27. The housing
1 is mounted on the engine 23. The outer shaft 2 is
driven by a suitable engine gear 21 through a gear 6
which is mounted at the end of the shaft 2 by a screw 7.
The cylindrical inner shaft 3 is coupled to the outer
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shaft 2 by the splined sleeve 4. The sleeve 4 has linear
splines 24 on the inner surface thereof which mesh with
corresponding linear splines on the outer surface of the
inner shaft 3. Splined sleeve 4 also has helical splines 2§
on the outer surface thereof which mesh with corre-
sponding helical splines on the inner surface of the outer
shaft 2. The inner shaft is retained within the outer shaft
in the axial direction by means of a thrust washer 8 and
a screw 9 at one end thereof. The opposite end of the
shaft 3 is coupled to a camshaft of fuel pump 18 through
a splined coupling 19 which is mounted on the fuel
injection pump camshaft. All moving parts of the timing
device are lubricated with engine oil from engine oil
supply 31 through ports 12a and 124 in housing 1, port
15 in shaft 2, and ports 16 and 20 in inner shaft 3. Outer
shaft 2 is axially retained within housing 1 by means of
a shoulder on the shaft and a retaining ring 10.

Solenoid valve assembly 27 is mounted on a top
flange of the housing 1 and consists of a solenoid 29, a
spool valve 30, input port 33, output port 35, and drain
port 34 which is connected to drain port 14. The fuel
injection timing actuator signal 103 is coupled to the
solenoid 29 via current signal lines 32. The spool valve
is shown in a null position which corresponds to a par-
tially energized solenoid, the current required to flow
through the partially energized solenoid being null cur-
rent. At null position, port 33 is partial opened allowing
a minimal amount of oil to flow through ports 33 and 35
to compensate for oil leakage out of work space 28.
When engine timing is to be advanced, an increased
electric current is applied to the solenoid 29 which
moves spool valve 30 to the right which enables in-
creased oil flow through supply port 33, output port 35,
and modulated oil pressure port 13. This allows in-
creased oil flow into work space 28 between a shoulder
of splined sleeve 4 and outer shaft 2 which causes sleeve
4 to move to the left to advance fuel injection timing by
advancing the phase angle between the outer shaft 2 and
the inner shaft 3. When it is desired to retard engine
timing, the fuel injection actuator signal current is re-
duced below the null level which causes solenoid 29 to
move spool valve 30 to the left completely closing sup-
ply port 33 and opening drain port 34. As a result, oil in
work space 28 flows out through parts 13, 35, and 34
into drain port 14, by action of a spring 11 mounted
between piston 26 of sleeve 4 and a spring seat 5 which
biases sleeve 4 to the fully retarded position. Any time
that the solenoid valve returns to the null position, the
sleeve 4 remains in the position where it was last moved.
Two piston seal rings 17a and 175 constitute the only
dynamic seals used in the injection timing device for
sealing the modulated oil pressure in port 13 from the
lubricating oil in ports 12a and 124.

The fuel injection timing device of FIG. 6 allows
engine timing to be controlled by a sophisticated injec-
tion control algorithm implemented by the management
and control module 100 which takes into account nu-
merous operating parameters of the engine and thus
represents a significant improvement over prior art fuel
injection timing devices which were able to control
engine timing as a function of engine speed only.

The invention having been thus described, it will be
obvious to those skilled in the art that the same may be
varied in many ways. Such variations are not to be
considered a departure from the spirit and scope of the
invention, all such modifications are intended to be
included within the scope of the following claims.

What is claimed is:
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~ 1. A management and control system for a motor
vehicle, comprising:
electronic vehicle control means for controlling oper-
ations of the vehicle and an engine mounted within
said vehicle, including
means for receiving a timing event signal represent-
ing the injection of fuel into a specific cylinder of
said engine from a fuel injection pump,
means for receiving an engine position signal repre-
senting a predetermined position of a piston of
said specific cylinder relative to Top Dead Cen-
ter (TDC) occurring after the detection of said
timing event signal,
means for calculating engine timing as a function of
the time difference between said engine position
signal and said timing event signal,
means for calculating engine angular velocity as a
function of the frequency of said engine position
signals,
means for receiving a fuel quantity signal repre-
senting the amount of fuel being injected into the
cylinders of said engine,
means for determining a desired engine timing as a -
function of said engine angular velocity and said
received fuel quantity signal,
means for calculating the difference between said
desired engine timing and said calculated engine
timing,
means for developing a timing advance/retard
signal proportional to said calculated difference
for advancing or retarding the engine timing to
reduce the difference between said desired and
calculated engine timings to zero,
means for receiving an oil pressure signal repre-
senting the amount of engine oil pressure in said
engine,
means for receiving a coolant level signal repre-
senting the amount of engine coolant in said
engine,
means for receiving a coolant temperature signal
representing the temperature of said engine cool-
ant,
means for comparing said oil pressure, coolant
level and coolant temperature signals with
stored signal values indicating engine malfunc-
tion, generating an alarm signal warning an oper-
ator of possible engine damage at a first level of
malfunction, and generating an engine shutdown
signal for stopping operation of said engine at a
second level of malfunction,
means for receiving a signal proportional to vehicle
road speed and calculating the road speed of said
vehicle,
means for storing a maximum vehicle road speed,
means for storing minimum and maximum engine
speeds,
means for comparing said calculated road speed
and engine angular velocity with said stored
road and engine speeds,
means for developing a fuel quantity request signal
for controlling the amount of fuel supplied to
said engine to keep said road and engine speeds
within said stored ranges,
means for calculating the deceleration rate of said
vehicle,
means for receiving a service brake signal repre-
senting application of vehicle service brakes,
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means for comparing said deceleration rate with
said fuel quantity signal in the absence of said
service brake signal and disengaging a cruise
control function when the rate of deceleration
exceeds a first value when fueling, and when the 3
rate of deceleration exceeds a second value
higher than said first value when not fueling,

means for calculating a ratio of engine speed-to-
road speed,

means for storing a minimum engine speed-to road
speed ratio, and

means for comparing said calculated ratio with said
stored ratio, determining that the transmission of
said vehicle has jumped out of gear when said
calculated ratio is less than said stored ratio, and
overriding said fuel quantity request signal,
when said road speed is higher than said stored
maximum road speed;
electronic fuel injection control means for controlling
the injection of fuel into the cylinders of said en-
gine, including
means for receiving an accelerator pedal position
signal representing the position of an accelerator
pedal of said vehicle indicating the road speed
desired by an operator,

means for receiving an engine speed signal repre-
senting the angular velocity of said engine,

means for receiving a fuel rack position signal rep-
resenting the position of a fuel rack on a fuel
injection pump of said engine,

means for receiving said fuel quantity request sig-
nal from said electronic vehicle control means,
and

means for developing a fuel rack actuation signal
for controlling the position of said fuel rack to
adjust the amount of fuel being injected into said
cylinders, in response to the values of said accel-
erator pedal position signal, engine speed signal,
fuel rack position signal, and fuel quantity re-
quest signal;

fuel injection timing means responsive to said timing
advance/retard signal for modifying the timing of
fuel injection into said cylinders relative to piston
position from TDC; and

a serial data communication line interconnecting said
electronic vehicle control means and said elec-
tronic fuel injection control means for transmitting
digital data therebetween.

2. A management and control system for a motor

vehicle according to claim 1, wherein said serial data

communication line conforms to SAE (Society of Auto-
motive Engineers) standards for such communication
lines, said system further comprising:
a detection circuit for detecting the transmission of 55
data on said serial data communication line, includ-
ing
means for generating a clock pulse signal,
counter means for counting said clock pulse signals
up to a predetermined count,

logic means connected to outputs of said counter
means for providing a transmission enable signal
and disabling clock pulse signal input when said
counter means has reached said predetermined
count, and

means for resetting said counter means when said
serial data communication line is transmitting
data.
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3. A management and control system for a motor
vehicle according to claim 1, further comprising:
a serial data connector coupled to said serial data
communication line for interconnecting said serial
data communication line with an external data
processor to enable imputing of said maximum
road speed, said minimum and maximum engine
speeds, and values of other parameters used in
calculations performed by said electronic vehicle
control means.
4. A management and control system for a motor
vehicle according to claim 1, wherein said fuel injection
timing means comprises:
a cylindrical housing;
an annular outer shaft within said housing being
driven by said engine;
a cylindrical inner shaft within said outer shaft being
coupled to a camshaft of said fuel injection pump;
a splined sleeve coupling said outer shaft to said inner
shaft and movable in an axial direction to change
the phase angle of rotation between said outer and
inner shafts; and
sleeve driving means responsive to said timing advan- .
ce/retard signal for driving said splined sleeve in
said axial direction for modifying the timing of fuel
injection to correspond to said desired engine tim-
ing.
S. A management and control system for a motor
vehicle according to claim 4, wherein said sleeve driv-
ing means comprises a solenoid valve assembly includ-
ing a solenoid for receiving said timing advance/retard
signal, a spool valve selectively movable by said sole-
noid when energized by said timing advance/retard
signal, said spool valve controlling the amount of oil
pressure applied to said splined sleeve which in turn
controls the axial position of said splined sleeve relative
to said outer and inner shafts.
6. A management and control system for a motor
vehicle, comprising:
electronic vehicle control means for controlling oper-
ations of the vehicle and an engine mounted within
said vehicle, including
means for receiving a signal proportional to vehicle
road speed and calculating the road speed of said
vehicle,

means for calculating the deceleration rate of said
vehicle,

means for receiving a service brake signal repre-
senting application of vehicle service brakes,
with a fuel quantity signal in the absence of said
service brake signal and disengaging a cruise
control function when the rate of deceleration
exceeds a first value when fueling, and when the
rate of deceleration exceeds a second value
higher than said first value when not fueling,

means for calculating a ratio of engine speed-to-
road speed,

means for storing a minimum engine speed-to road
speed ratio, and

means for comparing said calculated ratio with said
stored ratio, determining that the transmission of
said vehicle has jumped out of gear when said
calculated ratio is less than said stored ratio, and
overriding a fuel quantity request signal, when
said road speed is higher than said stored maxi-
mum road speed.

7. A fuel injection timing device for a fuel injection
pump of an internal combustion engine, comprising:
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a cylindrical housing;

an annular outer shaft within said housing being
driven by said engine;

a cylindrical inner shaft within said outer shaft being
coupled to a camshaft of said fuel injection pump;

a splined sleeve coupling said outer shaft to said inner
shaft and movable in an axial direction to change
the phase angle of rotation between said outer and
inner shafts; and

sleeve driving means responsive to a timing advan-
ce/retard signal for driving said splined sleeve in
said axial direction for modifying the timing of fuel
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injection to correspond to a desired engine timing
represented by said timing advance/retard signal.

8. A fuel injection timing device according to claim 7,
wherein said sleeve driving means comprises a solenoid
valve assembly including a solenoid for receiving said
timing advance/retard signal, a spool valve selectively
movable by said solenoid when energized by said timing
advance/retard signal, said spool valve controlling the
amount of oil pressure applied to said splined sleeve
which in turn controls the axial position of said splined

sleeve relative to said outer and inner shafts.
* * * * *
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[57] ABSTRACT

A warning system for providing an indication when
the fuel consumption of a throttle controlled vehicle
having an internal combustion engine with an intake
manifold exceeds pre-established levels. A vacuum
transducer generates a signal having a magnitude rep-
resenting the instantaneous intake manifold vacuum
level. A vehicle speed transducer generates a speed
signal having a magnitude varying with vehicle speed
which, in combination with a réference signal, estab-
lishes a manifold vacuum trigger level which repre-
sents, at each instantaneous vehicle speed, fuel con-
sumption in excess of a pre-established level for that
speed. A comparator compares ‘the manifold vacuum
trigger level with the vacuum signal and energizes an
indicator when the vacuum signal represents an intake
manifold vacuum level below the manifold vacuum
trigger level so as to provide an indication of fuel con-
sumption in excess of the pre-established level for the
instantaneous vehicle speed.

-2 Claims, 1 Drawing Figure

22 /ﬁ’
5
2
y.
20

i

1868

*

\

b




U.S. Patent Dec. 9, 1975 3,925,753

22 4

\

AR

[

VACUUM
TRANSDUCER

g

| ]

0

UL

TO INTAKE
MANIFOLD
VACUUM

/5%’
74Y%
CONVERTER

SPEED
TRANSDUCER

\Z

Ja

Bt

8

1869



3,925,753

1

SPEED COMPENSATED FUEL CONSUMPTION
WARNING DEVICE -

This invention relates to a fuel consumption warning
device and more particularly to a warning system for a
vehicle having a throttle controlled internal combus-
tion engine with an intake manifold which provides a
warning when the intake manifold pressure decreases
to a pre-established level which is varied as a function
of vehicle speed.

Systems for providing a warning to a vehicle operator
when the vehicle intake manifold pressure decreases to
a pre-established level in order to provide an indication
of uneconomical operation of the vehicle are generally
known. In all of these known systems, an intake mani-
fold vacuum level at which a warning is provided is se-
lected which is applicable at all vehicle operating
speeds. Although the selected level may be truly indica-
tive of excessive fuel consumption at one operational
speed, it may not be indicative of excessive fuel con-
sumption at all other speeds.

In view of the foregoing, it is the general object of this
invention to provide an improved speed compensated
fuel consumption warning device for use with a vehicle
powered by a throttle controlled internal combustion
engine having an intake manifold.

It is another object of this invention to provide a fuel
consumption warning device for a vehicle powered by
an internal combustion engine having an intake mani-
fold which provides a warning when the vehicle intake
manifold pressure decreases below a level which is var-
ied as a function of vehicle speed.

These and other objects of this invention may be best
understood by reference to the following description of
a preferred embodiment and the drawing which is a
schematic diagram illustrating the preferred embodi-
ment of the invention.

Referring to the drawing, there is illustrated a warn-
ing device for providing an indication of excessive fuel
consumption by a vehicle powered by a throttle con-
trolled internal combustion engine having an intake
manifold. A conduit 10 pneumatically couples the in-
take manifold vacuum to a vacuum transducer 12. The
vacuum transducer 12 is effective to generate a voltage
having a magnitude which progressively changes with a
progressively increased intake manifold vacuum level.
In the preferred embodiment, the magnitude of the
voltage generated by the vacuum transducer 12 pro-
gressively decreases with an increasing intake manifold
vacuum level. The voltage generated by the vacuum
transducer 12 is coupled to the positive input of a sum-
ming switch 14 through a resistor 15. The resulting cur-
rent supplied by the vacuum transducer 12, hereinafter
referred to as the vacuum signal, progressively de-
creases with increasing .intake manifold vacuum level.

A potentiometer 16 includes a resistive element 18
coupled between a positive voltage source B+ and
ground potential and a wiper arm 20. The positive volt-
age source B+ may take the form of the positive termi-
nal of the vehicle battery whose negative terminal is
grounded. The wiper arm 20 is coupled to the negative
input of the summing switch 14. The potentiometer 16
functions to supply a current, hereinafter referred to as
the reference signal, having a magnitude substantially
equal to the magnitude of the vacuum signal at a speci-
fied intake manifold vacuum level which has been de-
termined to represent excessive fuel consumption when
the vehicle speed is zero. The summing switch 14 takes
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the form of a high gain differential amplifier 21 with a
feedback resistor 22 as illustrated in the drawing.

The output of the summing switch 14 is coupled to
the anode of a diode 23 whose cathode is coupled to
ground through a resistor 24 and to the base electrode
of an NPN transistor 26 through a resistor 28. The
emitter electrode of the transistor 26 is coupled to
ground and the collector electrode thereof is coupled
to the positive voltage source B+ through a lamp 30.
The lamp 30 may be located at the vehicle instrument
panel or any other location where it is readily observ-
able by the vehicle operator. Alternatively, the lamp 30
may be replaced with a buzzer to provide an audible in-
dication.

When the output of the summing switch 14 is a posi-
tive voltage, the transistor 26 is biased conductive to
energize the lamp 30 and conversely, when the output
is negative, the transistor 26 is biased nonconductive
and the lamp 30 is extinguished.

With only the elements described above, the lamp 30
would be energized to provide a warning whenever the
manifold vacuum level decreased below a level repre-
sented by the reference signal supplied by the potenti-
ometer 16. Although this level may truly be indicative
of excessive fuel consumption at one specific vehicle
speed it may not be indicative of excessive fuel con-
sumption at other vehicle speeds. For example, the
manifold vacuum level representing excessive fuel con-
sumption increases from the level represented by the
reference signal supplied by the potentiometer 16 when
set as indicated above as vehicle speed increases. By
vehicle testing, the magnitude of this increase for each
vehicle speed may be determined.

To provide a manifold vacuum trigger level which in-
creases with increasing vehicle speed, a speed trans-
ducer 32 is provided which generates a series of voltage
pulses having a frequency progressively increasing with
increasing vehicle speed. The speed transducer 32 may
take the form of a slotted disc rotated by a vehicle
wheel adjacent a magnetic pickup whose output is a se-
ries of voltage pulses having the frequency related to
vehicle speed. These voltage pulses are supplied to a
frequency-to-voltage converter 34 whose output is a
voltage having a magnitude progressively increasing
with increasing vehicle speed. The output of the fre-
quency-to-voltage converter 34 is coupled to the posi-
tive input of the summing switch 14 through a resistor
35. The resulting current supplied by the frequency-to-
voltage converter 34, hereinafter referred to as the
speed signal, has a magnitude progressivély increasing
with increasing vehicle speed. .

By conventional circuit design techniques, the mag-
nitude of the speed signal may be made to equal the dif-
ference between the magnitude of the reference signal
and the magnitude of the vacuum signal when the man-
ifold vacuum is at the level determined to represent ex-
cessive fuel consumption at the instantareous speed
represented by the output of the speed transducer 32.
* By combining the speed signal in proper sense with
the reference signal, the manifold vacuum level at
which the output of the summing switch 14 swings posi-
tive to effect energization of the lamp 30, hereinafter
referred to as the manifold vacuum trigger level, may
be increased as a function of vehicle speed. This is ac-
complished by the coupling of the speed signal from the
frequency-to-voltage converter 34 to the positive input
of the summing switch 14'so as to be summed in sub-
tractive fashion from the référence signal supplied by
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the potentiometer 16.

In operation, when the vehicle speed is zero, the out-
put of the frequency-to-voltage converter 34 is also
zero and the summing switch 14 generates a positive
voltage to bias the transistor into conduction and ener-
gize the lamp 30 when the vehicle is operated in a man-
ner such that the intake manifold vacuum level de-
creases below the vacuum level represented by the
magnitude of the reference signal supplied by the po-
tentiometer 16. This signal provides an indication of
fuel consumption in excess of the predetermined
amount at zero vehicle speed.

At increased vehicle speeds, the frequency-to-volt-
age converter 34 generates the speed signal which is
coupled to the positive input of the summing switch 14.
Consequently, the required vacuum signal output of
the vacuum transducer 12 to cause the summing switch
14 to generate a positive signal output decreases corre-
sponding to the desired increase in the manifold vac-
uum trigger level. When the vehicle is operated in a
manner such that the manifold vacuum decreases
below the manifold vacuum trigger level established at
the instantaneous vehicle speed, the output of the sum-
ming switch 14 swings positive to effect energization of
the lamp 30 to provide an indication of fuel consump-
tion in excess of the predetermined amount at that
speed.

The potentiometer 16 may be positioned in the vehi-
cle compartment so as to allow the vehicle operator to
adjust the wiper arm 20 and shift the vacuum trigger
level for all vehicle speeds and thereby selectively es-
tablish desired fuel consumption warning levels. For
example, if the vehicle is under a heavy load, the vac-
uum level at each vehicle speed which is indicative of
excessive fuel consumption may be less than when the
vehicle is under normal load. The vehicle operator may
compensate for the heavy load condition by adjustment
of the wiper arm 20 to vary the magnitude of the refer-
ence signal and provide for lower manifold vacuum
trigger levels at all vehicle speeds.

In the preferred embodiment illustrated in the draw-
ing, the summing switch 14 summed the output of the
frequency-to-voltage converter 34 and the potentiome-
ter 16 in subtractive fashion since the output of the vac-
uum transducer 12 progressively decreased with pro-
gressively increasing manifold vacuum. As can be seen,
if the signals generated by the various transducers var-
ied in a different manner, they must be combined in the
proper sense to achieve the desired manifold vacuum
trigger level change in response to vehicle speed
changes. For example, if the vacuum transducer 12
supplied a signal which had a magnitude progressively
increasing with increasing intake manifold vacuum
level, the output of the frequency-to-voltage converter
34 would then be summed in additive fashion with the
reference signal at the positive input of the summing
switch 14 and the vacuum signal would be coupled to
the negative input thereof.

What has been described is a fuel consumption warn-
ing device for use with a vehicle having an internal
combustion engine with an intake manifold, wherein a
warning of excessive fuel consumption is provided
when the intake manifold vacuum level decreases

5

below a manifold vacuum trigger level which is varied
as a function of vehicle speed.

The detailed description of the preferred embodi-
ment of this invention for the purpose of explaining the
principles thereof is not to be considered as limiting or
restricting the invention since many modifications may
be made by the exercise of skill in the art without de-
parting from the scope of the invention.

We claim:

1. A fuel consumption warning device for use with a
vehicle powered by a throttle controlled internal com-
bustion engine having an intake manifold, comprising:
a vacuum transducer pneumatically coupled with the
intake manifold for generating a vacuum signal having
a magnitude progressively changing with a progres-
sively increased manifold vacuum level; means for gen-
erating a speed signal having a magnitude substantially
equal to the difference between the magnitude of the
vacuum signal at a manifold vacuum level representing
a predetermined excessive fuel consumption at zero ve-
hicle speed and the magnitude of the vacuum signal at
a manifold vacuum level representing a predetermined
excessive fuel consumption at the instantaneous vehi-
cle speed; means combining said speed signal and vac-
uum signal and generating an output signal when the
magnitude of the combined signals differs with a fixed
polarity from the magnitude of the vacuum signal at the
manifold vacuum level representing the predetermined
excessive fuel consumption at zero vehicle speed; and
an indicator responsive to the output signal for produc-
ing an operator observable indication representing ex-
cessive fuel consumption at the instantaneous vehicle
speed.

2. A fuel consumption warning device for use with a

. vehicle powered by a throttle controlled internal com-
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bustion engine having an intake manifold, comprising:
a vacuum transducer pneumatically coupled with the
intake manifold for generating a vacuum signal having
a magnitude progressively changing with a progres-
sively increased intake manifold vacuum level; means
for generating a reference signal having a magnitude
substantially equal to the magnitude of the vacuum sig-
nal at an intake manifold vacuum representing a prede-
termined excessive fuel consumption at zero vehicle
speed; a vehicle speed transducer for generating a
speed signal having a magnitude progressively changing
with a progressively increased vehicle speed, whereby
throughout a predetermined speed range, the magni-
tude of the sum of the speed signal-and the reference
signal is equal to the magnitude of the vacuum signal at
an intake manifold vacuum representing a predeter-
mined excessive fuel consumption at the instantaneous
vehicle speed; means for combining the vacuum signal,
the speed signal, and the reference signal and generat-
ing an output signal when the magnitude of the sum of
the reference signal and the speed signal represents a
manifold vacuum level exceeding the manifold vacuum
level represented by the vacuum signal; and an indica-
tor responsive to the output signal for producing an op-
erator observable indication representing excessive -

fuel consumption at the instantaneous vehicle speed.
* * * * *

1871



EXHIBIT 19

1872



PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6 :

GO1S 13/93 A2

(11) International Publication Number:

(43) International Publication Date:

WO 96/02853

1 February 1996 (01.02.96)

(21) International Application Number: PCT/GB95/01670

(22) International Filing Date: 14 July 1995 (14.07.95)

(30) Priority Data:

9414393.0 GB

15 July 1994 (15.07.94)

(71) Applicant (for all designated States except US): DESIGN
TECHNOLOGY AND INNOVATION LTD. [GB/GB]; The
Bam, Ripe Lane, Ripe, Lewes, Sussex BN8 6AP (GB).

(72) Inventor; and
(75) Inventor/Applicant (for US only): TONKIN, Mark [GB/GB);
The Bam, Ripe Lane, Ripe, Lewes, Sussex BN8 6AP (GB).

(74) Agent: HEPWORTH LAWRENCE BRYER & BIZLEY; Mer-
lin House, Falconry Court, Baker’s Lane, Epping, Essex
CM16 5DQ (GB).

(81) Designated States: AM, AT, AU, BB, BG, BR, BY, CA, CH,
CN, CZ, DE, DK, EE, ES, FI, GB, GE, HU, JP, KE, KG,
KP, KR, KZ, LK, LR, LT, LU, LV, MD, MG, MN, MW,
MX, NO, NZ, PL, PT, RO, RU, SD, SE, SI, SK, TJ, TT,
UA, US, UZ, VN, European patent (AT, BE, CH, DE, DK,
ES, FR, GB, GR, [E, IT, LU, MC, NL, PT, SE), OAPI
patent (BF, BJ, CF, CG, CI, CM, GA, GN, ML, MR, NE,
SN, TD, TG), ARIPO patent (KE, MW, SD, SZ, UG).

Published
Without international search report and to be republished

upon receipt of that report.

(54) Title: SAFETY SYSTEM FOR VEHICLES

(57) Abstract

The system comprising
a controller fitted to a subject
vehicle (16) and sensor means
(20) operable to sensc a distance
of separation and relative velocity
of a trailing vehicle (18). Also
input to the controller is a
velocity signal derived from
a velocity sensing means (97)
determining the ground speed
of the subject vehicle using
a doppler radar systtem. The
controller calculates a safety
envelope and activates a visible
waming device attached to the

18

(]

16

rear of the subject vehicle if the trailing vehicle penetrates the safety envelope. An enhanced safety envelope determined by adverse road
conditions is also established, any incursion into the enhanced envelope resulting gencrally in the visible wamning being at a less prominent
level. If however the closing speed of the trailing vehicle exceeds a predetermined threshold, penetration of the enhanced envelope results
immediately in the full waming being displayed with full prominence to the driver of the trailing vehicle. The system has application to

improving the safety of road vehicles.

1873




Codes used to identify States party to the

applications under the PCT.

Austria
Australia
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus
Canada

Central African Republic
Congo
Switzerland
Coee d'Ivoire
Cameroon
China
Czechoslovakia
Czech Republic
Germany
Denmark

Spain

Finland

France

Gabon

FOR THE PURPOSES OF INFORMATION ONLY

PCT on the front pages of pamphlets publishing international

United Kingdom
Georgia

Guinea

Greece

Hungary

Ireland

Ttaly

Japan

Kenya
Kyrgystan

De: ic People's Republi

of Korea
Republic of Korea
Kazakhstan
Liechtenstein

Sri Lanka
Luxembourg
Latvia

Monaco

Republic of Moldova
Madagascar

Mali

Mongolia

Mauritania
Malawi

Niger

Netherlands
Norway

New Zealand
Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Slovenia

Slovakia

Senegal

Chad

Togo

Tajikistan
Trinidad and Tobago
Ukraine

United States of America

Uzbekistan
Viet Nam

1874




WO 96/02853 PCT/GB95/01670

10

15

20

25

30

35

1

SAFETY SYSTEM FOR VEHICLES

The invention relates to vehicle safety systems including
warning means which provide safety information for example

to drivers of following vehicles.

A known warning means comprising a vehicle display system
is described in W093/15931 which provides a display system
which indicates discrete ranges of deceleration of a
vehicle and which can also provide a display to indicate
that the vehicle is stationary. All the features of that
display system are incorporated in this specification
especially when referring to a progressive brake warning
(PBW) or vehicle stationary indicator (VSI) display. A
known ground speed measuring device 1is disclosed in
W092/01951 which uses a double horned radar device, again
the teachings of that specification are incorporated

herein.

The invention seeks, inter alia, to improve known vehicle

display systems and ground speed measuring systems.

According to one aspect of the invention there is provided
a safety system for vehicles comprising a controller fitted
in use to a subject vehicle, sensor means fitted to the
subject vehicle in use and operable to sense a distance of
separation and/or a relative velocity of a trailing vehicle
and operable to input data signals representative thereof
to the controller, velocity sensing means operable to sense
the velocity of the subject vehicle relative to the ground
and to input to the controller a velocity signal
representative thereof, wherein the controller is operable
to processes the received velocity signal and data signals
to determine the existence of an unsafe condition, and the
safety system further comprising warning means controlled
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2
by the controller and operable to warn a driver of the
trailing vehicle of the existence of the unsafe condition.

Preferably the controller is operable to determine the
existence of the unsafe condition by determining a safe
distance corresponding to a safety envelope to the rear of
the subject vehicle within which any incursion by the
trailing vehicle constitutes the existence of an unsafe

condition.

This provides the advantage of assisting the driver of the
trailing vehicle to more accurately determine the safe
distance, drivers typically tending to underestimate the

safe distance in the absence of any such warning system.

The safe distance may be determined to be substantially the
safe stopping distance of a vehicle travelling at the

velocity of the trailing vehicle.

The safe stopping distance may be determined to be

proportional to the velocity of the subject vehicle.

Preferably the warning is terminated after the measured
value reaches a safe value. The warning can be provided by
a display operably carried by the subject vehicle and
positioned for viewing by the driver of the trailing

vehicle, and the display can comprise a row of lights.

The system may comprise means for warning that the subject
vehicle is stationary. The system can further comprise
means for providing warning of different levels of
deceleration of the subject vehicle. The warning means can
comprise an orange light display for the relative speed
and/or relative separation conditions and a red light
display for the vehicle stationary and/or levels of
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deceleration conditions. The relative separation and/or
relative speed warning may be overridden by the level of

deceleration warning.

The system in a preferred embodiment has a radar device
having two receiver antenna which device operably
communicates with a controller which is able thereby to
determine the direction of motion of the vehicle, and
warning means which is automatically actuated by the

controller to provide a warning when the vehicle moves.

A further warning means can be automatically activated when
the vehicle reverses and may comprise an array of 1lights

and/or means for generating sound.

The controller may be operable to determine an enhanced
safe distance corresponding to an enlarged safety envelope
and the warning means may be further operable to indicate a
first level of warning corresponding to incursion by the
trailing vehicle into the enlarged safety envelope and a
second level of warning which is more prominently presented
to the driver than the first 1level of warning and

corresponds to any incursion into the safety envelope.

The size of the enhanced safe distance and enlarged safety
envelope will generally be predetermined so as to
correspond to typical parameters appropriate for driving
under adverse road conditions. These parameters may for
example be stored in a 1look up table allowing the
parameters to be determined from the signals received by
the controller together with the parameters defining the

normal safety envelope.

The safety system may comprise ground condition
communication means operable to input to the controller a

1877



WO 96/02853 PCT/GB95/01670

10

15

20

25

30

35

4

signal representative of the condition of the ground and or
other driving conditions and wherein the controller is
operable to determine the enhanced safe distance
corresponding to the enlarged safety envelope according to
the extent to which the ground condition communication
means indicates adverse ground conditions likely to affect

traction between the subject vehicle and the ground.

The enhanced safety distance and enlarged safety envelope
may thereby be made adaptable to the prevailing driving
conditions and the ground condition communication means
would preferably function automatically to input data such
as whether rain, ice or snow was presenting a driving
hazard, the source of the data being either on board
sensors or telemetric links to an external system providing

relevant data.

Preferably the sensor means is operable to sense both the
distance of separation and the relative velocity of the
trailing vehicle and the controller is operable to
determine whether the relative velocity of the trailing
vehicle relative to the subject vehicle when entering the
enlarged safety envelope is dgreater than a threshold value
of relative velocity and, if so, is operable to actuate the

warning means to indicate the second level of warning.

This has the advantage of delivering a warning with full
prominence to the driver of the trailing vehicle before the
trailing vehicle has reached the main safety envelope in
order to give the maximum available warning to the driver

that his closing speed to the subject vehicle is excessive.
In a preferred embodiment the ground condition

communication means comprises means fitted to the subject

vehicle for sensing at least one of rain, snow and ice and
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communicating a signal representative thereof to the

controller.

The sensor means for sensing the distance and velocity of
the trailing vehicle may comprise a radar system
transmitting and receiving radar |@pulses, from which
received pulses information is derived sufficient to
determine both the proximity and relative speed of the

trailing vehicle.

The safety system may comprise communication means operable
between the controller of the subject vehicle and a warning
device fitted in use to the trailing vehicle, whereby the
warning means is operable to indicate a warning to the

driver of the trailing vehicle via the warning device.

The velocity sensing means may comprise a conventional
speed sensing device fitted to the vehicle's transmission

train and may for example include a hall effect sensor.

The velocity sensing means may alternatively comprise a
sensor mounted on the subject vehicle and responsive
independently of elements of the subject vehicle's
transmission train to movement of the ground relative to

the subject vehicle.

In a preferred embodiment the velocity sensing means
comprises a sensor constituted by a doppler shift radar

device.

An advantage of such sensing means is that it is free from
the errors inherent in determining velocity via the
transmission train which arise from variation in tyre
diameter due to varying inflation pressure, tyre wear or

other factors.
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The controller may also be operable to actuate an impact
absorbing device deployed internally or externally of the

subject vehicle.

The impact absorbing device may comprise an air bag
inflatable so as to be deployed externally of the subject
vehicle and/or bumpers extensible by means of hydraulic

rams operable to absorb energy upon impact.

The effects of impact may thereby be attenuated prior to
the point of collision between the subject vehicle and an
object which may be a trailing vehicle for example.

Another aspect of the invention provides a system for
vehicles having means for determining the magnitude of
acceleration and deceleration of the vehicle and output
means enabling the magnitude of acceleration and
deceleration to be interpreted by a third party remote from
the vehicle. The output means can comprise a visible
display having a first form of representation for
acceleration and a second form of representation for
deceleration. The display can comprise an array of lights
mountable on the side of a vehicle. A first coloured array
can represent acceleration and a second coloured array can
represent deceleration and preferably the number and/or
intensity of actuated lights of a given colour represents
the magnitude of the acceleration or deceleration.

This aspect of the invention has application for example to
racing cars and motorcycles where a visible display mounted
on either or both sides of the vehicles enable spectators
and cameras to perceive the rate of acceleration or
deceleration of the vehicle thereby adding interest and
enjoyment. Such displays would not be visible necessarily
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to the leading or trailing drivers so as to cause minimal

interference with the conduct of racing.

Also disclosed herein is a management system for a vehicle
comprising a ground speed sensor having means for
determining the true speed and direction of travel of the
vehicle and means for communicating the speed and direction
of travel of the vehicle to a controller which operably
controls a second vehicle device in response to the speed

or direction information.

Preferably the system is adapted to perform any one, or any
combination of the following functions: active sensing for
cruise control, or comparison with actual wheel speeds for
anti-lock braking systems and/or active traction control,
provision of any one of the following: driving speed over
ground display, distance covered, fuel economy measurement,
elapsed journey time and estimating time of arrival at
destination, average fuel economy over Jjourney; automatic
triggering of airbags; change gear in electronic automatic

transmission vehicles.

Such a system can also include the features of all the

other aspects of the invention.

According to a further aspect of the invention there is
disclosed a safety system for vehicles comprising an anti-
lock braking system fitted to a subject vehicle and
operable to regulate operation of the subject vehicle's
brakes in response to a signal generated by a speed sensor
and representative of the speed of the subject vehicle
relative to the ground, characterised in that the speed
sensor is a radar system operable to direct radiation
towards the ground and to determine the speed by receiving

and analysing radiation reflected from the ground.

1881



WO 96/02853 PCT/GB95/01670

10

15

20

25

30

The radar system may be operable to determine speed by
measurement of a doppler shift in the frequency of the

reflected radiation.

According to a further aspect of the invention, there is
disclosed a safety system for vehicles comprising at least
one impact energy absorbing device fitted to a subject
vehicle, sensor means fitted to the subject vehicle and
operable to detect the proximity and closing speed of an
object external to the subject vehicle, determining means
responsive to output signals of the sensor means for
determining whether the object is about to impact with the
subject vehicle and actuating means responsive to the
determining means to actuate the at least one impact energy
absorbing device so as to be deployed at a position
externally of the subject vehicle so as to be between the

object and the subject vehicle.

The impact energy absorbing device may be an inflatable bag
device comprising two or more inflatable bags deployed when
inflated so as to constitute successive layers including an
inner bag proximate the subject vehicle and an outer bag

distal to the subject vehicle.

The safety system preferably comprises deflation means
operable to deflate one or more of the bags in response to
pressure within the respective bag exceeding a

predetermined pressure level.

The deflation means may be operable to deflate bags in
successive layers at pressure levels which decrease
progressively from the inner bag to the outer bag whereby
in use the outer bag is deflated prior to deflation of the
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inner bag in response to impact between the object and the

subject vehicle.

The deflation means may comprise rupturable membranes
forming parts of side walls of respective bags and arranged

to rupture at respective predetermined pressure levels.

In a preferred embodiment the air bag device comprises

three inflatable bags.

(The preferred comprising a plurality of air bag devices
located so as to be deployed at the front, rear, left side

and right side respectively of the subject vehicle

Alternatively the impact energy absorbing device comprises
at least one bumper extensible by means of hydraulic ram
means capable of absorbing energy when the bumper receives

an impact.

A yet further aspect of the invention provides a safety
system for vehicles comprising a ground speed measuring
device and/or input detection means and a controller
operable to activate a spraying device to release safety

chemicals such as foams when an accident is likely.

Another aspect provides an antenna for a radar system
comprising means for coupling the antenna to a radar system
to enable electromagnetic radiation from the radar to be
transmitted through the antenna and for reflected radiation
to be passed back to the radar through the antenna, said
antenna further comprising a body portion which is wedge-
shaped. The wedge can taper to a tip of 1less than 1mm

thickness. Preferably the antenna is made at 1least

partially of PTFE.
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Yet another aspect of the invention provides a housing for

a radar system having means for communicating

‘electromagnetic radiation into a waveguide which directs

the radiation along two paths in two separate directions
each leading to an output, the housing being adapted to
accommodate receiving antennas in each of the radiation
paths, the housing further comprising wedge-shaped antenna
at the outputs for transmitting and collecting reflected
radiation. The receiving antenna accommodation can be
separated by half a wavelength of the radiation.

Another aspect of the invention provides a housing for a
radar system having an inlet for electromagnetic radiation
which leads to a waveguide which directs the radiation
along two paths to two separate outlet/inlet horns wherein
the horns taper along their length in one transverse

dimension relative to their longitudinal axis.

The horns can taper outwardly. The horns can be turned
inwardly such that radiation emitted from one horn is
directed to intersect with the radiation from the other.
Preferably the housing is adapted to accommodate two
receiving dipoles equidistantly spaced from a point where

the two paths meet.
Embodiments of the inventions will now be described, by way
of example only, with reference to the accompanying

drawings, in which:-

FIGURE 1 is a schematic front elevational view of vehicle

display systems according to the invention;

FIGURE 2a is a schematic plan view of two vehicles fitted

with a vehicle display according to the invention;
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FIGURE 2B shows a second embodiment of the display shown in

Figure 1 in an active state;

FIGURE 3 shows a front elevational view of part of the

radar system according to the invention;

FIGURE 4 is a plan view from below of the radar part shown

in Figure 3;

FIGURE 5 is a rear elevational view of the radar device

shown in Figures 3 and 4; whilst
FIGURE 6 is a sectional view taken along 6-6 of Figure 5;

FIGURE 7 provides five views (A to E) of a wedge device
suitable for use in a radar system according to the

invention;

FIGURE 8 provides three views of a second embodiment of a

wedge according to the invention;

FIGURE 9 is a sectional side view of a second radar system

according to the invention;

FIGURE 10 is a plan view of a vehicle having an airbag
system according to the invention; and

FIGURE 11 provides two sectional side elevation views of a
door panel having airbags according to the invention.

Referring to Figure 1 there is shown a display system 10
according to the invention comprising a safety display
constituted by a first light array 12 for providing warning
signals relating to relative parameters between a subject
vehicle 16 and trailing vehicle 18 as shown in Figure 2a.
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A display comprising a second light array 14 can provide
information relating to the level of deceleration of the
subject vehicle and/or whether the vehicle is stationary or
not. Thus the second light array 14 is similar to that
described in WO093/15931 and can be operated in the same
manner as described therein or alternatively using the
system to be described here. The second light array 14
comprises a central lamp 15a and four pairs of lamps 15b,
15¢, 15d and 15e. Central lamp 15a can be a central high
mount stop lamp (CHMSL) which is triggered by a switch on
the brake pedals of a vehicle and not used under PBW or VSI
conditions. Pairs of lamps 15b to 15e can then act in the
same manner as lamps 10 to 17 described in W093/15931 for

example.

When acting as a vehicle stationary indicator (VSI) a
preferred from of display is to illuminate all lamps 15 in
the second light array 14 at a starting point in a cyclic
variation in the number of lamps illuminated. The second
stage is to deactivate central lamp 15a, then to illuminate
all lamps, followed by deactivating both lamps 15b and then
lighting all lamps. This is followed by deactivating both
lamps 15c momentarily and then activate all lamps and so on
until all pairs of lamps have been deactivated in
succession and the cycle begins again. For example, the
time period for each step could be less than 1 second and

preferably in the order of 0.1 second.

As can be seen from Figures 1 and 2b, the individual lamps
15 are preferably distinguishable from one another. The
width of separating sections 11 between lamps 15 can be as
much as the width of the lamps for example. In another
form, section 11 can have a variable width to ensure that
the lamps remain distinguishable when a trailing vehicle 18

is some distance behind. A proximity sensor, if used only
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for the function of determining separation need only
comprise a one horn version of the radar described later.

Thus the stationary indication signal is found to be very
effective since a clear array of lamps, such as red lamps,
is displayed at the rear of the subject vehicle 16 which is

‘apparently expanding due to the outward motion of the

deactivated pairs of lamps. With regard to use of second
light array 14 as progressive brake warning display (PBWD)
it is found that the initial levels at which the pairs of
lamps 15 are illuminated are optimally for deceleration in
the ranges 0.05-0.1g and 0.1-0.25g, say. Advantageously,
by using a ranging device, or proximity sensor, these
ranges can be varied depending on the proximity and/or
closing speed of the trailing vehicle 18. For example the
initial level of PBW could be illuminated for deceleration
in the range 0.025 to 0.05g; the second level becoming 0.05
to 0.1g, for example, and so on. Thus, of course, the PBW
signal could be illuminated at the same time as the first
light array 12 to provide an enhanced danger warning to a
driver of a trailing vehicle, or other forms of display as
described later could be provided.

In an improved system over that described in W093/15931, a
radar system similar to that described in W092/01951, or as
described later herein, can be used to provide information
regarding subject vehicle velocity and direction of travel.
By sampling ground speed measurements rapidly and using a
time reference a microprocessor control system can for
example provide accurate information about a vehicle's
acceleration or deceleration at any given time.
Accordingly, such a system can suitably be used to control
the display shown on the second light array 14.
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Such a microprocessor control system 1linked to such a
ground speed sensor can be used to provide a velocity
readout to the driver of the subject vehicle 16, also
information regarding the distance covered 1in a given
journey can be relayed to the driver or otherwise logged.
A key feature is that the speed sensor can very accurately
measure actual, true or absolute, speed over the ground, or
changes therein. It is not dependent for example on the
diameter of tyres as is a system which counts the rate of
rotation of a vehicles' tyres. Such known systems are
prone to large errors in the order of 5% of the actual
speed and critically this error increases with use of the
tyres due to wear (and a reduction of tyre diameter) and

also critically with increasing speed of vehicle.

By inputting information to the microprocessor regarding
the fuel consumption of an engine, fuel economy can be
calculated and for example information can be provided to
the driver regarding the most appropriate gear to be
selected. Information regarding acceleration or
deceleration can be provided to the driver. Additionally,
in a preferred form, an acceleration and deceleration
display is provided by an array of lamps comprising two
rows, one to indicate the level of acceleration for example
in green and a second row to indicate the 1level of
deceleration in red. Such an array of lamps can be
attached to the side of a racing car for example such as a
formula one vehicle in order to provide spectators with an
indication of the changing speed of the racing car. of
course, alternative displays on the vehicle might be used

instead of rows of lamps.
By providing a keypad or other communication means for a

driver to input information to the microprocessor, a
sophisticated vehicle management system can be provided.
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For example, the driver could inform the system of his
present location and destination such that the system can
‘calculate the distance of Jjourney from a database of
journey distances. The driver can then be provided with
distance remaining information and estimated times of
arrival, as well as average fuel economy over Jjourney.
Alternatively, the information might be stored rather than
displayed to the driver and extracted for example when
servicing the vehicle 1in order to ©observe if any
significant change in performance of the vehicle has taken

place.

The ground speed sensing system of WO092/01951 as adapted
herein, can also be used in active sensing for cruise
control applications. Additionally, comparison of ground
speed with wheel speed can be used in anti-lock braking
systems and traction control systems for either two or four

wheel vehicles for example. Thus, accurate ground speed
measurement can be used to control the optimum rate of
pumping of brakes in an ABS system. In particular, an

intelligent ABS system can be provided which when the
vehicle is travelling at low speeds, overrides the anti-
lock braking system in order to allow wheel locking which
can be useful in certain conditions such as 1in snow or
similar conditions. Similarly, the accurate ground speed
measurements can be used to compare the speed of revolution
of tyres, or other traction means such as trail wheels or
tank treads for example, of a vehicle in order to enhance
traction control systems. In known systems an independent
vehicle speed measurement is not made and thus the present
system can be used to accurately predict the required tyre

revolution rate for a given speed.

The display constituted by the first light array 12 shown
in Figure 1 comprises an array of seven lamps 13 which are
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operated using a microprocessor control system not shown.
The control system is designed to activate display 12 to
provide a warning signal to a driver of the trailing
vehicle 18 when the trailing vehicle is closing too rapidly
on the subject vehicle 16 for example, alternatively a
warning signal is displayed when the trailing vehicle 18 is
too close to the subject vehicle 16. Even if they are
travelling at the same speed for example, there are known
safe stopping distances such as those published by the
Minister of Transport, in which a vehicle will stop when
the brakes are applied. Accordingly, by knowing the
velocity of the subject vehicle 16 for example preferably
using the radar ground sensing system described herein,
which provides therefore a true ground speed, or other
means in communication with a microprocessor control system
and by using a proximity sensor 20 to determine the
separation of the subject vehicle 16 from the trailing
vehicle 18 a safety envelope can be created behind the
subject vehicle 16. Intrusion in the envelope by the
trailing vehicle 18 causes an initial level of lamps 13 in
array 12 to be 1lit.

For example, all lamps 13 could be illuminated.
Alternatively, only lamps 13a and 13b might be illuminated
in the first instance when the safe distance is broken by
the trailing vehicle 18 and pair 13c might be illuminated
if the trailing vehicle then encroaches a further
predetermined distance and similarly 13d could be activated
upon a further encroachment. For example, the safe
separation distance (or stopping distance) of vehicles
travelling at 30mph is 25 metres such that in an example
lamp 13a might be illuminated if the trailing vehicle 18
encroaches more than 25 metres behind the subject vehicle
16, lamp 13b could be illuminated in addition to lamp 13a
if the trailing vehicle gets closer than 20 metres. Lamp
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13c could be illuminated if 'éhe trailing vehicle comes
closer than 15 metres and 13d could be illuminated when the
trailing vehicle reaches 10 metres from the subject vehicle

16. In a further example, all the lamps may be turned on
and off if the trailing vehicle gets still closer.

Thus a warning system has been described using a ground
speed sensor for a subject vehicle 16 coupled by a
microprocessor with a proximity sensor 20. In a more
sophisticate version, proximity sensor 20 could be a radar
device described herein for measuring velocity and could
therefore be used to measure the relative velocity of a
subject vehicle 16 and trailing vehicle 18. By knowing the
closing speed of the trailing vehicle 18 predetermined
values could be used to trigger warning displays if the
closing speed is too great. For example, a look-up table
or database could again be provided for unsafe closing
speeds. This look-up table might again be varied according
to the velocity of the subject vehicle 16 in a similar
manner to the safe stopping distance, or safety envelope
distance. Therefore, whilst the safety envelope distance
at 30mph is 25 metres, if the trailing vehicle is closing
too rapidly, say, a difference in speed of 30mph, then the
warning signal could be activated even when the trailing
vehicle 18 is 50 metres behind the subject vehicle 16.

In an alternative form, the activation of the warning
display, in other words the value of the safe 1limit,
depends on the prevailing road conditions. It might be,
for example that, a keypad or other communication means is
provided so that the driver can input information regarding
weather conditions. Alternatively, a sensor could be
provided which is linked to the microprocessor to indicate
whether the road is wet and the severity of the wet, icy or
snowy conditions. Alternatively, such information could be
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provided on a local basis using a regional radio system to
update a microprocessor memory via a radio receiver. In
this way hazardous weather conditions can automatically be
put into a vehicle management system comprising the
processor herein described. Additionally, this system is
advantageous in that when the vehicle is driving over long
distances changes in weather conditions from one region to
another can automatically be input to the microprocessor.
The information regarding the weather might be obtained for
example by enabling the warning system controller to
ascertain if the windscreen wipers are in use or have been
in use recently due to rain (and not used with a water
spray to clean the windscreen). Alternatively, or as well,
frost sensors, such as air temperature sensors (with
adjustment for wind chill e.g. through look-up data) can be
used. Thus, safe stopping distances can be adjusted for
prevailing weather conditions, again by providing stored
values according to weather and possibly for different
severities of poor weather. Alternatively, a two level
warning system can be provided wherein, a first warning,
e.g. turn on all lamps 13, when a trailing vehicle 18
encroaches within the safe stopping distance of the subject
vehicle 16 for poor weather, and a second warning e.qg.
flash all or some lamps 13, if the trailing vehicle
encroaches within the safe stopping distance for good
conditions. The latter warning 1is intended to be
especially irritating to cause the driver to pull back.
Multiple levels of warning for closer encroachment could be
an increase in the frequency and/or intensity of the
flashing lamps. For example flash rates could be increased
in 2Hz increments from 2Hz upwards for increasing
proximity. Also, it is possible to illuminate lamps 13 in
different patterns, e.g. randomly, or 1l3a alone then all
pairs 13b, 13c and 13d together.
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Thus, the display constituted by the first 1light array 12
could be wused in a two-stage signal for example
illuminating only 1lamps 13a and 13b in good weather
conditions but illuminating all seven lamps 13a to 13g when
weather conditions are poor even though the value of the

safety envelope has been increased.

Naturally, when the trailing vehicle 18 falls away from the
subject vehicle 16 beyond the safety envelope 1limit or
decelerates to a level below the unsafe closing speed, then
the warning display can be automatically deactivated.

In a preferred form of the display system 10 the row of
lamps 15 are red whilst lamps 13 are yellow. They are
preferably positioned in the lower part of the rear window
of the subject vehicle 16 or similar position so that they
can easily be seen the by a driver of the trailing vehicle
18.

In an alternative form of the safety warning system, rather
than providing the first 1light array 12, it would be
possible to link the microprocessor to an existing fog lamp
on the subject vehicle 16 and to activate the fog lamp
automatically when any of the present conditions are
violated. Naturally, rather than using a database of look-
up tables, the microprocessor might use an algorithm to

calculate safe values for any given set of conditions.

In an alternative form, only a single row of lamps is
provided so that the first 1light array 12 is dispensed
with. The individual portions of the second light display
such as 15a and 15b could comprise reflectors or
translucent coverings of different colours in front of
bulbs actuated for the different systems (safety envelope,
VSI, PBW). In another preferred form, say seven red LED's
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are provided for each lamp portion (15a say) to represent
the progressive brake warning display and the vehicle
stationary indication whilst seven yellow LED's are
provided for each segment to represent the safety warning
display. In this case, the progressive brake warning
system could take priority over the safety envelope
information and for example expand the number of red lights
could chase yellow lights outwards such that depending on
the level of deceleration and the extend of violation of
the safety distances, both red and yellow lights could be
displayed at the same time. For example, if the proximity
violation signal was set, causing illumination of central
lamp 15a and pair of lamps 15b, any light braking would
automatically change lamp 15a to red (in this manner acting
as a CHMSL) whilst lamps 15c could also be actuated to emit
yellow light as well as lamps 15b. Naturally, since the
subject vehicle 16 is decelerating at this time, further
yellow lamps might be illuminated if the trailing vehicle
18 does not take appropriate action by decelerating itself.

In an alternative form, the severity of encroachment or
level of deceleration can be displayed by increasing the
intensity of the lamps actuated in the display system 10.
A useful way of varying the 1light intensity is to drive
LED's using a pulse train, the frequency of which is
increased in order to increase intensity. For example, by
driving a first lamp or LED array at say 67 Hertz (or other
frequency above that perceived by the eye as flashing) a
first level of intensity is perceived. As a second stage
of illumination, a first and second lamp might be driven
at, say, 90 Hertz or approximately a 30% increase in rate.
A further level of severity depicted by the warning display
can be achieved by increasing the number of lamps
displayed, for example, lamps 15a to 15c¢ and increasing the
rate of illuminating by a further 30%. A yet further level
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can be achieved for example by illuminating lamps 15a to
15d and further increasing the repetition rate by say 40%
so that the lamps are actuated twice as guickly as the
original rate. This results in an increase in intensity of
the lamp of some 40 to 50%. By way of example of the
display, Figure 2b shows the situation of 1light braking
discussed earlier and also vehicle encroachment within the
safety envelope. Hence, CHMSL 15a is illuminated and also
essential and in a pair of lamps of the first light array

12 are illuminated.

Beneficially the rise time to near maximum intensity of an
LED is much shorter than that for a standard bulb, this
means, for example, that a much gquicker initial display
effect can be achieved as well as enabling the pulse
control just described for relatively short 'on' pulses
without loss of performance. A further advantage of using
LEDs is that they can emit light e.g. directionally and
thus the drivers of cars in lanes adjacent the subject
vehicle 16 need not have the safety display forced on them,
or at least not a bright display. Means can be used to
make the LEDs appear as one light - such as by a focusing
lens, or the display can allow the LEDs to be seen

individually.

For all the systems described a similar safety display can
be provided inside the trailing vehicle 18 which is visible
to the driver. Thus communication means between vehicles

can be used.

Referring to Figures 3 to 5 there is shown a first
embodiment of a housing 30 comprising a front plate 31 for
a radar device according to the invention. Housing 30
comprises an input channel 42 which splits into two
channels 40 which lead to two outlet/inlets or horns 32 and
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34. A radiation generator 36 produces electromagnetic
radiation of a suitable wavelength such as in the microwave
or radio wavelength regime. For example, microwave
radiation in the order of 24.125 giga Hertz can be used
where the dimension E of input waveguide or channel 42
could be 4.32mm. The basic operation of the radar is known
from WO92/01951 and it will be appreciated therefore that
the radiation passes through channels 40 and horns 32 and
34 which then also act as receivers which return reflected
radiation back to channel 40 where a signal is received by
dipole antennas or, as referred to in the art, diodes 44
suitably positioned equidistantly from axis C running
through channel 42. The diodes 44 can be positioned one
quarter wavelength apart from axis C such that dimension D
could be about 17mm and naturally the wavelength of the
radiation could be varied in order to ensure that the
diodes 44 are suitably positioned. Other electronics used
in the processing of the signal from diodes 44 can be
placed in cavity 38 between the horns 32 and 34.
Preferably the cavity is protected by a plate 52 as shown
in Figure 4 which extends across cavity 38 from the ends of

housing 30.

It can be seen from Figure 4 that whilst horns 32 and 34
are flared in the front elevation shown in Figure 3, they
have a uniform depth. This is quite unlike known housings
of this type wherein the horn is also tapered in this
direction. This provides the benefit of reduced
manufacturing costs when preparing front plate 31 for
housing 30. For example, the housing block can be cast,
moulded or milled or otherwise suitably formed but does not
now require a difficult shape to be produced for the horns
32 and 34. As shown in the front elevational view of rear
plate 48 of housing 30 and in particular in Figure 6 of the
section taken along 1line 6-6, the rear wall 50 of back
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plate 48 is flat from left to right and so it too is no
longer tapered in the transverse direction. Additionally,
by providing a large cavity particular advantages are
obtained in being able to place all the electronics used to
drive the radar within this cavity. This is also found to
reduce manufacturing costs as well as reduce
electromagnetic interference in operation. Additionally,
benefits are obtained in the ease of fitting the radar
system to the subject vehicle 16 for example or other body
since only the housing itself needs to be attached and a
simple communication channel can then be connected to the
radar to communicate with the vehicle or other system. For
example a simple cable connection could be used for a
communication path and this could also provide a path for

power supply to the radar.

In an alternative embodiment a wedge such as 60 or 70 as
shown in Figures 7 and 8 respectively is used in place of a
horn on a radar device of Figure 3. For example, housing
plate 31 could be used by removing horns 32 and 34 along
with the rest of the casing to leave a rectangular aperture
at point 46 at the ends of channel 40. A wedge 60 or 70
having a suitably sized connecting 1lug 62 or 72
respectively can then be inserted into the channel at point
46 to provide both a transmitter and receiver for the
radar. A radar 90 1is shown in Figure 9 which could

comprise wedges 60 or 70.

As can be seen from Figure 7e, the antenna 60 can be seen
to be wedge shaped, tapering in its transverse dimension
from a rectangle at the connecting end adjacent to lug 62
to a tip 66 at the other end. Three views are provided of
a further embodiment of a wedge shaped antenna 70 where its
dimensions could for example be as follows: 80, 10.68mm;
81, 10mm; 82, 13mm; 83, 60mm; 84, 10.68mm; 85,
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approximately 1lmm but preferably less; 86, 4.68mm; and 88,
émm. The antenna could for example be made from PTFE but
other suitable materials could be used which are
transparent to microwaves and, radiowaves, or the

particular type of radiation being used.

As can be seen from the drawings, the antenna tapers in
only one dimension and is therefore relatively simple to
manufacture. The orientation of the antenna relative to a
suitably adapted housing 30 is such that antenna 60 or 70
is positioned so that its inwardly directed taper is in the
same direction as the outwardly directed taper of horns 32
and 34 shown in Figure 3. Thus, if inserted at points 46
in Figure 3, antenna 60 would appear as shown in Figure 7a.
A particular benefit of using wedge antennas is that they
themselves prevent the ingress of dirt or other particles

into the radar housing.

As is known from W092/019857, there are certain critical
factors necessary to obtain accurate directional and speed
information from a radar of the type having two mixing
points for reception of a signal by two diodes. The
skilled man is therefore referred to that document for
reference to how to obtain the information from such a
system, and all such information is incorporated herein by

reference.

It is found that by reducing the cost of manufacture and
improving for example the ease of fitting of a suitable
radar system, a device can be provided which can more
economically be produced and viably used to obtain the
benefits of the system.

The reduction in cost of this type of radar enable it to be

used for example in proximity sensing to determine the
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separation of an object from the radar system as well as in

speed and direction monitoring. Therefore, a radar system

of the above designs can be used in relation to the display

system described in W093/15931 to provide both the
information for determining deceleration of a vehicle
independent of the braking system and also for providing a
proximity sensor in order to terminate the display signal
as described in that patent. Since the data devised from
such a system provides directional information, it can be
linked to any safety system described herein to give a
warning regarding the direction of movement for example of
a vehicle. This is beneficial for 1large vehicles
especially when reversing and an audible as well as visual

warning can be given.

Figure 9 shows a radar system 90 capable of the various
functions described herein, where the waveguide horn 60 are
additionally perfected by a housing comprising a series of
shields 92, 93 and 94 which protect the radar waveguide and
horns from outside elements. Each of the protection panels
92 to 94 comprise an aperture 95 which enables a beam B to
be reflect on an internal reflector 91 thereby enabling
beams to be received and transmitted from horn 60. The
radar system 90 comprising an incoming waveguide 96 from a
radar or microwave source for example, and receiving diodes

not shown.

Beneficially the radar, or ground speed sensor 90, is easy
to manufacture, low cost and can house all the electronics
at the back of its casing thereby reducing space
requirement and enabling ease of fitting to the underside
of a vehicle chassis for example. Advantageously, the
surrounding casing 97 protects the antenna 60 and
electronics from water and dirt for example. Thus, the
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attenuation of signals due to these factors can be

mitigated.

Figure 10 shows a vehicle V having an airbag system
according to the invention. The airbag system comprises
airbags 100, 102, 104 and 106 which protrude outwardly from
the side and end panelling of the vehicle. The entire side
and end surfaces of a vehicle could be protected with such
an airbag system in a preferred form. In Figure 10 the
airbags 100 to 106 are shown in an expanded operable
position ready to absorb impact from another vehicle or

crash barrier for example.

Figure 11 shows one airbag e.g. 102, in a contracted state
within a recess 108 in the vehicle side panel P. The
airbag can be expanded using for example a pressurized gas
system 110, in an emergency. Each airbag and airbag
chamber can be inflated separately. For example, airbags
at the front of the vehicle can be activated upon rapid
deceleration of the vehicle detected by a ground speed
sensor described herein for example. As a very final
response level in the intelligent safety envelope system
described herein, airbag 106 could be expanded or deployed
if the safety system detects that the trailing vehicle 18
is approaching vehicle V at a rate that impact is

inevitable.

In a preferred form as shown here, the airbags e.g. 102
comprise a series of airbag compartments such as 118, 120
and 122. All three airbags are housed within recess 108
and protected by device 116 which can attach to the vehicle
side panelling. In the expanded state, all three protrude
from the vehicle side panelling as to provide cushioning
against impact. Preferably, the compartments are
rupturable separately from one another and are not of the
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known vented type. More preferably the compartments are
rupturable at different internal pressures by for example
airbag 118 ruptures at a 1lower pressure than airbag 120
which in turn explodes at a lower pressure compared to
airbag 122. Thus a cascade of energy absorbing impacts
between the airbags and an external body is provided.

For example, the individual airbag compartment 118 etc can
be made for example from a somewhat elastic resilient
material which is provided with a rupturable device of some
description which is calibrated to allow gas to escape from
the compartment when the internal pressure within the
compartment exceeds a predetermined level. In an
alternative form, the internal bag bursts at the lowest
pressure with the cascade working in the opposite sense
described above. In alternative forms, any number of bags
or compartments can be provided in a series extending
outwardly from the vehicle from say 2 to 10 or more.

Beneficially, the airbags help to prevent intrusion of an
outside object into a vehicle. Additionally, the corners
of a vehicle can be protected by providing overlapping
airbags from the sides and ends of a vehicle as shown at
position O in Figure 10. The airbags could be made from
extremely strong materials such as plastics or fibrous
composites for example which resist bursting other than by
the designed rupturable means. Thus, the airbags will
protect the driver or passengers in the vehicle from sharp
objects since the bags will tend to resist intrusion of a

sharp object due to the strong materials.

The side input airbags/compartments can be inflated upon
detection of a closing object using a proximity sensor
positioned to detect objects at the side of the vehicle.
Preferably the sensor enables calculation of the closing
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speed of the object and whether impact is inevitable.
Inflation of any of the external airbags could also be used

to cause inflation of any internal airbags.

The air bags of Figure 10 may be replaced by bumpers
disposed along the rear of the subject vehicle and
optionally the sides and front of the subject vehicle, the
bumpers being mounted on rapidly extensible hydraulic rams
of a type which facilitate the absorption of impact energy.
Instead of inflating air bags as described above, the
hydraulic rams could be actuated by the controller in order
to deploy the bumpers in order to provide means for
absorbing impact energy. The controller would therefore be
operable to determine from proximity and closing velocity
information whether an impact with a trailing vehicle or
other object was likely to be about to occur and to actuate
the impact energy absorbing means accordingly so as to
deploy either the air bag or bumper devices to positions
externally of the subject vehicle and between the object
and the subject vehicle at the expected point of impact.

Throughout the description and claims the term trailing
vehicle is used to indicate a vehicle separate from the
subject vehicle and which is generally proceeding so as to
follow the subject vehicle, typically along a common

roadway or railway.
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CLAIMS

1. A safety system (10) for vehicles comprising a
controller fitted in use to a subject vehicle (16), sensor
means (20) fitted to the subject vehicle in use and
operable to sense a distance of separation and/or a
relative velocity of a trailing vehicle (18) and operable
to input data signals representative thereof to the
controller, velocity sensing means (97) operable to sense
the velocity of the subject vehicle relative to the ground
and to input to the controller a velocity signal
representative thereof, wherein the controller is operable
to processes the received velocity signal and data signals
to determine the existence of an unsafe condition, and the
safety system further comprising warning means (10)
controlled by the controller and operable to warn a driver
of the trailing vehicle of the existence of the unsafe

condition.

2. A safety system as claimed in claim 1 wherein the
controller is operable to determine the existence of the
unsafe condition by determining a safe distance
corresponding to a safety envelope to the rear of the
subject vehicle within which any incursion by the trailing
vehicle constitutes the existence of an unsafe condition.

3. A safety system as claimed in claim 2 wherein the safe
distance 1is determined to be substantially the safe
stopping distance of a vehicle travelling at the velocity

of the trailing vehicle.
4. A safety system as claimed in any of claims 1 and 2

wherein the safe stopping distance 1is determined to be
proportional to the velocity of the subject vehicle.
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5. A safety system as claimed in any of claims 2 to 4
wherein the controller is operable to determine an enhanced
safe distance corresponding to an enlarged safety envelope
and wherein the warning means is operable to indicate a
first level of warning corresponding to incursion by the
trailing vehicle into the enlarged safety envelope and a
second level of warning which is more prominently presented
to the driver than the first 1level of warning and

corresponds to any incursion into the safety envelope.

6. A safety system as claimed in claim 5 comprising
ground condition communication means operable to input to
the controller a signal representative of the condition of
the ground and or other driving conditions and wherein the
controller is operable to determine the enhanced safe
distance corresponding to the enlarged safety envelope
according to the extent to which the ground condition
communication means indicates adverse ground conditions
likely to affect traction between the subject vehicle and

the ground.

7. A safety system as claimed in any of claims 5 and 6
wherein the sensor means is operable to sense both the
distance of separation and the relative velocity of the
trailing vehicle and wherein the controller is operable to
determine whether the relative velocity of the trailing
vehicle relative to the subject vehicle when entering the
enlarged safety envelope is greater than a threshold value
of relative velocity and, if so, is operable to actuate the

warning means to indicate the second level of warning.
8. A safety system as claimed in claim 7 wherein the

ground condition communication means comprises means fitted

to the subject vehicle for sensing at least one of rain,
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snow and ice and communicating a signal representative

thereof to the controller.

9. A safety system as claimed in any preceding claim
wherein the sensor means comprises a radar system
transmitting and receiving radar pulses, from which
received pulses information is derived sufficient to
determine both the proximity and relative speed of the

following vehicle.

10. A safety system as claimed in any of claims 5 to 9
wherein the warning means comprises a display (10) carried
by the subject vehicle and positioned for viewing by the
driver of the trailing vehicle.

11. A safety system as claimed in any of claims 5 to 10
further comprising communication means operable between the
controller of the subject vehicle and a warning device
fitted in use to the trailing vehicle, whereby the warning
means is operable to indicate a warning to the driver of

the trailing vehicle via the warning device.

12. A safety system as claimed in any preceding claim
wherein the velocity sensing means comprises a sensor (97)
mounted on the subject vehicle and responsive independently
of elements of the subject vehicle's transmission train to
movement of the ground relative to the subject vehicle.

13. A safety system as claimed in claim 12 wherein the
velocity sensing means comprises a sensor constituted by a

doppler shift radar device.

14. A safety system as claimed in any preceding claim
wherein the controller is operable to actuate an impact

1905



WO 96/02853 PCT/GB95/01670

10

15

20

25

30

32

absorbing device (100, 102, 104, 106) deployed internally

or externally of the subject vehicle.

15. A safety system as claimed in claim 14 wherein the
impact absorbing device comprises an air bag (100, 102,
104, 106) inflatable so as to be deployed externally of the
subject vehicle and/or bumpers extensible by means of
hydraulic rams operable to absorb energy upon impact.

16. A safety system for vehicles having means fitted in
use to a subject vehicle for determining the magnitude of
acceleration and deceleration of the subject vehicle and
connected to a visible display mounted on the subject
vehicle operable to indicate to an observer remote from the

vehicle the magnitude of acceleration and deceleration.

17. A safety system as claimed in claim 16 wherein the
visible display comprises an array of lights mounted on the
side or sides of the subject vehicle.

18. A safety system as claimed in claim 17 wherein a
first coloured array of lights represents acceleration and
a second coloured array of lights represents deceleration,
the number and/or intensity of actuated lights of a given
colour representing the magnitude of the acceleration or

deceleration respectively.

19. A safety system for vehicles comprising an anti-lock
braking system fitted to a subject vehicle and operable to
regulate operation of the subject vehicle's brakes in
response to a signal generated by a speed sensor and
representative of the speed of the subject vehicle relative
to the ground, characterised in that the speed sensor is a
radar system (97) operable to direct radiation towards the
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ground and to determine the speed by receiving and
analysing radiation reflected from the ground.

20. A safety system as claimed in claim 19 wherein the
radar system is operable to determine speed by measurement
of a doppler shift in the frequency of the reflected

radiation.

21. A safety system for vehicles comprising at least one
impact energy absorbing device (100, 102, 104, 106) fitted
to a subject vehicle, determining means responsible to
output signals of the sensor means for determining whether
the object is about to impact with the subject vehicle and
actuating means responsive to the determining means to
actuate the at least one impact energy absorbing device so
as to be deployed at a position externally of the subject
vehicle so as to be between the object and the subject

vehicle.

22. A safety system as claimed in claim 21 wherein the
impact energy absorbing device is an inflatable bag device
comprising two or more inflatable bags (118, 120, 122)
deployed when inflated so as to constitute successive
layers including an inner bag (122) proximate the subject
vehicle and an outer bag (118) distal to the subject

vehicle.

23. A safety system as claimed in claim 22 comprising
deflation means operable to deflate one or more of the bags
in response to pressure within the respective bag exceeding

a predetermined pressure level.
24. A safety system as claimed in claim 23 wherein the

deflation means is operable to deflate bags in successive
layers at pressure levels which decrease progressively from
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the inner bag to the outer bag whereby in use the outer bag
is deflated prior to deflation of the inner bag in response
to impact between the object and the subject vehicle.

25. A safety system as claimed in any of claims 23 and 24
wherein the deflation means comprises rupturable membranes
forming parts of side walls of respective bags and arranged
to rupture at respective predetermined pressure levels.

26. A safety system as claimed in any of claims 21 to 25
wherein the air bag device comprises three inflatable bags.

27. A safety system as claimed in any of claims 21 to 26
comprising a plurality of air bag devices (100, 102, 104,
106) located so as to be deployed at the front, rear, left
side and right side respectively of the subject vehicle.

28. A safety system as claimed in claim 21 wherein the
impact energy absorbing device comprises at least one
bumper extensible by means of hydraulic ram means capable

of absorbing energy when the bumper receives an impact.
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CORE TERMS: subsystem, processor, sensor, engine, notification, manifold, throttle, road,
register, fuel, alarm, memory, stopping, overinjection, decreasing, activate, driver, upshift,
downshift, brake, proximity, issuing, stored, windshield wiper, alert, corrective action, mph,
excessive, audible, optimizing

ENGLISH-ABST:

Apparatus for optimizing operation of an engine-driven vehicle. The apparatus includes a
processor subsystem, a memory subsystem, a road speed sensor, an engine speed sensor, a
manifold pressure sensor, a throttie position sensor, a radar detector for determining the
distance separating the vehicle from an object in front of it, a windshield wiper sensor for
indicating whether a windshield wiper of the vehicle is activated, a brake sensor for determining
whether the brakes of the vehicle have been activated, a fuel overinjection notification circuit
for issuing notifications that excessive fuel is being supplied to the engine of the vehicle, an
upshift notification circuit for issuing notifications that the engine of the vehicle is being
operated at an excessive engine speed, a downshift notification circuit for issuing notifications
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that the engine of the vehicle is being operated at an insufficient engine speed, a vehicle
proximity alarm circuit for issuing an alarm that the vehicle is too close to an object in front of
the vehicle and a throttle controller for automatically reducing the amount of fuel supplied to
the engine if the vehicle is too close to the object in front of it. Based upon data received from
the sensors and data stored in the memory subsystem, the processor determines whether to
activate the fuel overinjection notification circuit, the upshift notification circuit, the downshift
notification.circuit, the vehicle proximity alarm circuit or the throttle controller.

NO-OF-CLAIMS: 32
NO-OF-FIGURES: 3
NO-DRWNG-PP: 3

SUMMARY:

1. Fiéld of the Invention

The present invention generally relates to an apparatus for optimizing vehicle operation and,
more particularly, relates to a system which both notifies the driver of recommended
corrections in vehicle operation and, under certain conditions, automatically initiates selected
corrective action.

2. Description of Related Art

It has long been recognized that the improper operation of a vehicle may have many adverse
effects. For example, the fuel efficiency of a vehicle may 'vary dramatically based upon how the
vehicle is operated. More specifically, operating a vehicle at excessive speed, excessive RPM
and/or excessive manifold pressure will result in both reduced fuel economy and increased
operating costs. The aforementioned increased operating costs can be quite considerable,
particularly for an owner or operator of a fleet of vehicles. To correct these types of improper
vehicle operations are often surprisingly simple. For example, upshifting the drive gear will
typically eliminate an excessive RPM condition. However, even when the solution is quite
simple, oftentimes, the driver will be unaware of the need to take corrective action.

A variety of patents have disclosed systems, commonly referred to as "shift prompters”, which
monitor the operation of a vehicle and advises the operator of the vehicle when to take certain
actions. Numerous ones of these devices include sensors which measure engine speed and
vehicle speed. See, for example, U.S. Pat. No. 4,492,112 to Igarashi et al., U.S. Pat. No.
4,631,515 to Blee et al. and U.S. Pat. No. 4,701,852 to Ulveland. Certain ones, however,
disclose the use of other types of sensors as well. For example, U.S. Pat. No. 4,524,460 to
Weber is directed to a driving aid indicator which includes vehicle speed, manifold pressure,
throttle position and engine speed sensors. U.S. Pat. No. 4,752,883 to Asakura et al. and U.S.
Pat. No. 4,868,756 to Kawanabe et al. are directed to upshift notification devices which include
sensors for measuring engine speed, vehicle speed, manifold pressure and cooling water
temperature. Finally, U.S. Pat. No. 4,853,673 to Kido et al. discloses a shift indicator system
which includes sensors for measuring engine speed and throttle position. Generally, the above-
listed patents all provide displays intended to enable the driver to operate the vehicle in a
manner leading to uniform performance and maximum fuel economy. However, Blee et al.
discloses the use of audible warnings as well as a speed controller to prevent further increases
in engine speed if the driver ignores previously issued warnings.

Improper vehicle operation has other adverse effects as well. It is well known that the faster a
vehicle travels, the longer it takes to stop. Thus, what may be a safe separation distance

between successive vehicles when a vehicle is traveling at 35 mph may be unsafe if that vehicle
is traveling at 50 mph. Road conditions also play a role in determining the safe separation
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distance between vehicles. For example, greater separation distances are generally
‘recommended when roads are wet. As a result, therefore, based on the combination of a
vehicle's speed, the distance separating the vehicle from a second vehicle in front of it and road
conditions, many vehicles are operated unsafely. To correct this situation, a reduction in
operating speed, an increase in vehicle separation or some combination thereof, is required.

It may be readily seen from the foregoing that it would be desirable to provide a system which
integrates the ability to issue audible warnings which advise the driver to correct operation of
the vehicle in a manner which will enhance the efficient operation thereof with the ability to
automatically take corrective action if the vehicle is being operated unsafely. It is, therefore,
the object of the invention to provide such a system.

In one embodiment, the present invention is directed to an apparatus for optimizing operation
of an engine-driven vehicle. The apparatus includes a processor subsystem, a memory
subsystem, plural sensors, including road speed, manifold pressure and throttle position
sensors, for collectively monitoring operation of the vehicle and a fuel overinjection notification
circuit for issuing notifications that excessive fuel is being supplied to the engine of the vehicle.
The processor subsystem receives data from the sensors and, from the received data,
determines when to activate the fuel overinjection circuit. In one aspect thereof, the processor
subsystem determines when road speed for the vehicle is increasing, determines when throttle
position for the vehicle is increasing, compares manifold pressure and a manifold pressure set
point stored in the memory subsystem and activates the fuel overinjection notification circuit if
both road speed and throttle position for the vehicle are increasing and manifold pressure for
the vehicle is above the manifold pressure set point. .
In further aspects thereof, the sensors may include an engine speed sensor and the processor
subsystem may determine when road speed for the vehicle is decreasing, when throttle position
for the vehicle is increasing, when manifold pressure for the vehicle is increasing, when engine
speed for the vehicle is decreasing and may activate the fuel overinjection notification circuit if
both throttle position and manifold pressure for the vehicle are increasing and road speed and
engine speed for the vehicle are decreasing.

In still further aspects thereof, the apparatus may also include an upshift notification circuit,
activated by the processor subsystem based upon data received from the sensors, which issues
notifications that the engine of the vehicle is being operated at excessive engine speeds. In this
aspect, the processor subsystem determines when road speed for the vehicle is increasing,
when throttle position for the vehicle is increasing, compares manifold pressure to a manifold
pressure set point stored in the memory subsystem, compares engine speed to an RPM set
point stored in the memory subsystem and activates the upshift notification circuit if both road
speed and throttle position for the vehicle are increasing, manifold pressure for the vehicle is at
or below the manifold pressure set point and engine speed for the vehicle is at or above the
RPM set point.

In still yet further aspects thereof, the apparatus may also include a downshift notification
circuit, activated by the processor subsystem based upon data received from the sensors, which
issues a notification that the engine of the vehicle is being operated at an insufficient engine
speed. The processor subsystem may determine when road speed for the vehicle is decreasing,
when throttie position for the vehicle is increasing, when manifold pressure for the vehicle is
increasing, when engine speed for the vehicle is decreasing and may activate the downshift
notification circuit if both road speed and engine speed are decreasing and both throttie position
and manifold pressure for the vehicle are increasing. :

In still further aspects thereof, the fuel overinjection' circuit, the upshift notification circuit or the
downshift notification circuit may include a horn for issuing a tone for a preselected time period.

In another embodiment, the present invention is of an apparatus for optimizing operation of a
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vehicle. The apparatus includes road speed, engine speed, manifold pressure and throttle
position sensors, a processor subsystem coupled to each of the sensors to receive data
therefrom and a memory subsystem, coupled to the processor subsystem, for storing a
manifold pressure set point, an engine speed set point and present and prior levels for each one
of the sensors. The apparatus further includes a fuel overinjection notification circuit, an upshift
notification circuit and a downshift notification circuit, all of which are coupled to the processor
subsystem. The fuel overinjection notification circuit issues notifications that excessive fuel is
being supplied to the engine of the vehicle, the upshift notification circuit issues notifications
that the engine of the vehicle is being operated at an excessive engine speed and the downshift
notification circuit issues notifications that the engine of the vehicle is being operated at an
insufficient engine speed. Based upon data received from the sensors, the processor subsystem
determines when to activate the fuel overinjection circuit, the upshift notification circuit and the
downshift notification circuit. In one aspect thereof, the fuel overinjection circuit includes a first
horn for issuing a first tone for a first preselected time period, the upshift notification circuit
includes a second horn for issuing a second tone for a second preselected time period and the
downshift notification circuit includes a third horn for issuing a third tone for a third preselected
time period.

In another aspect thereof, the processor subsystem may determine when road speed for the
vehicle is increasing or decreasing, engine speed is increasing or decreasing, throttle position
for the vehicle is increasing and manifold pressure is increasing; may compare manifold
pressure to the manifold pressure set point and engine speed to the RPM set point; and may
activate the fuel overinjection notification circuit if both road speed and throttie position for the
vehicle are increasing and manifold pressure for the vehicle is above the manifold pressure set
point or if both throttle position and manifold pressure for the vehicle are increasing and road
speed and engine speed for the vehicle are decreasing, the upshift notification circuit if both
road speed and throttle position for the vehicle are increasing, manifold pressure for the vehicle
is at or below the manifold pressure set point and engine speed for the vehicle is at or above
the RPM set point and the downshift notification circuit if both road speed and engine speed are
decreasing and both throttle position and manifold pressure for the vehicle are increasing.

In another aspect, the present invention is of an apparatus for optimizing operation of a vehicle
which includes a radar detector for determining a distance separating a vehicle having an
engine and an object in front of the vehicle and at least one sensor for monitoring operation of
the vehicle. The apparatus further includes a processor subsystem, a memory subsystem and a
vehicle proximity alarm circuit. The processor subsystem is coupled to the radar detector and
the at least one sensor to receive data therefrom while the memory subsystem, in which a first
vehicle speed/stopping distance table and present levels for each one of the at least one sensor
are stored, and the vehicle proximity alarm circuit are coupled to the processor subsystem.
Based on data received from the radar detector, the at least one sensor and the contents of the
memory subsystem, the processor determines when to instruct the vehicle proximity alarm
circuit to issue an alarm that the vehicle is too close to the object.

In one aspect thereof, the at least one sensor further includes a windshield wiper sensor for
indicating whether a windshield wiper of the vehicle is activated and a second vehicle
speed/stopping distance table is stored in the memory subsystem. In another aspect thereof,
the apparatus further includes a throttle controller for controlling a throttle of the engine of the
vehicle. The processor subsystem may selectively reduce the throttle based upon data received
from the radar detector, the at least one sensor and the memory subsystem or may also count
a total number of vehicle proximity alarms determined by the processor subsystem and
selectively reduce the throttle based upon the total number of vehicle proximity alarms, as well.
In yet another aspect thereof, the at least one sensor further includes a brake sensor for
indicating whether a brake system of the vehicle is activated.

In other aspects thereof, the apparatus may be further provided with a fuel overinjection

notification circuit for issuing a notification that excessive fuel is being supplied to the engine of
the vehicle, an upshift notification circuit for issuing a notification that the engine of the vehicle
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is being operated at an excessive engine speed or a downshift notification circuit for issuing a
notification that the engine of the vehicle is being operated at an insufficient engine speed. If a
fuel overinjection notification circuit is provided, the apparatus includes a manifold pressure
sensor and a throttle position sensor which also provide the processor subsystem with data
used, together with a manifold pressure set point and prior levels for the sensors stored in the
memory subsystem, to determine when to activate the fuel overinjection circuit. If an upshift
notification circuit is provided, the apparatus includes an engine speed sensor which also
provides the processor subsystem with data used, together with an RPM set point stored in the
memory subsystem, to determine when to activate the upshift notification circuit. Finally, if a
downshift notification circuit is provided, the processor subsystem determines when to activate
the downshift notification circuit based upon the data received from the plurality of sensors.

In still another embodiment, the present invention is of an apparatus for optimizing operation of
a vehicle which includes a radar detector for determining a distance separating the vehicle from
an object in front of it, a plurality of sensors, including a road speed sensor, an engine speed
sensor, a manifold pressure sensor and a throttle position sensor, which collectively monitor the
operation of the vehicle, a processor subsystem, a memory subsystem, a fuel overinjection
notification circuit for issuing notification that excessive fuel is being supplied to the engine of
the vehicle and a vehicle proximity alarm circuit for issuing alarms if the vehicle is too close to
the object. Based upon data received from the sensors, the processor subsystem determines
when to activate the fuel overinjection circuit. Based upon data received from the radar
detector, the sensors and the memory subsystem, the processor subsystem also determines
when to activate the vehicle proximity alarm circuit.

In one aspect of this embodiment of the invention, the processor subsystem determines when
‘road speed for the vehicle is increasing or decreasing, when throttle position for the vehicle is
increasing or decreasing, compares manifold pressure to a manifold pressure set point stored in
the memory subsystem, determines when manifold pressure for the vehicle is increasing or
decreasing and determines when engine speed for the vehicle is increasing or decreasing. In
this aspect, the processor subsystem activates the fuel overinjection notification circuit if both
road speed and throttle position for the vehicle are increasing and manifold préssure for the
vehicle is above the manifold pressure set point or if both throttle position and manifold
pressure for the vehicle are increasing and road speed and engine speed for the vehicle are
decreasing.

In a further aspect thereof, the apparatus may also include an upshift notification circuit for
issuing notifications that the engine of the vehicle is being operated at an excessive engine
speed, the processor subsystem determining when to activate the upshift notification circuit
based upon data received from the sensors. In a related aspect thereof, the processor
subsystem determines when road speed for the vehicle is increasing, determines when throttle
position for the vehicle is increasing, compares manifold pressure to a manifold pressure set
point stored in the memory subsystem and compares engine speed to an RPM set point stored
in the memory subsystem. In this aspect, the processor subsystem activates the upshift
notification circuit if both road speed and throttle position for the vehicle are increasing,
manifold pressure for the vehicle is at or below the manifold pressure set point and engine
speed for the vehicle is at or above the RPM set point.

In still another aspect thereof, the apparatus may also include a downshift notification circuit
for issuing a notification that the engine of the vehicle is being operated at an insufficient
engine speed. In this aspect, the processor subsystem determines when to activate the
downshift notification circuit based upon data received from the sensors. In a related aspect
thereof, the processor subsystem determines when road speed for the vehicle is decreasing,
determines when throttle position for the vehicle is increasing, determines when manifold
pressure for the vehicle is increasing and determines when engine speed for the vehicle is
decreasing. In this aspect, the processor subsystem activates the downshift notification circuit if
both road speed and engine speed are decreasing and both throttle position and manifold
pressure for the vehicle are increasing.
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DRWDESC:

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention may be better understood, and its numerous objects, features and
advantages will become apparent to those skilled in the art by reference to the accompanying
drawing, in which:

FIG. 1 is a block diagram of an apparatus for optimizing vehicle performance constructed in
accordance with the teachings of the present invention; and

FIGS. 2A-B is a flow chart of a method for optimizing vehicle performance in accordance with
the teachings of the present invention.

DETDESC:

DETAILED DESCRIPTION

Referring first to FIG. 1, a system 10 for optimizing vehicle performance constructed in
accordance with the teachings of the present invention will now be described in greater detail.
The system 10 includes a processor subsystem 12, for example, a microprocessor, and a
memory subsystem 14, for example, the memory subsystem 14 may include a nonvolatile
random access memory (or "NVRAM"), coupled together by a bus 16 for bi-directional
exchanges of address, data and control signals therebetween. The system 10 is installed in a
vehicle (not shown) for which optimized performance and driver assist capabilities are desired.
Although it is contemplated that the system 10 is suitable for use with any type vehicle, most
commonly, the system 10 shall be installed in a truck.

Also coupled to the processor subsystem 12 are a series of sensors, each of which are
periodically polled by the processor subsystem 12, to determine the respective states or levels
thereof. The sensors include a road speed sensor 18, an RPM sensor 20, a manifold pressure
sensor 22, a throttle sensor 24, a windshield wiper sensor 30 and a brake sensor 32. The
sensors are selected to be either state or level sensors, depending on whether the information
to be collected thereby is a state, i.e., on/off or a level, for example, 35 mph. The road speed
sensor 18 and the RPM sensor 20 are level sensors which respectively provide the processor
subsystem 12 with signals which indicate the operating speed and engine speed for the vehicle.
The road speed sensor 18 and the RPM sensor 20 may derive such information from any one of
a variety of sources. For example, the road speed sensor 18 may be connected to receive the
speed input signal transmitted to the vehicle's speedometer while the RPM sensor 20 may be
connected to receive the RPM input signal to the vehicle's tachometer. '

The manifold pressure sensor 22 is a level sensor which is positioned downstream of the
throttle valve in the intake manifold of the vehicle to measure manifold pressure thereat. The
throttle sensor 24 is a level sensor, attached to the throttle, which measures the extent to
which the throttle is opened. The windshield wiper sensor 30 is a state sensor which determines
whether the vehicle's windshield wipers are on or off. In alternate embodiments thereof, the
windshield wiper sensor 30 may be electrically coupled to the on/off switch for the windshield
wiper or to an output of the windshield wiper motor. Finally, the brake sensor 32 is a state
sensor which determines whether the brakes of the vehicle have been engaged. For example,
the brake sensor 32 may be electrically coupled to the brake system to detect the activation
thereof.
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Preferably, the memory subsystem 14 should include first and second registers 14a and 14b,
each having sufficient bits for holding the state/level of each of the sensors 18, 20, 22, 24, 30
and 32. The first register 14a is used to hold the present state or level of each of the sensors
18, 20, 22, 24, 30 and 32 while the second register 14b is used to hold the prior state or level
for each of the sensors 18, 20, 22, 24, 30 and 32. Each time the processor subsystem 12 writes
the present state or level of the sensors 18, 20, 22, 24, 30 and 32 to the first register 14a, the
prior contents of the first register 14a is written to the second register 14b which, in turn,
discards the prior content thereof. The memory subsystem 14 is also used to hold information
to be utilized by the processor subsystem 12 to determining whether to take corrective actions
and/or issue notifications. Typically, such information is placed in the memory subsystem 14
while the system 10 is being initialized. The information includes one or more speed/distance

" tables which, when used in @ manner which will be more fully described below in combination
with data collected by the system 10, enable the processor subsystem 12 to determine if the
vehicle is being operated unsafely and if corrective action is necessary. Speed/stopping distance
table. The information also includes two pre-set threshold values--a manifold psi set point and
an engine RPM set point. As will also be more fully described below, the processor subsystem
12 uses these threshold values to determine when to issue notifications as to recommended
changes in vehicle operation which, when executed by the driver, will optimize vehicle
operation. The speed/stopping distance table(s) are based upon National Safety Council
guidelines, vary according to the class of the vehicle and provide the relationship between the
speed at which a vehicle is travelling and the distance which the vehicle will require to come to
a complete stop if travelling at that speed. The manifold psi set point and RPM set point are
selected based upon the manufacturer's guidelines for proper operation of the vehicle, vary
based upon horsepower and engine size for the vehicle and represent thresholds above which
the manifold pressure and engine rotation speed, respectively, for the vehicle should never
exceed.

The system 10 also includes a throttle controller 26 capable of opening and/or closing the
throttle, a radar detector 28 positioned to determine the distance separating the vehicle and an
object in front of the vehicle, for example, a second vehicle travelling in the same direction, a
series of circuits 34, 36, 38 and 40 for notifying the driver of the vehicle of recommended
corrections in vehicle operation and alerting the driver to unsafe operating conditions and a
power supply, for example a +12 v battery, for providing power to the energy-demanding
components of the system 10. The circuits 34, 36, 38 and 40 include an upshift notification
circuit 34 for notifying the driver that an upshift is recommended, a downshift notification
circuit 36 for notifying the driver that a downshift is recommended, an overinjection notification
circuit 38 for notifying the driver that too much fuel is being supplied to the vehicle and a
vehicle proximity alarm circuit 40 for alerting the driver when an object in front of the vehicle is
too close. The circuits 34, 36 and 38 may be configured to provide visual and/or audible
notifications, for example, using lights and/or horns. For example, the upshift circuit 34, the
downshift notification circuit 36 and the overinjection notification circuit 38 may each include a
horn, or other tone generating device, from which an audible notification may be generated at a
selected pitch. Preferably, each of the notification circuits 34, 36 and 38 may be configured to
provide distinct audible notifications, for example, tones at distinct pitches, so that the driver

" may readily distinguish which of the notification circuits 34, 36 and 38 have been activated by
the processor subsystem 12. The proximity alarm circuit 40 may include one or more visual
and/or audible warning devices such as lights and/or horns. For example, the proximity alarm
circuit 40 may include a warning light and a warning horn. If desired, the proximity alarm
circuit may also include a display for displaying the speed of the object in the vehicle's path
and/or the stopping distance in feet. The proximity alarm circuit 40 may be further equipped to
provide audible indications of the speed of the object in the vehicle's path and/or the stopping
distance in feed as well as selector circuitry for selecting both the information to be provided as
well as the manner in which the information is to be conveyed.

Finally, the processor subsystem 12 is further provided with one or more mode select input

lines which enable operator configuration of the operation of the system 10. For example, as
described herein, the corrective operations consist of the combination of an automatic reduction
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of throttle and audio/visual alerts that the vehicle is being operated unsafely. It is specifically
contemplated, however, that the system 10 include a mode select line for switching the system
10 between an "active" mode where both automatic throttle reduction and audio/visual alerts
are generated and an "inactive” mode where only audio/visual alerts are generated.

Referring next to FIGS. 2A-B, a method for optimizing vehicle performance in accordance with
the teachings of the present invention will now be described in greater detail. The method
commences by powering up the processor subsystem 12, for example, by closing switch 42,
thereby coupling the processor subsystem 12 to the power source 44 via line 43. Alternately,
the processor subsystem 12 may be connected to the electrical system of the vehicle such that
it will automatically power up when the vehicle is started. Of course, any of the other devices
which also form part of the system 10 and require power may also be coupled to the line 43.
Appropriate voltage levels for the processor subsystem 12, as well as any additional power-
demanding devices coupled to the power source 44, would be provided by voltage divider
circuitry (not shown).

Once the system 10 is powered up, the method begins at step 50 by the processor subsystem
12 polling the road speed sensor 18, the RPM sensor 20, the manifold pressure sensor 22, the
throttle sensor 24, the windshield wiper sensor 30 and the brake sensor 32 to determine their
respective levels or states and places the acquired information in the first data register 14a. Of
course, it should be noted, however, that polling of the sensors by the processor subsystem 12
is but one technique by which the processor subsystem 12 may acquire the requisite
information. Alternately, each sensor 20, 22, 24,30 and 32 may periodically place its level or
state in one or more bits of the first data register 14a. The processor subsystem 12 would then
acquire information by checking the contents.of the first data register 14a at selected time
intervals.

Proceeding to step 52, the processor subsystem 12 examines the contents of the first data
register 14a to determine the operating speed of the vehicle. If the processor subsystem 12
determines that the vehicle is stationary, i.e., the operating speed of the vehicle is zero, the
processor subsystem 12 will return to step 50 where the road speed sensor 18, the RPM sensor
20, the manifold pressure sensor 22, the throttle sensor 24, the windshield wiper sensor 30 and
the brake sensor 32 will be repeatedly polled until an operating speed greater than zero is
detected at step 52. While polling may be conducted at a variety of time intervals, a polling
period of one second appears suitable for the uses contemplated herein.

Returning to step 52, once an operating speed greater than zero is detected by the processor-
subsystem 12, the method proceeds to step 54 where the processor subsystem 12 again polls
the operating speed sensor 18, the RPM sensor 20, the manifold pressure sensor 22, the
throttle sensor 24, the windshield wiper sensor 30 and the brake sensor 32, to determine their
respective levels or states and places the acquired information in the first data register 14a. In
turn, the contents of the first data register 14a is placed in the second data register 14b.

Proceeding now to step 56, from the polled value of the road speed sensor 18, the processor

. subsystem 12 determines whether the vehicle is travelling faster than 20 mph. If the operating
speed of the vehicle is less than 20 mph, the method returns to step 54 where the sensors 18,
20, 22, 24, 30 and 32 will be repeatedly polled and the value of the road speed sensor
examined until the processor subsystem 12 determines that the vehicle is travelling faster than
20 mph. If, however, the processor subsystem 12 determines that the vehicle is travelling
faster than 20 mph, the method proceeds to step 58 where the processor subsystem 12 then
determines if the vehicle is travelling faster than 50 mph, again by checking the contents of the
first data register 14a.

Past this juncture, the method of the present invention will proceed through a series of steps
designed to optimize vehicle operation. However, prior to optimizing vehicle operation, the

processor subsystem 12 will determine if the vehicle is being operated unsafely. If so, the
processor subsystem 12 will initiate corrective operations before commencing vehicle operation
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optimization. More specifically, if the processor subsystem 12 determines at step 58 that the
vehicle is travelling at a speed greater than 50 mph, the processor subsystem 12 will initiate a
process by which it will determine whether the vehicle is being operated unsafely.

The processor subsystem 12 determines that the vehicle is being operated unsafely if the speed
of the vehicle is such that the stopping distance for the vehicle d is greater than the distance
separating the vehicle from an object, for example, a second vehicle, in its path. In order to
make this determination, the processor subsystem 12 is provided access to at least one
speed/distance table. For example, stored at location 14c within the memory subsystem 14 is a
first speed/stopping-distance table. The speed/stopping distance table contains the relationship
between vehicle speed and stopping distance. Thus, for any given speed, the processor
subsystem 12 may look-up the stopping distance for that speed. Preferably, the memory
subsystem 14 should contain multiple speed/stopping distance tables so that differences in road
conditions and/or vehicle class may be taken into account. For example, the speed/stopping
distance table stored at location 14c may be a speed/stopping distance tabie for dry roads while
a speed/stopping distance table for wet roads may be stored at location 14d. If desired, the
memory subsystem 14 may also contain additional speed/stopping distance tables for other
vehicle classes. If such additional tables were provided, however, the disclosed method would
need to be modified to include additional steps in which the operator provides the vehicle's
class and the processor subsystem 12 selects the appropriate speed/stopping distance tables
for the indicated class of vehicle.

To make the aforementioned determination of unsafe vehicle operation, the method proceeds to
step 60 where the processor subsystem 12 sets the value of the expression ALARM to 1. The
method then proceeds to step 62 where the processor subsystem 12 examines the state of the
wiper sensor 32 and selects a speed/stopping distance table based upon the state of the wiper
sensor 32. If the state of the wiper sensor 32 indicates that the windshield wipér is off, the
processor subsystem 12 concludes that the vehicle is being operated - in dry conditions and
selects the speed/stopping distance table stored at the location 14c of the memory subsystem
14. If, however, the state of the wiper sensor 32 indicates that the windshield wiper is on, the
processor subsystem 12 concludes that the vehicle is being operated in wet conditions and
selects the speed/stopping distance table stored at the location 14d of the memory subsystem
14. From the selected speed/stopping distance table 14¢ or 14d, the processor subsystem 12
then retrieves the stopping distance for the speed at which the vehicle is travelling.

Continuing on to step 64, the processor subsystem 12 determines the distance of the vehicle to
an object in its path, i.e., a second vehicle travelling in front of the vehicle and in the same
direction. To do so, the processor subsystem 12 instructs the radar device 28 to determine the
distance between the vehicle and the second vehicle in front of it. Upon determining the
distance separating the two vehicles, the radar-device 28 transmits the determined separation
distance to the processor subsystem 12. At step 66, the processor subsystem 12 determines if
the two vehicles are separated by a safe distance. To do so, the processor subsystem 12
compares the distance separating the two vehicles to the retrieved stopping distance for the
vehicle. If the determined distance separating the two vehicles is greater than the retrieved
stopping distance for the vehicle, the processor subsystem 12 determines that the vehicle is
being operated safely. If, however, the determined distance separating the two vehicles is less
than the retrieved stopping distance, the processor subsystem 12 determines that the vehicle is
being operated unsafely.

If the processor subsystem 12 determines at step 66 that the vehicle is being operated
unsafely, the processor subsystem 12 initiates appropriate corrective action. At step 68, the
processor subsystem 12 determines whether the vehicle brake is on by examining the state of
the brake sensor 32. If the brake is on, the processor subsystem 12 concludes that the driver is
taking corrective action and that further corrective action is not necessary. If, however, the
processor subsystem 12 determines that the vehicle brake is off, the method proceeds to step
70 where the processor subsystem examines the level of the vehicle speed sensor to determine
if the speed of the vehicle is less than 35 mph. If the speed of the vehicle is less than 30 mph,
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the processor subsystem 12 concludes that no further corrective action will be taken.

If, however, the processor subsystem 12 determines that the speed of the vehicle is greater
than 35 mph, the method proceéds to step 72 where the processor subsystem 12 selects a
throttle reduction value based upon the value of the expression ALARM. Generally, the severity
of the corrective action to be initiated by the processor subsystem 12 is varied depending on
the number of times that corrective action has been taken and, more specifically, the severity
of the selective corrective action increases with the value of the expression ALARM. For
example, in the embodiment of the invention disclosed herein, if ALARM=1, a 25% throttle
reduction is selected, if ALARM=2, a 50 throttie reduction is selected and, if ALARM.gtoreq.3, a
100% throttle reduction is selected. By reducing the throttle, the transport of fuel to the engine
is retarded and the vehicle will begin to decelerate.

Continuing on to step 74, the processor subsystem 12 determines the extent to which the
throttle is open using the throttle level provided by the throttle sensor 24 and, using throttle
control 26, reduces the throttle by the selected percentage. At step 76, the processor
subsystem 12 selects an alert mode, again based upon the value of the expression ALARM. As
before, the severity of the alert mode may increase with the value of ALARM. For example,
when ALARM=1, a warning light may be activated in a flash mode while, when
2.ltoreq.ALARM.ltoreq.3, an audible alert which lasts for a first selected time period, for .
example, two seconds, may be activated in combination with the flashing warning light and
when ALARM.gtoreq.4, an audible alert which lasts for a second, longer, time period, for
example, six seconds, may be activated in combination with the flashing light.

Proceeding to step 78, the processor subsystem 12 issues an alert to the operator of the vehicle
in accordance with the selected alert mode. To do so, the processor subsystem 12 activates
vehicle proximity alarm circuit 40 in accordance with the selected alert mode. After issuing the
alert at step 78, the method proceeds to step 80 where the processor subsystem 12 waits a
selected period before taking any further action. The wait period is intended to provide
sufficient time to see if the previously initiated corrective action eliminates the hazardous
condition. As disclosed herein, a wait period of 10 seconds is suitable. However, wait periods of
various lengths should be equally suitable for the uses contemplated herein.

Upon expiration of the wait period, the value of the expression ALARM is incremented by one at
step 82 and, at step 84, the processor subsystem 12 again polls the operating speed sensor 18,
the RPM sensor 20, the manifold pressure sensor 22, the throttle sensor 24, the windshield
wiper sensor 30 and the brake sensor 32, to determine their respective levels or states and
places the acquired information in the first data register 14a. The method returns to step 64
where the distance between the vehicle and the object in its path is re-determined. The
processor subsystem 12 continues to take corrective action until it determines that the vehicle
is no longer being operated in a hazardous manner. More specifically, the processor subsystem
12 will conclude that the hazardous condition has been corrected when it either: determines at
step 66 that the distance separating the vehicle and the object is within the stopping distance
for the vehicle, determines at step 68 that the vehicle brake is on or determines at step 70 that
the speed of the vehicle is less than 35 mph. Upon making such a determination, the method
proceeds to step 86 where the processor subsystem 12 deactivated the vehicle proximity alarm
circuit 40 to turn off the flashing light.

The method of optimizing vehicle operation in accordance with the teachings of the present
invention will now be described in greater detail. Returning now to step 58, if the processor
subsystem 12 determines that the vehicle is travelling slower than 50 mph, or if the processor
subsystem 12 determines at step 66 that the distance separating the vehicle and the object is
within the stopping distance for the vehicle or if the processor subsystem 12 determines at step
68 that the vehicle brake is on or if the processor subsystem 12 determines at step 70 that the
speed of the vehicle is less than 35 mph, the method proceeds, after deactivation of the vehicle
proximity alarm circuit 40, to step 88 where the processor subsystem 12 determines if the road
speed of the vehicle is changing. To do so, the processor subsystem 12 compares the speed of
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the vehicle maintained in the first register 14a to the speed of the vehicle maintained in the
second register 14b.

If the vehicle speed maintained in the first register 14a is greater than the vehicle speed
maintained in the second register 14b, the vehicle is accelerating. If so, the method continues
to step 90 where the processor subsystem 12 determines if the throttle position is increasing.
To do so, the processor subsystem 12 compares the throttle level, i.e., the extent to which the
throttled is opened; maintained in the first register 14a to the throttle level maintained in the
second register 14b. If the throttle position has not increased, the processor subsystem 12
determines that, since the vehicle is accelerating but fuel consumption is not increasing, no
modification of vehicle operation is necessary. Accordingly, the method returns to step 54 for a
next polling of the sensors 18, 20, 22 24, 30 and 32.

If, however, the processor subsystem 12 determines at step 90 that the throttle position has
increased, the method proceeds to step 92 where the processor subsystem 12 determines if the
manifold pressure level maintained in the first register 14a has exceeded the manifold pressure
set point for the vehicle. If the vehicle's road speed and throttle position are increasing and the
manifold pressure for the vehicle is at or below the manifold pressure set point, the processor
subsystem 12 proceeds to step 93 where the sensors 18, 20, 22, 24, 30 and 32 are again
polled and on to step 94 where the processor subsystem 12 compares the engine speed level
maintained in the first register 14a to the RPM set point stored in the memory subsystem 14 to
determine if the engine speed has reached the RPM set point. If the engine speed has not
reached the RPM set point, the method returns to step 93 where the sensors 18, 20, 22, 24, 30
and 32 are repeatedly polled until the processor subsystem 12 determines that the engine
speed has reached the RPM set point. Once the engine speed has reached the RPM set point,
the processor subsystem 12 determines that the vehicle needs to be upshifted and, proceeding
to step 95, the processor subsystem 12 will activate the upshift notification circuit 34 to issue
an audible alert for a selected time period, for example, 6 seconds, thereby notifying the driver
that, in order to optimize vehicle operation, an upshift should be performed. The method then
returns to step 54 for a next polling of the sensors 18, 20, 22 24, 30 and 32.

Returning to step 92, if the vehicle's road speed and throttie position are increasing and the
manifold pressure for the vehicle is above the manifold pressure set point, the processor
subsystem 12 determines that too much fuel is being provided to the engine and proceeding to
step 96, the processor subsystem 12 will activate the overinjection notification circuit 38 to
issue an audible alert for a selected time period, for example, 6 seconds, thereby notifying the
driver that, in order to optimize vehicle operation, the amount of fuel being supplied to the
engine should be reduced. The method then returns to step 54 for a next polling of the sensors
18, 20, 22 24, 30 and 32.

Returning to step 88, if the processor subsystem 12 determines, when comparing the speed of
the vehicle maintained in the first register 14a to the speed of the vehicle maintained in the
second register 14b, that the speed of the vehicle is decreasing, the method proceeds to step
98 where the processor subsystem 12 determines if the throttle position is changing. To do so,
the processor subsystem 12 compares the throttle level, i.e., the extent to which the throttled
is opened, maintained in the first register 14a to the throttle level maintained in the second
register 14b. If the throttle position has either remained constant or decreased, the processor
subsystem 12 determines that, since fuel consumption is either constant or reduced, no
modification of vehicle operation is necessary. Accordingly, the method returns to step 54 for a
next polling of the sensors 18, 20, 22 24, 30 and 32.

If, however, the processor subsystem 12 determines at step 98 that the throttle position has
increased, the method proceeds to step 100 where the processor subsystem 12 determines if
the manifold pressure is increasing. To do so, the processor subsystem 12 compares the
manifold pressure level maintained in the first register 14a to the manifold pressure level
maintained in the second register 14b. If the manifold pressure level maintained in the first
register 14a is less than the manifold pressure level maintained in the second register 14b, the
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processor subsystem 12 determines that, since manifold pressure is decreasing, no modification
of vehicle operation is necessary. Accordingly, the method returns to step 54 for a next polling
of the sensors 18, 20, 22 24, 30 and 32.

If, however, the manifold pressure level maintained in the first register 14a is greater than the
manifold pressure level maintained in the second register 14b, the processor subsystem 12
determines that the manifold pressure for the vehicle is increasing and the method proceeds to
step 102 where the processor subsystem 12 determines if the engine speed is increasing. To do
so, the processor subsystem 12 compares the engine speed level maintained in the first register
14a to the engine speed level maintained in the second register 14b. If the engine speed level
maintained in the first register 14a is less than the engine speed level maintained in the second
register 14b, the processor subsystem 12 determines that, since engine speed is increasing, no
modification of vehicle operation is necessary. Accordingly, the method returns to step 54 for a
next polling of the sensors 18, 20, 22 24, 30 and 32.

If, however, the engine speed level maintained in the first register 14a is less than the engine
speed level maintained in the second register 14b, the processor subsystem 12 determines
that, since the manifold pressure is increasing while the engine speed is decreasing, too much
fuel is being supplied to the engine. Accordingly, at step 104, the processor subsystem 12
activates the overinjection notification circuit 38 to issue an audible alert for a selected time
period, for example, 6 seconds, thereby notifying the driver that, in order to optimize vehicle
operation, the amount of fuel being supplied to the engine should be reduced.

Proceeding on to step 106, the sensors 18, 20, 22 24, 30 and 32 are again polled and, at step
108, the processor subsystem 12 determines if the engine speed is decreasing, again by
comparing the engine speed level maintained in the first and second registers 14a and 14b. If
the engine speed has not decreased, the method returns to step 104 where the processor
subsystem 12 again activates the overinjection notification circuit 38 to issue another audible
alert notifying the driver that, in order to optimize vehicle operation, the amount of fuel being
supplied to the engine should be reduced. Thus, the driver will be repeatedly notified of the "
overinjection condition until the processor subsystem 12 determines, at step 108, that the
engine speed is decreasing. The method will then proceed to step 110 where, since the
processor subsystem 12 has determined that, since the engine speed is decreasing, the vehicle
should be downshifted. Accordingly, at step 110, the processor subsystem 12 activates the
downshift notification circuit 36 to issue an audible alert for a selected time period, for example,
6 seconds, thereby notifying the driver that, in order to optimize vehicle operation, the vehicle
should be downshifted. The method then returns to step 54 for a next polling of the sensors 18,
20, 22 24, 30 and 32. The method will repeatedly loop through the aforementioned process to
continuously determine if the vehicle is being operated unsafely, take appropriate corrective
action and to provide notifications to the driver as to how operation of the vehicle may be
optimized until the processor subsystem 12 is powered down or the vehicle is turned off.

Thus, there has been described and illustrated herein, an apparatus for optimizing vehicle
operation which combines both operator notifications of recommended corrections in vehicle
operation with automatic modification of vehicle operation under certain circumstances. By
incorporating the disclosed apparatus in a vehicle, not only will certain hazardous operations of
the vehicle be prevented but also the driver will be advised of certain actions which will enable
the vehicle to be operated with greater fuel efficiency. However, those skilled in the art will
recognize that many modifications and variations besides those specifically mentioned herein
may be made without departing substantially from the concept of the present invention.
Accordingly, it should be clearly understood that the form of the invention described herein is
exemplary only and is not intended as a limitation on the scope of the invention.

ENGLISH-CLAIMS:
Return to Top of Patent
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1. Apparatus for optimizing operation of a vehicle, comprising: a plurality of sensors coupled to
a vehicle having an engine, said plurality of sensors, which collectively monitor operation of said
vehicle, including a road speed sensor, an engine speed sensor, a manifold pressure sensor and
a throttle position sensor; a processor subsystem, coupled to each one of said plurality of
sensors, to receive data therefrom; a memory subsystem, coupled to said processor
subsystem, said memory subsystem storing therein a manifold pressure set point, an RPM set
point, and present and prior levels for each one of said plurality of sensors; a fuel overinjection
notification circuit coupled to said processor subsystem, said fue! overinjection notification
circuit issuing a notification that excessive fuel is being supplied to said engine of said vehicle;
an upshift notification circuit coupled to said processor subsystem, said upshift notification
circuit issuing a notification that said engine of said vehicle is being operated at an excessive
speed; said processor subsystem determining, based upon data received from said plurality of
sensors, when to activate said fuel overinjection circuit and when to activate said upshift
notification circuit.

2. Apparatus for optimizing operation of a vehicle according to claim 1 wherein said processor
subsystem further comprises: means for determining when road speed for said vehicle is
increasing; means for determining when throttle position for said vehicle is increasing; and

~ means for comparing manifold pressure to said manifold pressure set point; said processor
subsystem activating said fuel overinjection notification circuit if both road speed and throttle
position for said vehicle are increasing and manifold pressure for said vehicle is above said
manifold pressure set point.

3. Apparatus for optimizing operation of a vehicle according to claim 1 wherein said fuel
overinjection circuit further comprises a horn for issuing a-tone for a preselected time period.

4. Apparatus for optimizing operation of a vehicle according to claim 1 wherein said processor
subsystem further comprises: means for determining when road speed for said vehicle is
decreasing; means for determining when throttle position for said vehicle is increasing; means
for determining when manifold pressure for said vehicle is increasing; and means for
determining when engine speed for said vehicle is decreasing; said processor subsystem
activating said fuel overinjection notification circuit if both throttle position and manifold
pressure for said vehicle are increasing and road speed and engine speed for said vehicle are
decreasing. .

5. Apparatus for optimizing operation of a vehicle according to claim 1 wherein said processor
subsystem further comprises: means for determining when road speed for said vehicle is
increasing; means for determining when throttle position for said vehicle is increasing; means
for comparing manifold pressure to said manifold pressure set point; and means for comparing
engine speed to said RPM set point; said processor subsystem activating said upshift
notification circuit if both road speed and throttle position for said vehicle are increasing,
manifold pressure for said vehicle is at or below said manifold pressure set point and engine
speed for said vehicle is at or above said RPM set point. :

6. Apparétus for optimizing operation of a vehicle accordiﬁg to claim 1 wherein said upshift
notification circuit further comprises a horn for issuing a tone for a preselected time period.

7. Apparatus for optimizing operation of a vehicle, comprising: a plurality of sensors coupled to
a vehicle having an engine, said plurality of sensors, which collectively monitor operation of said
vehicle, including a road speed sensor, a manifold pressure sensor and a throttle position
sensor; a processor subsystem, coupled to each one of said plurality of sensors, to receive data
therefrom; a memory subsystem, coupled to said processor subsystem, said memory
subsystem storing therein a manifold pressure set point and present and prior levels for each
one of said plurality of sensors; a fuel overinjection notification circuit coupled to said processor
subsystem, said fuel overinjection notification circuit issuing a notification that excessive fuel is
being supplied to said engine of said vehicle; a downshift notification circuit coupled to said
processor subsystem, said downshift notification circuit issuing a notification that said engine of
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said vehicle is being operated at an insufficient engine speed; and said processor subsystem
determining, based upon data received from said plurality of sensors, when to activate said fuel
overinjection circuit and when to activate said downshift notification circuit.

8. Apparatus for optimizing operation of a vehicle according to claim 7 wherein said processor
subsystem further comprises: means for determining when road speed for said vehicle is
increasing; means for determining when throttle position for said vehicle is increasing; and
means for comparing manifold pressure to said manifold pressure set point; said processor
subsystem activating said fuel overinjection notification circuit if both road speed and throttle
position for said vehicle are increasing and manifold pressure for said vehicle is above said
manifold pressure set point.

9. Apparatus for optimizing operation of a vehicle according to claim 7 wherein said fuel
overinjection circuit further comprises a horn for issuing a tone for a preselected time period.

10. Apparatus for optimizing operation of a vehicle according to claim 7 wherein said processor
subsystem further comprises: means for determining when road speed for said vehicle is
decreasing; means for determining when throttle position for said vehicle is increasing; means
for determining when manifold pressure for said vehicle is increasing; and means for
determining when engine speed for said vehicle is decreasing; said processor subsystem
activating said downshift notification circuit if both road speed and engine speed are decreasing
and both throttle position and manifold pressure for said vehicle are increasing.

11. Apparatus for optimizing operation of a vehicle according to claim 10 wherein said
downshift notification circuit further comprises a horn for issuing a tone for a preselected time
period.

12. Apparatus for optimizing operation of a vehicle according to claim 7 wherein said processor
subsystem further comprises: means for determining when road speed for said vehicle is
decreasing; means for determining when throttle position for said vehicle is increasing; means
for determining when manifold pressure for said vehicle is increasing; and means for
determining when engine speed for said vehicle is decreasing; said processor subsystem
activating said fuel overinjection notification circuit if both throttle position and manifold
pressure for said vehicle are increasing and road speed and engine speed for said vehicle are
decreasing.

13. Apparatus for optimizing operation of a vehicle, comprising: a plurality of sensors coupled
to a vehicle having an engine, said plurality of sensors, which collectively monitor operation of -
"said vehicle, including a road speed sensor, an engine speed sensor, a manifold pressure sensor
and a throttle position sensor; a processor subsystem, coupled to each one of said plurality of

sensors, to receive data therefrom; a memory subsystem, coupled to said processor
subsystem, said memory subsystem storing therein a manifold pressure set point, an engine
speed set point and present and prior levels for each one of said plurality of sensors; a fuel
overinjection notification circuit coupled to said processor subsystem, said fuel overinjection
notification circuit issuing a notification that excessive fuel is being supplied to said engine of
said vehicle; an upshift notification circuit coupled to said processor subsystem, said upshift
notification circuit issuing a notification that said engine of said vehicle is being operated at an
excessive engine speed; a downshift notification circuit coupled to said processor subsystem,
said downshift notification circuit issuing a notification that said engine of said vehicle is being
operated at an insufficient engine speed; said processor subsystem determining, based upon
data received from said plurality of sensors, when to activate said fuel overinjection circuit, said
upshift notification circuit and said downshift notification circuit.

14, Apparatus for optimizing operation of a vehicle according to claim 13 wherein: said fuel
overinjection circuit further comprises a first horn for issuing a first tone for a first preselected

time period; said upshift notification circuit further comprises a second horn for issuing a
second tone for a second preselected time period; and said downshift notification circuit further
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comprises a third horn for issuing a third tone for a third preselected time period.

15. Apparatus for optimizing vehicle performance according to claim 13 wherein said processor
subsystem further comprises: means for determining when road speed for said vehicle is
increasing or decreasing means for determining when throttle position for said vehicle is
increasing; means for comparing manifold pressure to said manifold pressure set point; means
for comparing engine speed to said RPM set point; means for determining when manifold
pressure is increasing; and means for determining when engine speed is increasing or
decreasing; said processor subsystem activating said fuel overinjection notification circuit if
both road speed and throttle position for said vehicle are increasing and manifold pressure for
said vehicle is above said manifold pressure set or if both throttle position and manifold
pressure for said vehicle are increasing and road speed and engine speed for said vehicle are
decreasing; said processor subsystem activating said upshift notification circuit if both road
speed and throttle position for said vehicle are increasing, manifold pressure for said vehicle is
at or below said manifold pressure set point and engine speed for said vehicle is at or above
said RPM set point; and said processor subsystem activating said downshift notification circuit if
both road speed and engine speed are decreasing and both throttie position and manifold
pressure for said vehicle are increasing.

16. Apparatus for optimizing operation of a vehicle according to claim 15 wherein: said fuel
overinjection circuit further comprises a first horn for issuing a first tone for a first preselected
time period; said upshift notification circuit further comprises a second horn for issuing a
second tone for a second preselected time period; and said downshift notification circuit further
comprises a third horn for issuing a third tone for a third preselected time period.

17. Apparatus for optimizing operation of a vehicle, comprising: a radar detector, said radar
detector determining a distance separating a vehicle having an engine and an object in front of
said vehicle; at least one sensor coupled to said vehicle for monitoring operation thereof, said
at least one sensor including a road speed sensor, a manifold pressure sensor, a throttle
position sensor and an engine speed sensor; a processor subsystem, coupled to said radar
detector and said at least one sensor, to receive data therefrom; a memory subsystem, coupled
to said processor subsystem, said memory subsystem storing a first vehicle speed/stopping
distance table, a manifold pressure set point, an RPM set point, a present level for each one of
said at least one sensor and a prior level for each one of said at least one sensor; a vehicle
proximity alarm circuit coupled to said processor subsystem, said vehicle proximity alarm circuit
issuing an alarm that said vehicle is too close to said object; a fuel overinjection circuit coupled
to said processor subsystem, said fuel overinjection circuit issuing a notification that excessive
fuel is being supplied to said engine of said vehicle; an upshift notification circuit coupled to
said processor subsystem, said upshift notification circuit issuing a notification that said engine
of said vehicle is being operated at an excessive speed; said processor subsystem determining,
based upon data received from said radar detector, said at least one sensor and said memory
subsystem, when to activate said vehicle proximity alarm circuit, when to activate sald fuel
overinjection circuit, and when to activate said upshift notnﬂcatnon circuit.

18. Apparatus for optimizing operation of a vehicle according to claim 17 wherein: said at least
one sensor further includes a windshield wiper sensor for indicating whether a windshield wiper
of said vehicle is activated; and said memory subsystem further storing a second vehicle
speed/stopping distance table.

19. Apparatus for optimizing operation of a vehicle according to claim 17 and further
comprising: a throttle controller for controlling a throttle of said engine of said vehicle; and said
processor subsystem selectively reducing said throttle based upon data received from said
radar detector, said at least one sensor and said memory subsystem.

20. Apparatus for optimizing operation of a vehicle according to claim 19 wherein said at least

one sensor further includes a brake sensor for indicating whether a brake system of said vehicle
is activated.
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21. Apparatus for optimizing operation of a vehicle according to claim 19 wherein said
processor subsystem further comprises: means for counting a total number of vehicle proximity
alarms determined by said processor subsystem; means for selectively reducing said throttle
based upon said total number of vehicle proximity alarms.

22. Apparatus for optimizing operation of a vehicle according to claim 17 and further
' comprising: a downshift notification circuit coupled to said processor subsystem, said downshift
" notification circuit issuing a notification that said engine of said vehicle is being operated at an
insufficient engine speed; and said processor subsystem determining, based upon data received
from said plurality of sensors, when to activate said downshift notification circuit.

23. Apparatus for optimizing operation of a vehicle, comprising: a radar detector, said radar
detector determining a distance separating a vehicle having an engine and an object in front of
said vehicle; a plurality of sensors coupled to a vehicle having an engine, said plurality of
sensors, which collectively monitor operation of said vehicle, including a road speed sensor, and
engine speed sensor, a manifold pressure sensor and a throttle position sensor; a processor
subsystem, coupled to said radar detector and each one of said plurality of sensors, to receive
data therefrom; a memory subsystem, coupled to said processor subsystem, said memory
subsystem storing therein a first vehicle speed/stopping distance table, a manifold pressure set
point, an RPM set point, and present and prior levels for each one of said plurality of sensors; a
fuel overinjection notification circuit coupled to said processor subsystem, said fuel
overinjection notification circuit issuing a notification that excessive fuel is being supplied to
said engine of said vehicle; an upshift notification circuit coupled to said processor subsystem,
said upshift notification circuit issuing a notification that said engine of said vehicle is being
operated at an excessive engine speed; said processor subsystem determining, based upon
data received from said plurality of sensors, when to activate said fuel overinjection circuit and
when to activate said upshift notification circuit; a vehicle proximity alarm circuit coupled to
said processor subsystem, said vehicle proximity alarm circuit issuing an alarm that said vehicle
is too close to said object; said processor subsystem determining, based upon data received
from said radar detector, said at least one sensor and said memory subsystem, when to
activate said vehicle proximity alarm circuit.

24. Apparatus for optimizing operation of a vehicle according to claim 23 wherein said
processor subsystem further comprises: means for determining when road speed for said
vehicle is increasing or decreasing; means for determining when throttle position for said
vehicle is increasing or decreasing; and means for comparing manifold pressure to said
manifold pressure set point; means for determining when manifold pressure for said vehicle is
increasing or decreasing; and means for determining when engine speed for said vehicle is
increasing or decreasing; said processor subsystem activating said fuel overinjection notification
circuit if both road speed and throttle position for said vehicle are increasing and manifold
pressure for said vehicle is above said manifold pressure set point or if both throttle position
and manifold pressure for said vehicle are increasing and road speed and engine speed for said
vehicle are decreasing.- :

25. Apparatus for optimizing operation of a vehicle according to claim 23 wherein said
processor subsystem further comprises: means for determining when road speed for said
vehicle is increasing; means for determining when throttle position for said vehicle is
increasing; means for comparing manifold pressure to said manifold pressure set point; and
means for comparing engine speed to said RPM set point; said processor subsystem activating
said upshift notification circuit if both road speed and throttle position for said vehicle are
increasing, manifold pressure for said vehicle is at or below said manifold pressure set point
and engine speed for said vehicle is at or above said RPM set point.

26. Apparatus for optimizing operation of a vehicle, comprising: a radar detector, said radar

detector determining a distance separating a vehicle having an engine and an object in front of
said vehicle; a plurality of sensors coupled to a vehicle having an engine, said plurality of
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sensors, which collectively monitor operation of said vehicle, including a road speed sensor, and
engine speed sensor, a manifold pressure sensor and a throttle position sensor; a processor
subsystem, coupled to said radar detector and each one of said plurality of sensors, to receive
data therefrom; a memory subsystem, coupled to said processor subsystem, said memory
subsystem storing therein a first vehicle speed/stopping distance table, a manifold pressure set
point, RPM set point, and present and prior levels for each one of said plurality of sensors; a
fuel overinjection notification circuit coupled to said processor subsystem, said fuel
overinjection notification circuit issuing a notification that excessive fuel is being supplied to
said engine of said vehicle; a downshift notification circuit coupled to said processor subsystem,
said downshift notification circuit issuing a notification that said engine of said vehicle is being
operated at an insufficient engine speed; said processor subsystem determining, based upon
data received from said plurality of sensors, when to activate said fuel overinjection circuit and
when to activate said downshift notification circuit; a vehicle proximity alarm circuit coupled to
said processor subsystem, said vehicle proximity alarm circuit issuing an alarm that said vehicle
is too close to said object; said processor subsystem determining, based upon data received
from said radar detector, said at least one sensor and said memory subsystem, when to
activate said vehicle proximity alarm circuit.

27. Apparatus for optimizing operation of a vehicle according to claim 26 wherein said
processor subsystem further comprises: means for determining when road speed for said
vehicle is decreasing; means for determining when throttle position for said vehicle is
increasing; means for determining when manifold pressure for said vehicle is increasing; and
means for determining when engine speed for said vehicle is decreasing; said processor
subsystem activating said downshift notification circuit if both road speed and engine speed are
decreasing and both throttle position and manifold pressure for said vehicle are increasing.

28. Apparatus for optimizing operation of a vehicle, comprising: a plurality of sensors coupled
to a vehicle having an engine, said plurality of sensors, which collectively monitor operation of
said vehicle, including a road speed sensor, a manifold pressure sensor and a throttle position
sensor; a processor subsystem, coupled to each one of said plurality of sensors, to receive data
therefrom; a fuel overinjection notification circuit coupled to said processor subsystem, said fuel
overinjection notification circuit issuing a notification that excessive fuel is being supplied to
said engine of said vehicle; said processor subsystem determining whether to activate said fuel
overinjection notification sensor based upon data received from said road speed sensor, said
throttle position sensor and said manifold pressure sensor.

29. Apparatus according to claim 28 and further comprising: a memory subsystem, coupled to
said processor subsystem, said memory subsystem maintaining a manifold pressure set point;
said processor subsystem activating said fuel overinjection notification circuit upon determining
that: (1) based upon data received from said road speed sensor, road speed of said vehicle is
increasing; (2) based upon data received from said throttle position sensor, throttle position for
said vehicle is increasing; and (3) based upon data received from said manifold pressure
sensor, manifold pressure for said vehicle exceeds said manifold pressure set point.

30. Apparatus according to claim 28, wherein: said plurality of sensors coupled to said vehicle
further include an engine speed sensor; said processor.subsystem activating said fuel
overinjection notification circuit upon determining that: (1) based upon data received from said
road speed sensor, road speed of said vehicle is decreasing; (2) based upon data received from-
said throttle position sensor, throttle position for said vehicle is increasing; (3) based upon data
received from said manifold pressure sensor, manifold pressure for said vehicle is increasing;
and (4) based upon data received from said engine speed sensor, engine speed for said vehicle
is decreasing.

31. Apparatus for optimizing operation of a vehicle, corhprising: a radar detector, said radar
detector determining a distance separating a vehicle having an engine and an object in front of

said vehicle; at least one sensor coupled to said vehicle for monitoring operation thereof, said
at least one sensor including a road speed sensor; a processor subsystem, coupled to said radar
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detector and said at least one sensor, to receive data therefrom; a memory subsystem, coupled
to said processor subsystem, said memory subsystem storing a first vehicle speed/stopping
distance table; a vehicle proximity alarm circuit coupled to said processor subsystem, said
vehicle proximity alarm circuit issuing an alarm that said vehicle is too close to said object; said
processor subsystem determining whether to activate said vehicle proximity alarm circuit based
upon separation distance data received from said radar detector, vehicle speed data received
from said road speed sensor and said first vehicle speed/stopping distance table stored in said
memory subsystem.

32. Apparatus for optimizing operation of a vehicle according to claim 31 wherein: said at least
one sensor further includes a windshield wiper sensor for indicating whether a windshield wiper
of said vehicle is activated; and said memory subsystem further storing a second vehicle
speed/stopping distance table; if said windshield wiper sensor indicates that said windshield
wiper is deactivated, said processor subsystem determining whether to activate said vehicle
proximity alarm circuit based upon data received from said radar detector, said road speed
sensor and said first vehicle speed/stopping distance table stored in said memory subsystem; if
said windshield wiper sensor indicates that said windshield wiper is activated, said processor
subsystem determining whether to activate said vehicle proximity alarm circuit based upon data.
received from said radar detector, said road speed sensor and said second vehicle
speed/stopping distance table stored in said memory subsystem.
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Velocity owns U.S. Patent No. 5,954,781 ("the '781 patent"). On November 21, 2014, Velocity
filed the instant action against Mercedes-Benz, alleging infringement of the 781 patent. On the
same day, Velocity filed separate actions in th|s district against Defendants

BMW of North America, LLC ~and BMW Manufacturing -Co., LLC (collectively, "BMW");

Audi of America, Inc. «("Audi"); Chrysler Group, +LLC ("Chrysler"); [*2] and Jaguar Land
Rover North America, LLC ("Jaguar"), alleging infringement of the same patent at issue in the
Mercedes-Benz litigation. Pursuant to Local Rule 40.1, each of the suits was randomly assigned.
On December 30, 2013, Velocity moved to reassign all cases to Judge Darrah «, pursuant to
Local Rule 40.4. On January 7, 2014, Velocity's motion was granted with respect to the cases
against Chrysler and Jaguar, and a briefing schedule was set to allow BMW and Audi to
respond. On January 23, 2014, BMW responded without objection to reassignment. Audi, in No.
13-cv-8418, persists in its opp05|t|on to Velocity's Motion to ReaSS|gn For the reasons set forth
below, the Motion is granted.

LEGAL STANDARD

Random assignment of cases is the normal process within the Northern District of Illinois. Local
Rule 40.1. However, Local Rule 40.4 provides for cases to be reassigned to a particular court.
Such reassignment requires two showings.

First, the moving party must establish the cases are related. This is achieved by showing one or
more of the following conditions are met: (1) the cases involve the same property; (2) the
cases involve some of the same issues of fact or law; (3) the cases grow [*3] out of the same
transaction or occurrence; or (4) in class action suits, one or more of the classes involved in the
cases is or are the same. L.R. 40.4(a). .

If related, a case may be reassigned to the calendar of a judge hearing an earlier-numbered
case only if (1) both cases are pending in this Court; (2) the handling of both cases by the
same judge is likely to result in a substantial saving of judicial time and effort; (3) the earlier
case has not progressed to the point where designating a later filed case as related would be
likely to substantially delay the proceedings in the earlier case; and (4) the cases are
susceptible of disposition in a single proceeding. L.R. 40.4(b).

ANALYSIS

Velocity argues that the Audi case is related to the Mercedes-Benz case because both allege
infringement of the '781 patent. (Pl.'s Mot. to Reassign at 2.) Alleging infringement of a single
patent is not, on its own, enough to establish relatedness. Helferich Patent Licensing v. New _
York Times Co., No. 10-cv-04387, 2012 U.S. Dist. LEXIS 56151, 2012 WL 1368193, at *2 (N.D.
IIl.-April 19, 2012) (citing Global Patent Holdings, LLC v. Green Bay Packers, Inc., No. 00 C
4623, 2008 U.S. Dist. LEXIS 33296, 2008 WL 1848142, at *3 (N.D. Ill. April 23, 2008)).
However, [*4] Velocity alleges more: that the nature of the alleged infringement will likely
result in "common factual and legal issues relating to claim construction and the scope and
content of prior art." (Pl.'s Mot. to Reassign at 2.) Velocity contends this allegation satisfies the
condition that "the cases involve some of the same issues of fact or law." Audi does not argue
this point.

Rather, Audi argues first that Velocity has not demonstrated that reassignment would result in
a substantial saving of judicial time and effort. Specifically, Audi argues that, because each of
the Defendants is an "unrelated competitor in the automotive industry and sell[s] different,
unrelated consumer automotive products,” that "each lawsuit will present at least different
claim construction, non-infringement, and damage issues . . . ." (Def.'s Resp. at 4-5.) Yet, the
mere existence of differences between cases does not preclude substantial savings. "Patent
cases often require a significant investment of the Court's time due to the potentially
complicated nature of the subject matter underlying the litigation." 21 sr/ v. Enable Holdings,
Inc., No. 09 C 3667, 2009 U.S. Dist. LEXIS 115530, 2009 WL 4884177, at *2 (N.D. Ill. Dec. 9,
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2009). Although [*5] it is true that claim construction "takes place in the context of a specific
accused infringing device or process,” this context simply enriches the court's ability to properly
construe the claim. Wilson Sporting Goods Co. v. Hillerich & Bradsby Co., 442 F.3d 1322, 1326-
27 (Fed. Cir. 2006). Indeed, "claims may not be construed with reference to the accused
device." Id. at 1330. By avoiding claim construction in multiple courts, substantial judicial time
and effort can be achieved by reassignment.

Audi also argues that the requirement that the cases "be susceptible of disposition in a single
proceeding" has not been met. (Def.'s Resp. at 5.) This argument’s basis echoes that of Audi's
argument against judicial savings: that Audi is a separate company with its own product at
issue. But this fact is not dispositive of an inability to dispose of two cases in a single
proceeding. Pactiv Corp. v. Mulitisorb Technologies, Inc., No. 10 C 461, 2011 U.S. Dist. LEXIS
15991, 2011 WL 686813, at *5 (N.D. Ill. Feb. 15, 2011.) "Rather, the issue is whether both
actions involve fundamentally similar claims and defenses that will likely be amendable to
dispositive treatment in unified proceedings, whether in claim construction, summary

[*6] judgment or trial." Id. (citations and quotation marks omitted). Velocity has alleged an
infringement of the '781 patent that is likely to feature similar issues in each of the cases. This
is not to say that the cases will’'be disposed of at the same time, but only that they are
susceptible. This has been shown here.

CONCLUSION

For all of the foregoing reasons, the Audi case and the Mercedes-Benz case are deemed related,
and all conditions of reassignment required by Local Rule 40.4(b) are met. Velocity's Motion to
Reassign is granted. Case No. 1:13-cv-8416, Velocity Patent LLC v.

BMW of North America, LLC «; Case No. 1: 13 cv-8418, Velocity Patent LLC v.

Audi of America, Inc. »; Case No. 1:13-cv-8419, Ve/ooty Patent LLC v. Chrysler Group, -LLC
and Case No. 1:13-cv-8421, Velocity Patent LLC v. Jaguar Land Rover North America, LLC, are
reassigned to Judge Darrah «.

Date: 4/24/2014

/s/ John W. Darrah «

JOHN W."DARRAH ~

United States District Court Judge
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One South Wacker Drive 28th Floor
Chicago , IL 60606

USA .

(312)701-9300°
Email:Debruin@sw.Com

Raymond A Kurz

ATTORNEY TO BE NOTICED

Hogan Lovells Us Lip

555 Thirteenth Street

Nw

Washington , DC 20004

USA

(202) 637-5600
Email:Raymond.Kurz@hoganlovells.Com

Robert J. Weinschenk

[Term: 02/24/2014]

Hogan Lovells Us Lip

555 13th Street, Nw

Washington , DC 20004

USA

(202) 637-5600
Email:Robert.Weinschenk@hoganlovells.Com

Steven A. Weiss
ATTORNEY TO BE NOTICED
Schopf & Weiss LLP
One South Wacker Drive 28th Floor
Chicago , IL 60606
USA
(312) 701-9300
. Email:Weiss@sw.Com

Aaron Charles Taggart
ATTORNEY TO BE NOTICED
Mavrakakis Law Group LLP
180 N. Lasalle Suite 2215
Chicago , IL 60601

USA

(312) 216-1627
Email:Ataggart@mavllp.Com

Adam Robert Brausa

ATTORNEY TO BE NOTICED

Mavrakakis Law Group LLP

180 North Lasalle Street Suite 2215

Chicago , IL 60601

USA N
(312) 216-1626

Email:Abrausa@mavllp.Com

Howard E Levin

ATTORNEY TO BE NOTICED
Mavrakakis Law Group LLP
180 N. Lasalle Suite 2215
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Date #
11/21/2013 1
11/21/2013 2
11/21/2013 3
»11/21/2013
11/21/2013 4
11/21/2013 - 5
11/21/2013
11/21/2013 6
11/21/2013 7

11/25/2013 8

11/25/2013 9

11/26/2013 10

12/02/2013 11
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Chicago , IL 60601
USA :
312-216-1620

Fax: (630) 881-7438
Email:Hlevin@mavllp.Com

James A Shimota

ATTORNEY TO BE NOTICED
Mavrakakis Law Group LLP
180 N. Lasalle Suite 2215
Chicago , IL 60601

USA

(312) 216-1626

Fax: (773)661-2555
Email:Jshimota@mavllp.Com

Proceeding Text

COMPLAINT filed by Velocity Patent LLC; Jury Demand. Filing fee $ 400,
receipt number 0752-8957333. (Attachments: # 1 Exhibit Ex. A)}(Shimota,
James) (Entered: 11/21/2013)

ATTORNEY Appearance for Plaintiff Velocity Patent LLC by James A
Shimota (Shimota, James) (Entered: 11/21/2013)

CIVIL Cover Sheet (Shimota, James) (Entered: 11/21/2013)

CASE ASSIGNED to the Honorable Samuel Der-Yeghiayan. Designated as
Magistrate Judge the Honorable Michael T. Mason. (nsf, ) (Entered:
11/21/2013)

ATTORNEY Appearance for Plaintiff Velocity Patent LLC by Howard E Levin
(Levin, Howard) (Entered: 11/21/2013)

ATTORNEY Appearance for Plaintiff Velocity Patent LLC by Adam Robert
Brausa (Brausa, Adam) (Entered: 11/21/2013)

SUMMONS Issued as to Defendants Mercedes-Benz U.S. International Inc.,
Mercedes-Benz USA, LLC (pg, ) (Entered: 11/21/2013)

NOTIFICATION of Affiliates pursuant to Local Rule 3.2 by Velocity Patent
LLC (Shimota, James) (Entered: 11/21/2013)

Rule 3.4 Notice of Claims Involving Patents by Velocity Patent LLC
(Shimota, James) (Entered: 11/21/2013)

MINUTE entry before the Honorable Samuel Der-Yeghiayan: The Clerk of
Court is to arrange for this case to, be transferred to the Patent Case Pilot
Program. Mailed notice (mw, ) (Entered: 11/25/2013)

MAILED patent report to Patent Trademark Office, Alexandria VA. (mb, )

" (Entered: 11/25/2013)

EXECUTIVE COMMITTEE ORDER: It appearing that 13 C 8413, Velocity
Patent LLC v. Mercedes-Benz USA LLC, et al., pending before the Hon.
Samuel Der-Yeghiayan, has been identified for transfer to the Patent Case
Pilot Program in which this Court is participating, therefore It is hereby
ordered that 13 C 8413, Velocity Patent LLC v. Mercedes-Benz USA LLC, et
al., is to be reassigned by lot to one of the district judges participating in
the pilot program. Case reassigned to the Honorable John W. Darrah for
all further proceedings. Signed by Executive Committee on 11/26/2013.
(td, ) (Entered: 11/26/2013)

SUMMONS Returned Executed by Velocity Patent LLC as to Mercedes-Benz
USA, LLC on 11/22/2013, answer due 12/13/2013. (Shimota, James)
(Entered: 12/02/2013)
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12/04/2013

12/04/2013
12/04/2013
12/11/2013
12/11/2013
12/11/2013

12/11/2013

12/11/2013

12/13/2013

12/16/2013
12/16/2013
12/16/2013
12/16/2013

12/20/2013
12/20/2013
12/30/2013
12/30/2013

12/31/2013
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12

13

14

15

16

17

19

20

21
22
23
24

25
26
27
28

29

ATTORNEY Appearance for Plaintiff Velocity Patent LLC by Aaron Charles
Taggart (Taggart, Aaron) (Entered: 12/04/2013)

SUMMONS Returned Executed by Velocity Patent LLC as to Mercedes-Benz
U.S. International Inc. on 11/22/2013, answer due 12/13/2013. (Shimota,
James) (Entered: 12/04/2013)

order: Initial status hearing set for January 21, 2014, at 9:30 a.m. Signed
by the Honorable John W. Darrah on 12/4/2013:(mb, ) (Entered:
12/05/2013)

ATTORNEY Appearance for Defendants Mercedes-Bénz U.S. International
Inc., Mercedes-Benz USA, LLC by Anand C. Mathew (Mathew, Anand)
(Entered: 12/11/2013)

ATTORNEY Appearance for Defendants Mercedes-Benz U.S. International
Inc., Mercedes-Benz USA, LLC by David L DeBruin (DeBruin, David)
(Entered: 12/11/2013)

ATTORNEY Appearance for Defendants Mercedes-Benz U.S. International
Inc., Mercedes-Benz USA, LLC by Steven A. Weiss (Weiss, Steven)
(Entered: 12/11/2013)

MOTION by Defendants Mercedes-Benz U.S. International Inc., Mercedes-
Benz USA, LLC for extension of time to file Unopposed Motion for
Extension of Time to Respond to Plaintiff's Complaint (Mathew, Anand)
(Entered: 12/11/2013)

NOTICE of Motion by Anand C. Mathew for presentment of motion for
extension of time to file 18 before Honorable John W. Darrah on 1/8/2014
at 09:30 AM. (Mathew, Anand) (Entered: 12/11/2013)

ORDER Defendants' Unopposed Motion for an Extension of Time to Answer
or Otherwise Plead 18 is granted. Defendants to file their responsive
pleadings on or before January 27, 2014. No appearance is necessary on
January 8, 2014. The initial status hearing of January 21, 2014, is reset to
January 28, 2014, at 9:30 a.m. Signed by the Honorable John W. Darrah
on 12/13/2013: (mb, ) (Entered: 12/16/2013)

MOTION for Leave to Appear Pro Hac Vice Filing fee $ 50, receipt number
0752-9029306. (Kurz, Raymond) (Entered: 12/16/2013)

MOTION for Leave to Appear Pro Hac Vice Filing fee $ 50, receipt number
0752-9029608. (Crowson, Celine) (Entered: 12/16/2013)

SUMMONS Returned Executed by Velocity Patent LLC (Shimota, James)
(Entered: 12/16/2013)

MOTION for Leave to Appear Pro Hac Vice Filing fee $ 50, receipt number
0752-9029764. (Weinschenk, Robert) (Entered: 12/16/2013)

NOTIFICATION of Affiliates pursuant to Local Rule 3.2 by Mercedes-Benz
USA, LLC and Corporate Disclosure Statement (Mathew, Anand) (Entered:
12/20/2013)

NOTIFICATION of Affiliates pursuant to Local Rule 3.2 by Mercedes-Benz
U.S. International Inc. and Corporate Disclosure Statement (Mathew,
Anand) (Entered: 12/20/2013)

MOTION by Plaintiff Velocity Patent LLC to reassign case (Attachments: #
1 Exhibit A, # 2 Exhibit B, # 3 Exhibit C, # 4 Exhibit D)(Shimota, James)
(Entered: 12/30/2013)

NOTICE of Motion by James A Shimota for presentment of motion to
reassign case 27 before Honorable John W. Darrah on 1/7/2013 at 09:30
AM. (Shimota, James) (Entered: 12/30/2013) .

NOTICE of Motion by James A Shimota for presentment of motion to
reassign case 27 before Honorable John W. Darrah on 1/7/2014 at 09:30
AM. (Shimota, James) (Entered: 12/31/2013)
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01/06/2014

01/07/2014

01/07/2014

01/23/2014

01/27/2014

01/27/2014

01/29/2014
01/29/2014
01/29/2014

01/31/2014
02/04/2014
02/04/2014
02/04/2014
02/04/2014
02/18/2014
02/18/2014

02/20/2014

02/20/2014
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30

31

32

33

34.

35

36

37

38

39

40

41

42

43

44

45

46

47

RESPONSE by Defendants Mercedes-Benz U.S. International Inc.,
Mercedes-Benz USA, LLC to motion to reassign case 27 (Mathew, Anand)
(Entered: 01/06/2014)

ORDER Entered by the Honorable John W. Darrah: Pro hac vice motions
are granted [21, 22, 24]. Mailed notice (tim) (Entered: 01/08/2014)

ORDER Entered by the Honorable John W. Darrah on 1/7/2014: Plaintiff's
motion to reassign cases is granted in part 27 . 13 C 8419 and 13 C 8421
will be reassigned to this Courts calendar. 13 C 8416 and 13 C 8418 will
not be reassigned at this time. Objections/responses for 13 C 8416 and 13
C 8418 to be filed by 1/29/14, reply by 2/5/14. Status hearing set for
1/28/14 is re-set to 4/10/14 at 9:30 a.m. Mailed notice (tim) (Entered:
01/08/2014)

- BMW of North America, LLC &amp; BMW Manufacturing Co., LLC's
Response to Velocity's Motion to Reassign - by BMW of North America,
LLC, BMW Manufacturing Co., LLC (Reynolds, Steven) (Entered:
01/23/2014)

Mercedes-Benz U.S. International, Inc.'s ANSWER to Complaint Affirmative
Defenses, and COUNTERCLAIM filed by Mercedes-Benz U.S. International
Inc. against Velocity Patent LLC . by Mercedes-Benz U.S. International Inc.
(Weiss, Steven) (Entered: 01/27/2014)

Mercedes-Benz USA, LLC's ANSWER to Complaint Affirmative Defenses,
and COUNTERCLAIM filed by Mercedes-Benz USA, LLC against Velocity
Patent LLC . by Mercedes-Benz USA, LLC(Weiss, Steven) (Entered:
01/27/2014)

ATTORNEY Appearance for ObJectors Audi of America, Inc., Audi of
America, LLC by Jeffrey Mark Drake NON-PARTY (Drake Jeffrey) (Entered:
01/29/2014)

ATTORNEY Appearance for Objectors Audi of America, Inc., Audi of
America, LLC by Ryan Christopher Williams NON-PARTY (W|II|ams, Ryan)
(Entered: 01/29/2014)

RESPONSE by Objectors Audi of America, Inc., Audi of America, LLC to
notice of motion 29 and Motion to Reassign (dkt no 27) (Williams, Ryan)
(Entered: 01/29/2014)

REPLY by Velocity Patent LLC to Response 38 (Shimota, James) (Entered:
01/31/2014)

NOTICE by James A Shimota of Change of Address (Shimota, James)
(Entered: 02/04/2014)

NOTICE by Howard E Levin of Change of Address (Levin, Howard)
(Entered: 02/04/2014)

NOTICE by Aaron Charles Taggart of Change of Address (Taggart, Aaron)
(Entered: 02/04/2014)

NOTICE by Adam Robert Brausa of Change of Address (Brausa, Adam)
(Entered: 02/04/2014)

ANSWER to counterclaim by Velocity Patent LLC(Shimota, James)
(Entered: 02/18/2014)

ANSWER to counterclaim by Velocity Patent LLC(Shimota, James)
(Entered: 02/18/2014)

MOTION by counsel for Defendants Mercedes-Benz U.S. International Inc.,
Mercedes-Benz USA, LLC, Counter Claimants Mercedes-Benz U.S.
International Inc., Mercedes-Benz USA, LLC to withdraw as attorney
Unopposed Motion to Withdraw as Attorney of Record (DeBruin, David)
(Entered: 02/20/2014)

NOTICE of Motion by David L DeBruin for presentment of motion to
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02/24/2014

04/03/2014
04/03/2014

04/10/2014

04/11/2014

04/17/2014

04/23/2014

04/24/2014

04/24/2014

05/07/2014

05/12/2014

48

49

50

51

52

53

54

55

56

57

58

withdraw as attorney, 46 before Honorable John W. Darrah on 2/26/2014
at 09:30 AM. (DeBruin, David) (Entered: 02/20/2014)

MINUTE entry before the Honorable John W. Darrah: Defendants' motion
to allow Robert J. Weinschenk to withdraw as attorney of record 46 is
granted. No appearances necessary on February 26, 2014. Status hearing
set for April 10, 2014, at 9:30 a.m. remains as scheduled. Mailed notice
(maf) (Entered: 02/24/2014) '

NOTICE by David L DeBruin of Change of Address (DeBruin, David)
(Entered: 04/03/2014)

REPORT of Rule 26(f) Planning Meeting (Attachments: # 1 Exhibit 1)
(Shimota, James) (Entered: 04/03/2014)

ORDER: Status hearing held and continued to 4/17/14 at 9:30 a.m. Joint
claim construction chart and status report to be filed by 2/15/15. Claim
construction hearing is set for 3/11/15 at 1:30 p.m. Signed by the
Honorable John W. Darrah on 4/10/2014. Mailed notice. (et, ) (Entered:
04/10/2014)

MINUTE entry before the Honorable John W. Darrah: The Court's 4/10/14
order is amended to reflect the following: Joint claim construction chart
and status report to be filed by 2/25/15. Mailed notice(maf) (Entered:
04/11/2014)

MINUTE entry before the Honorable John W. Darrah: Status hearing held
and continued to 4/24/14 at 9:30 a.m. Opinion to follow. Counsel for BMW
in case 13 C 8416, and counsel for Audi in 13 C 8418 shall be present at
the 4/24/14 status. Plaintiff shall notify them of the 4/24/14 date. Mailed
notice(maf) (Entered: 04/17/2014)

TRANSCRIPT OF PROCEEDINGS held on 04/10/14 before the Honorable
John W. Darrah. Court Reporter Contact Information: Mary M. Hacker,
(312) 435-5564, Mary_Hacker@ilnd.uscourts.gov. IMPORTANT: The
transcript may be viewed at the court's public terminal or purchased
through the Court Reporter/Transcriber before the deadline for Release of
Transcript Restriction. After that date it may be obtained through the

_Court Reporter/Transcriber or PACER. For further information on the

redaction process, see the Court's web site at www.ilnd.uscourts.gov
under Quick Links select Policy Regarding the Availability of Transcripts of
Court Proceedings. Redaction Request due 5/14/2014. Redacted Transcript
Deadline set for 5/26/2014. Release of Transcript Restriction set for
7/22/2014. (Hacker, Mary) (Entered: 04/23/2014)

ORDER: Status hearing and ruling on motion hearing held. For the reasons
stated in the attached memorandum opinion and order, the Audi case and
the Mercedes-Benz case are deemed related, and all conditions of
reassignment required by Local Rule 40.4(b) are met. Velocity's Motion to
Reassign is granted. Case No. 1:13-cv-8416, Velocity Patent LLC v. BMW
of North America, LLC; Case No. 1:13-cv-8418, Velocity Patent LLC v.
Audi of America, Inc.; Case No. 1:13-cv- 8419, Velocity Patent LLC v.
Chrysler Group, LLC; and Case No. 1:13-cv-8421, Velocity Patent LLC v.
Jaguar Land Rover North America, LLC, are reassigned to Judge Darrah.
Enter Memorandum Opinion and Order. Status hearing set for 5/7/14 at
9:30 a.m. Signed by the Honorable John W. Darrah on 4/24/2014. Mailed
notice (td, ) (Entered: 04/25/2014)

MEMORANDUM Opinion and Order Signed by the Honorable John W.
Darrah on 4/24/2014.Mailed notice (td, ) (Entered: 04/25/2014)

MINUTE entry before the Honorable John W. Darrah: Status hearing held
and continued to 8/19/14 at 9:30 a.m. Mailed notice(maf) (Entered:
05/07/2014)

MOTION for Leave to Appear Pro Hac Vice Filing fee $ 50, receipt number
0752-9472073. (Raffetto, Joseph) (Entered: 05/12/2014)
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US District Court Civil Docket

U.S. District - Illinois Northern
(Chicago)

1:13¢cv8416

Velocity Patent Lic v. Bmw of North America, Lic et al

This case was retrieved from the court on Monday, May 12, 2014

Date Filed: 11/21/2013

Assigned To: Honorable John W. Darrah . Class Code: OPEN
Referred To: ) Closed:
Nature of suit: Patent (830) Statute: 35:271
Cause: Patent Infringement Jury Demand: Both
Lead Docket: None Demand Amount: $0
Other Docket: 1:13¢cv08413 NOS Description: Patent

Jurisdiction: Federal Question

Litigants . Attorneys

Velocity Patent Lic James A Shimota
Plaintiff : LEAD ATTORNEY;ATTORNEY TO BE NQTICED
Mavrakakis Law Group LLP
180 N. Lasalle Suite 2215
Chicago , IL 60601
USA
(312) 216-1626
Fax: (773)661-2555
Emait:Jshimota@mavllp.Com

Aaron Charles Taggart

ATTORNEY TO BE NOTICED

Mavrakakis Law Group LLP

180 N. Lasalle Suite 2215

Chicago , IL 60601

USA

(312) 216-1627

Email:Ataggart@mavlip.Com .

Adam Robert Brausa )
ATTORNEY TO BE NOTICED
Mavrakakis Law Group LLP

180 North Lasalle Street Suite 2215
Chicago , IL 60601

USA

(312) 216-1626
Email:Abrausa@mavllp.Com

Howard E Levin

ATTORNEY TO BE NOTICED
Mavrakakis Law Group LLP
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Bmw of North America, Lic
Defendant

Bmw Manufacturing Co., Lic
-Defendant

Page 2 of 6

180 N. Lasalle Suite 2215
Chicago , IL 60601

USA

312-216-1620

Fax: (630) 881-7438
Email:Hlevin@mavllp.Com

Andrew Neal Stein

PRO HAC VICE;ATTORNEY TO BE NOTICED
Dla Piper Llp (us)

500 Eighth Street, Nw Suite 5026
Washington , DC 20004

USA

- (202) 799-4782

Email:Andrew.Stein@dlapiper.Com

Joseph P. Lavelle

PRO HAC VICE;ATTORNEY TO BE NOTICED
DLA Piper LLP

500 Eighth Street, Nw Suite 5034
Washington , DC 20004

USA

(202) 799 4780

Fax: 202 799 5022
Email:Joe.Lavelle@dlapiper.Com

Steven John Reynolds

ATTORNEY TO BE NOTICED

DLA Piper US LLP IL

203 North Lasalle Street 20th Floor
Chicago , IL 60601

USA

312 368 3467
Email:Steven.Reynolds@dlapiper.Com’

Andrew Neal Stein

PRO HAC VICE;ATTORNEY TO BE NOTICED
Dla Piper Llp (us)

500 Eighth Street, Nw Suite 5026
Washington , DC 20004

USA

(202) 799-4782
Email:Andrew.Stein@dlapiper.Com

Joseph P. Lavelle

PRO HAC VICE;ATTORNEY TO BE NOTICED
DLA Piper LLP :
500 Eighth Street, Nw Suite 5034
Washington , DC 20004

USA

(202) 799 4780

Fax: 202 799 5022
Email:Joe.Lavelle@dlapiper.Com

Steven John Reynolds

ATTORNEY TO BE NOTICED

DLA Piper US LLP IL

203 North Lasalle Street 20th Floor
Chicago , IL 60601
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Bmw of North America, Lic
Counter Claimant

Velocity Patent Lic
Counter Defendant

Page 3 of 6

USA
312 368 3467
Email:Steven.Reynolds@dlapiper.Com

Joseph P. Lavelle

PRO HAC VICE;ATTORNEY TO BE NOTICED
DLA Piper LLP

500 Eighth Street, Nw Suite 5034
Washington , DC 20004

USA

(202) 799 4780

Fax: 202 799 5022

- Email:Joe.Lavelle@dlapiper.Com

Steven John Reynolds

ATTORNEY TO BE NOTICED

DLA Piper US LLP IL

203 North Lasalle Street 20th Floor
Chicago , IL 60601

USA

312 368 3467
Email:Steven.Reynolds@dlapiper.Com

James A Shimota

LEAD ATTORNEY;ATTORNEY TO BE NOTICED
Mavrakakis Law Group LLP

180 N. Lasalle Suite 2215

Chicago , IL 60601

USA

(312) 216-1626

Fax: (773)661-2555
Email:Jshimota@mavllp.Com

Aaron Charles Taggart
ATTORNEY TO BE NOTICED
Mavrakakis Law Group LLP
180 N. Lasalle Suite 2215
Chicago , IL 60601

USA

(312) 216-1627
Email:Ataggart@mavlip.Com

Adam Robert Brausa

ATTORNEY TO BE NOTICED
Mavrakakis Law Group LLP

180 North Lasalle Street Suite 2215
Chicago , IL 60601

USA

(312) 216-1626
Email:Abrausa@mavlip.Com

Howard E Levin

ATTORNEY TO BE NOTICED
Mavrakakis Law Group LLP
180 N. Lasalle Suite 2215
Chicago , IL 60601

USA

312-216-1620

Fax: (630) 881-7438
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Bmw Manufacturing Co., Lic
Counter Claimant

Velocity Patent Llc
Counter Defendant

Page 4 of 6

Email:Hlevin@mavllp.Com

Joseph P. Lavelle

PRO HAC VICE;ATTORNEY TO BE NOTICED
DLA Piper LLP

500 Eighth Street, Nw Suite 5034
Washington , DC 20004

USA

(202) 799 4780

Fax: 202 799 5022
Email:Joe.Lavelle@dlapiper.Com

Steven John Reynolds

ATTORNEY TO BE NOTICED

DLA Piper US LLP IL

203 North Lasalle Street 20th Floor
Chicago , IL 60601

USA

312 368 3467
Email:Steven.Reynolds@dlapiper.Com

James A Shimota

LEAD ATTORNEY;ATTORNEY TO BE NOTICED
Mavrakakis Law Group LLP

180 N. Lasalle Suite 2215

Chicago , IL 60601

USA

(312) 216-1626

Fax: (773)661-2555
Email:)Jshimota@mavllp.Com

Aaron Charles Taggart
ATTORNEY TO BE NOTICED
Mavrakakis Law Group LLP
180 N. Lasalle Suite 2215
Chicago , IL 60601

USA

(312) 216-1627
Email:Ataggart@mavilp.Com

Adam Robert Brausa

ATTORNEY TO BE NOTICED
Mavrakakis Law Group LLP

180 North Lasalle Street Suite 2215
Chicago , IL 60601

USA

(312) 216-1626
Email:Abrausa@mavlip.Com

Howard E Levin

ATTORNEY TO BE NOTICED
Mavrakakis Law Group LLP
180 N. Lasalle Suite 2215
Chicago , IL 60601

USA

312-216-1620

Fax: (630) 881-7438
Email:Hlevin@mavllp.Com
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Date

11/21/2013

11/21/2013.

11/21/2013

11/21/2013
11/21/2013

11/21/2013
11/21/2013
11/21/2013
11/21/2013
| 11/21/2013

11/27/2013
12/02/2013
12/02/2013

12/02/2013
12/04/2013

12/09/2013
12/09/2013

12/09/2013

12/09/2013

12/12/2013

12/17/2013
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13

14

15

16

18

17

Proceeding Text

COMPLAINT filed by Velocity Patent LLC; Jury Demand. Filing fee $ 400,
receipt number 0752-8957703. (Attachments: # 1 Exhibit Ex. A)(Shimota,
James) (Entered: 11/21/2013)

CIVIL Cover Sheet (Shimota, James) (Entered: 11/21/2013)

ATTORNEY Appearance for Plaintiff Velocity Patent LLC by James A
Shimota (Shimota, James) (Entered: 11/21/2013)

CASE ASSIGNED Designated as Magistrate Judge the Honorable Arlander
Keys. (Entered in error) (nsf, ) Modified on 11/21/2013 (lw, ). (Entered:
11/21/2013)

CASE ASSIGNED to the Honorable Harfy D. Leinenweber. Designated as
Magistrate Judge the Honorable Arlander Keys. (nsf, ) (Entered:
11/21/2013)

ATTORNEY Appearance for Plaintiff Velocity Patent LLC by Howard E Levin
(Levin, Howard) (Entered: 11/21/2013)

SUMMONS Issued as to Defendants BMW Manufacturing Co., LLC, BMW of
North America, LLC (pg, ) (Entered: 11/21/2013)

ATTORNEY Appearance for Plaintiff Velocity Patent LLC by Adam Robert
Brausa (Brausa, Adam) (Entered: 11/21/2013)

NOTIFICATION of Affiliates pursuant to Local Rule 3.2 by Velocity Patent
LLC (Shimota, James) (Entered: 11/21/2013)

Rule 3.4 Notice of Claims Involving Patents by Velocity Patent LLC
(Shimota, James) (Entered: 11/21/2013)

Entered in error. (mgh, ). (Entered: 11/27/2013)
NOTICE of Correction (mgh, ) (Entered(: 12/02/2013)

SUMMONS Returned Executed by Velocity Patent LLC as to BMW of North
America, LLC on 11/22/2013, answer due 12/13/2013 (Shimota, James)
(Entered: 12/02/2013)

MAILED patent report to Patent Trademark Office, Alexandria VA (mgh, )
(Entered: 12/02/2013)

ATTORNEY Appearance for Plaintiff Velocity Patent LLC by Aaron Charles
Taggart (Taggart, Aaron) (Entered: 12/04/2013)

ATTORNEY Appearance for Defendants BMW Manufacturing Co., LLC, BMW
of North America, LLC by Steven John Reynolds (Reynolds, Steven)
(Entered: 12/09/2013)

NOTIFICATION of Affiliates pursuant to Local Rule 3.2 by BMW
Manufacturing Co., LLC, BMW of North America, LLC (Reynolds, Steven)
(Entered: 12/09/2013)

MOTION by Defendants BMW Manufacturing Co., LLC, BMW of North
America, LLC for extension of time to file answer regarding complaint 1
Unopposed Motion For Extension of Time to Answer or Otherwise Plead to
Complaint (Reynolds, Steven) (Entered: 12/09/2013)

NOTICE of Motion by Steven John Reynolds for presentment of motion for
extension of time to file answer, motion for relief 15 before Honorable
Harry D. Leinenweber on 12/12/2013 at 09:30 AM. (Reynolds, Steven)
(Entered: 12/09/2013)

MINUTE entry before the Honorable Harry D. Leinenweber:The Unoposed
Motion for extension of time t01/27/2014 in which to answer or otherwise
plead 15 is granted.Mailed notice (wp, ) (Entered: 12/18/2013)

SUMMONS Returned Executed by Velocity Patent LLC as to BMW
Manufacturing Co., LLC on 11/22/2013, answer due 12/13/2013.
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01/23/2014

01/27/2014

01/27/2014
01/27/2014

01)28/20i4
02/04/2014
02/04/2014
02/04/2014
02/04/2014
02/18/2014
02/18/2014
04/03/2014

04/24/2014
04/24/2014

05/07/2014

19

20

21

22

23

24.

25

26

27

28

29

30

31

32

33

(Shimota, James) (Entered: 12/17/2013)

BMW of North America, LLC &amp; BMW Manufacturing Co., LLC's
Response to Velocity's Motion to Reassign by BMW Manufacturing Co.,
LLC, BMW of North America, LLC (Reynolds, Steven) (Entered:
01/23/2014)

MOTION for Leave to Appear Pro Hac Vice Filing fee $ 50, receipt number
0752-9139260. (Lavelle, Joseph) (Entered: 01/27/2014)

ANSWER to Complaint with Jury Demand , COUNTERCLAIM filed by BMW
of North America, LLC against Velocity Patent LLC . by BMW of North
America, LLC(Reynolds, Steven) (Entered: 01/27/2014)

ANSWER to Complaint with Jury Demand , COUNTERCLAIM filed by BMW
Manufacturing Co., LLC against Velocity Patent LLC . by BMW
Manufacturing Co., LLC(Reynolds, Steven) (Entered: 01/27/2014)

MOTION for Leave to Appear Pro Hac Vice Filing fee $ 50, receipt number
0752-9142672. (Stein, Andrew) (Entered: 01/28/2014)

NOTICE by James A Shimota of Change of Address (Shimota, James)
(Entered: 02/04/2014)

NOTICE by Howard E Levin of Change of Address (Levin; Howard)
(Entered: 02/04/2014)

NOTICE by Aaron Charles Taggart of Change of Address (Taggart, Aaron)
(Entered: 02/04/2014)

NOTICE by Adam Robert Brausa of Change of Address (Brausa, Adam)
(Entered: 02/04/2014)

ANSWER to counterclaim by Velocity Patent LLC(Shimota, James)
(Entered: 02/18/2014)

ANSWER to counterclaim by Velocity Patent LLC(Shimota, James)
(Entered: 02/18/2014)

REPORT of Rule 26(f) Planning Meeting (Attachments: # 1 Exhibit 1)
(Shimota, James) (Entered: 04/03/2014)

EXECUTIVE COMMITTEE ORDER: Case reassigned to the Honorable John
W. Darrah for all further proceedings, in accordance with the provisions of
Local Rule 40.4 of this Court. Signed by Executive Committee on
4/24/2014. (For further details see order). (mgh, ) (Entered: 04/25/2014)

ORDER Signed by the Honorable John W. Darrah on 4/24/2014: Ruling on
motion hearing held. Pro hac vice motions are granted [20, 23]. Status
hearing set for 5/7/14 at 9:30 a.m.Mailed notice (mgh, ) (Entered:
04/28/2014)

MINUTE entry before the Honorable John W. Darrah: Status hearing held
and continued to 8/19/14 at 9:30 a.m. Mailed notice(maf) (Entered:
05/07/2014)
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US District Court Civil Docket

U.S. District - Illinois Northern
(Chicago)

1:13cv8418

Velocity Patent Lic v. Audi of America, Inc. et al

This case was retrieved from the court on Thursday, May 22, 2014

Date Filed: 11/21/2013 .
Assigned To: Honorable John W, Darrah Class Code: OPEN

Referred To: Honorable Michael T. Mason Closed:
Nature of suit: Patent (830) Statute: 35:271
Cause: Patent Infringement Jury Demand: Both
Lead Docket: None : Demand Amount: $0
Other Docket: 1:13cv08413 . NOS Description: Patent

Jurisdiction: Federal Question

Litigants Attorneys
Velocity Patent Llc Aaron Charles Taggart
Plaintiff ; ATTORNEY TO BE NOTICED

Mavrakakis Law Group LLP
180 N. Lasalle Suite 2215
Chicago , IL 60601

USA

(312) 216-1627
Email:Ataggart@mavlip.Com

Adam Robert Brausa

: ATTORNEY TO BE NOTICED

- Mavrakakis Law Group LLP

180 North Lasalle Street Suite 2215
Chicago , IL 60601
USA
(312) 216-1626
Email:Abrausa@mavlip.Com

Howard E Levin

ATTORNEY TO BE NOTICED
Mavrakakis Law Group LLP
180 N. Lasalle Suite 2215
Chicago , IL 60601

USA

312-216-1620

Fax: (630) 881-7438
Email:Hlevin@mavllp.Com

James A Shimota

ATTORNEY TO BE NOTICED
Mavrakakis Law Group LLP
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Audi of America, Inc.
Defendant

Audi of America, Llc
[Term: 01/30/2014]
Defendant

Page 2 of 8

180 N. Lasalle Suite 2215
Chicago , IL 60601

USA

(312) 216-1626

Fax: (773)661-2555
Email:)Jshimota@mavllip.Com

Georg Reitboeck

LEAD ATTORNEY;PRO HAC VICE;ATTORNEY TO BE
NOTICED

Kenyon & Kenyon

One Broadway

New York , NY 10004

USA

(212) 908-6439

Email:Greitboeck@kenyon.Com

Jeffrey Mark Drake

ATTORNEY TO BE NOTICED

Miller, Canfield, Paddock and Stone
225 W. Washington Suite 2600
Chicago , IL 60606

USA

3124604234

Fax: 3124604201
Email:Drakej@millercanfield.Com

Michael J Lennon

ATTORNEY TO BE NOTICED
Kenyon & Kenyon

One Broadway

New York , NY 10004

USA

(212) 425-7200
Email:Mlennon@kenyon.Com

Ryan Christopher Williams

ATTORNEY TO BE NOTICED

Miller Canfield Paddock and Stone PLC
225 West Washington Street Suite 2600
Chicago , IL 60606

USA

312 460 4200

Email: Williamsr@millercanfield.Com

Susan Ann Smith

PRO HAC VICE;ATTORNEY TO BE NOTICED
Kenyon & Kenyon LLP

1500 K Street, N.W., Suite 700
Washington , DC 20005

USA

(202) 220-4321
Email:Ssmith@kenyon.Com

Jeffrey Mark Drake

ATTORNEY TO BE NOTICED

Miller, Canfield, Paddock and Stone
225 W. Washington Suite 2600
Chicago , IL 60606
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Date
11/21/2013

11/21/2013
11/21/2013

11/21/2013

11/21/2013
11/21/2013
11/21/2013
11/21/2013
11/21/2013

11/25/2013
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USA

3124604234

Fax: 3124604201
Email:Drakej@millercanfield.Com

Michael J Lennon

ATTORNEY TO BE NOTICED
Kenyon & Kenyon

One Broadway

New York , NY 10004

USA

(212) 425-7200
Email:Mlennon@kenyon.Com

RYan Christopher Williams
ATTORNEY TO BE NOTICED
Miller Canfield Paddock and Stone PLC

225 West Washington Street Suite 2600

Chicago , IL 60606

USA .

312 460 4200
Email:Williamsr@millercanfield.Com

Susan Ann Smith

Page 3 of 8

PRO HAC VICE;ATTORNEY TO BE NOTICED

Kenyon & Kenyon LLP

1500 K Street, N.W., Suite 700
Washington , DC 20005

USA

(202) 220-4321
Email:Ssmith@kenyon.Com

Proceeding Text

COMPLAINT filed by Velocity Patent LLC; Jury Demand. Filing fee $ 400,
receipt number 0752-8957811. (Attachments: # 1 Exhibit Ex. A)(Shimota,
James) (Entered: 11/21/2013)

CIVIL Cover Sheet (Shimota, James) (Entered: 11/21/2013)

ATTORNEY Appearance for Plaintiff Velocity Patent LLC by James A
Shimota (Shimota, James) (Entered: 11/21/2013)

CASE ASSIGNED to the Honorable Joan B. Gottschall. Designated as
Magistrate Judge the Honorable Geraldine Soat Brown. (nsf, ) (Entered:
11/21/2013)

ATTORNEY Appearance for Plaintiff Velocity Patent LLC by Howard E Levin
(Levin, Howard) (Entered: 11/21/2013)

ATTORNEY Appearance for Plaintiff Velocity Patent LLC by Adam Robert
Brausa (Brausa, Adam) (Entered: 11/21/2013)

SUMMONS Issued as to Defendants Audi of America, Inc., Audi of America,
LLC (pg, ) (Entered: 11/21/2013)

NOTIFICATION of Affiliates pursuant to Local Rule 3.2 by Velocity Patent
LLC (Shimota, James) (Entered: 11/21/2013)

Rule 3.4 Notice of Claims Involving Patents by Velocity Patent LLC
(Shimota, James) (Entered: 11/21/2013)

ORDER: Status Hearing set for 01/17/14 at 9:30 AM. Plaintiff is directed to
advise the defendants of the status hearing forthwith. Pursuant to LR 5.2
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12/02/2013

12/04/2013

12/06/2013
12/06/2013
12/06/2013

12/06/2013
12/06/2013

12/06/2013

12/06/2013

12/09/2013

12/16/2013

12/18/2013
01/09/2014

01/27/2014

01/27/2014

https://courtlink.lexisnexis.com/Control Support/UserControls/ShowDocket.aspx 7?Key=163...

10

11

12

13

14

15

16

17

18

19

20

21

22

23

(f), a stapled and/or bound paper copy of all electronically filed
documents, must be delivered to chambers (2356) within one business
day. Noncompliance with LR 5.2(f) will result in the imposition of a
$200.00 fine payable to the Clerk of the Court, 219 South Dearborn
Street, 20th Floor, Chicago, Illinois 60604. Parties are directed to discuss
settlement of case, consent to proceed before the Magistrate Judge, and a
proposed discovery plan. See Judge Gottschall's civil case management
information regarding pretrial case management procedures at
http://www.ilnd.uscourts.gov., Set/reset hearings. Mailed notice(vcf, )
(Entered: 11/26/2013)

SUMMONS Returned Executed by Velocity Patent LLC as to Audi of
America, LLC on 11/22/2013, answer due 12/13/2013. (Shimota, James)
(Entered: 12/02/2013)

ATTORNEY Appearance for Plaintiff Velocity Patent LLC by Aaron Charles
Taggart (Taggart, Aaron) (Entered: 12/Q4/2013)

ATTORNEY Appearance for Defendants Audi of America, Inc., Audi of
America, LLC by Jeffrey Mark Drake (Drake, Jeffrey) (Entered:
12/06/2013) -

ATTORNEY Appearance for Defendants Audi of America, Inc., Audi of
America, LLC by Ryan Christopher Williams (Williams, Ryan) (Entered:
12/06/2013)

PAYMENT by Audi of Arherica, Inc., Audi of America, LLC of Pro Hac Fee $
50, receipt number 0752-8998643. (Lennon, Michael) (Entered:
12/06/2013)

MOTION for Leave to Appear Pro Hac Vice (Lennon, Michael) (Entered:
12/06/2013)

MOTION for Leave to Appear Pro Hac Vice Filing fee $ 50, receipt number
0752-8998762. (Smith, Susan) (Entered: 12/06/2013)

MOTION by Defendants Audi of America, Inc., Audi of America, LLC for
extension of time to file answer regarding complaint 1 UNOPPOSED
MOTION (Drake, Jeffrey) (Entered: 12/06/2013)

NOTICE of Motion by Jeffrey Mark Drake for presentment of motion for
extension of time to file answer, motion for relief 16 before Honorable
Joan B. Gottschall on 12/18/2013 at 09:30 AM. (Drake, Jeffrey) (Entered:
12/06/2013)

MINUTE entry before the Honorable Joan B. Gottschall:Attorney Michael J.
Lennon's application to appear pro hac vice 14 on behalf of the defendants
is granted. Attorney Susan A. Smith's application to appear pro hac vice
15 on behalf of the defendants is granted. Mailed notice (ef, ) (Entered:
12/09/2013)

MINUTE entry before the Honorable Joan B. Gottschall: Defendants'
motion for extension of time to file answer 16 is granted. Defendants to
answer or otherwise plead by January 27, 2014. Motion hearing set for
12/18/2014 at 9:30 is stricken. Mailed notice (ef, ) (Entered: 12/16/2013)

SUMMONS Returned Executed by Velocity Patent LLC as to Audi of
America, Inc. on 11/26/2013, answer due 12/17/2013. (Shimota, James)
(Entered: 12/18/2013)

MINUTE entry before the Honorable Joan B. Gottschall: By the agreement
of parties, status hearing set for 01/17/2014 is stricken and reset for
2/14/2014 at 09:30 a.m. Mailed notice (ef, ) (Entered: 01/09/2014)

NOTIFICATION of Affiliates pursuant to Local Rule 3.2 by Audi of America,
Inc., Audi of America, LLC (Drake, Jeffrey) (Entered: 01/27/2014)

MOTION TO DISMISS FOR FAILURE TO STATE A CLAIM (Drake, Jeffrey)
(Entered: 01/27/2014)
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01/27/2014

01/27/2014

01/30/2014

01/30/2014

01/30/2014

01/30/2014

02/04/2014

02/04/2014

02/04/2014

02/04/2014

02/07/2014

02/14/2014

02/18/2014

02/18/2014

02/18/2014

03/04/2014

03/04/2014

03/04/2014

03/11/2014
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24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

MEMORANDUM by Audi of America, Inc., Audi of America, LLC in support
of Motion to Dismiss for Failure to State a Claim 23 (Drake, Jeffrey)
(Entered: 01/27/2014)

NOTICE of Motion by Jeffrey Mark Drake for presentment of Motion to

Dismiss for Failure to State a Claim 23 before Honorable Joan B. Gottschall

on 1/31/2014 at 09:30 AM. (Drake, Jeffrey) (Entered: 01/27/2014)

MINUTE entry before the Honorable Joan B. Gottschall: Plaintiff's
Responses to Motion to Dismiss 23 due by 2/21/2014; replies due by
3/7/2014. Motion hearing set for 1/31/2014 is stricken. No appearance is
required. Mailed notice (ef, ) (Entered: 01/30/2014) -

NOTICE of Voluntary Dismissal by Velocity Patent LLC (Shimota, James)
(Entered: 01/30/2014)

AMENDED complaint by Velocity Patent LLC against Audi of America, Inc.
and terminating Audi of America, LLC (Attachments: # 1 Exhibit Ex. A)
(Shimota, James) (Entered: 01/30/2014)

First Amended Rule 3.4 Notice of Claims Involving Patents by Velocity
Patent LLC (Shimota, James) (Entered: 01/30/2014)

NOTICE by James A Shimota of Change of Address (Shimota, James)
(Entered: 02/04/2014)

NOTICE by Howard E Levin of Change of Address (Levin, Howard)
(Entered: 02/04/2014)

NOTICE by Aaron Charles Taggart of Change of Address (Taggart, Aaron)
(Entered: 02/04/2014)

NOTICE by Adam Robert Brausa of Change of Address (Brausa, Adam)
(Entered: 02/04/2014)

REPORT of Rule 26(f) Planning Meeting (Attachments: # 1 Exhibit 1)
(Shjmota, James) (Entered: 02/07/2014)

MINUTE entry before the Honorable Joan B. Gottschall: Status hearing
held. Defendant's motion to dismiss 23 is moot. Status hearing set for
5/16/2014 at 9:30 a.m. Mailed notice (ef, ) (Entered: 02/14/2014)

Second MOTION TO DISMISS FOR FAILURE TO STATE A CLAIM (Williams,
Ryan) (Entered: 02/18/2014)

MEMORANDUM by Audi of America, Inc. in support of Motion to Dismiss for
Failure to State.a Claim 36 (Williams, Ryan) (Entered: 02/18/2014)

NOTICE of Motion by Ryan Christopher Williams for presentment of Motion
to Dismiss for Failure to State a Claim 36 before Honorable Joan B.
Gottschall on 3/5/2014 at 11:00 AM. (Williams, Ryan) (Entered:
02/18/2014)

MINUTE entry before the Honorable Joan B. Gottschall: Plaintiff's
Responses to Motion to Dismiss for Failure to State a Claim 36 due by
3/19/2014; replies due by 4/2/2014. Motion hearing set for 3/5/2014 is
stricken. No appearance is required. Mailed notice (ef, ) (Entered:
03/04/2014)

MOTION by Defendant Audi of America, Inc. to amend/correct , MOTION
by Defendant Audi of America, Inc. for protective order (Attachments: # 1
Exhibit 1 - Proposed Protective Order, # 2 Exhibit 2 - Redlined Protective
Order, # 3 Exhibit 3 - Assignment, # 4 Exhibit 4 - Mavrakakis Bio, # 5
Exhibit 5 - Velocity Patents)(Williams, Ryan) (Entered: 03/04/2014)

NOTICE of Motion by Ryan Christopher Williams for presentment of motion
to amend/correct,, motion for protective order, 40 before Honorable Joan
B. Gottschall on 3/12/2014 at 11:00 AM. (Williams, Ryan) (Entered
03/04/2014)

MINUTE entry before the Honorable Joan B. Gottschall: Plaintiff's Response
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03/17/2014

03/18/2014

03/19/2014

03/25/2014
04/02/2014

04/08/2014
04/08/2014
04/09/2014
04/09/2014
04/09/2014
04/09/2014

04/10/2014

04/10/2014
04/10/2014

04/11/2014

04/24/2014

04/24/2014
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43

a4

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

to defendant's motion to amend protective order 40 due by 3/18/2014 ;
replies due by 3/25/2014. Motion hearing set for 3/12/2014 is stricken.
Mailed notice (ef, ) (Entered: 03/11/2014)

MINUTE entry before the Honorable Joan B. Gottschall: On the court's own
motion, Status hearing set for 5/16/2014 is reset for 5/30/2014 at 09:30
AM. Mailed notice (ef, ) (Entered: 03/17/2014)

RESPONSE by Velocity Patent LLCin Opposition to MOTION by Defendant

" Audi of America, Inc. to amend/correct MOTION by Defendant Audi of

America, Inc. for protective order 40 (Attachments: # 1 Exhibit A, # 2
Exhibit B)(Shimota, James) (Entered: 03/18/2014)

RESPONSE by Velocity Patent LLCin Opposition to Second MOTION TO
DISMISS FOR FAILURE TO STATE A CLAIM 36 (Shimota, James) (Entered:
03/19/2014)

REPLY by Audi of America, Inc. to response in opposition to motion, 44 to
Amend/Correct Protective Order (Williams, Ryan) (Entered: 03/25/2014)

REPLY by Audi of America, Inc. to response in opposition to motion 45 to
dismiss First Amended Complaint (Williams, Ryan) (Entered: 04/02/2014)

NOTICE of Motion by James A Shimota for presentment of before
Honorable Joan B. Gottschall on 4/11/2014 at 09:30 AM. (Shimota,
James) (Entered: 04/08/2014)

MOTION by Plaintiff Velocity Patent LLC to compel LOCAL PATENT RULE
2.1(b)(1) DISCLOSURES AND RESPONSES TO DISCOVERY (Attachments:
# 1 Exhibit A, # 2 Exhibit B, # 3 Exhibit C, # 4 Exhibit D, # 5 Exhibit E, #
6 Exhibit F, # 7 Exhibit G)(Shimota, James) (Entered: 04/08/2014)

MOTION by Defendant Audi of America, Inc. to transfer case to Eastern
District of Michigan (Drake, Jeffrey) (Entered: 04/09/2014)

MEMORANDUM by Audi of America, Inc. in support of motion to transfer
case 50 (Attachments: # 1 Exhibit 1 - 16)(Drake, Jeffrey) (Entered:
04/09/2014)

DECLARATION of Robert A. Arturi regarding memorandum in support of
motion 51 , motion to transfer case 50 (Drake, Jeffrey) (Entered:
04/09/2014)

NOTICE of Motion by Jeffrey Mark Drake for presentment of motion to
transfer case 50 before Honorable Joan B. Gottschall on 4/16/2014 at
09:30 AM. (Drake, Jeffrey) (Entgred: 04/09/2014)

MOTION by Defendant Audi of America, Inc. to stay and limit discovery
(Williams, Ryan) (Entered: 04/10/2014)

MEMORANDUM by Audi of America, Inc. in support of motion to stay 54
and limit discovery (Attachments: # 1 3-4-14 Velocity RFPs to Audi, # 2
3-4-14 Velocity Rogs to Audi)(Williams, Ryan) (Entered: 04/10/2014)

NOTICE of Motion by Ryan Christopher Williams for presentment of motion
to stay 54 before Honorable Joan B. Gottschall on 4/16/2014 at 09:30 AM.
(Williams, Ryan) (Entered: 04/10/2014)

‘MINUTE entry before the Honorable Joan B. Gottschall: Motion hearing
held. Responses to Plaintiff's Motion to Compel 49 , Motion to Transfer 50 ,
and Motion to Stay 54 due 5/9/2014. Replies due 5/23/2014. Motion
hearings set for 4/16/2014 are stricken. Mailed notice (ef, ) (Entered:
04/11/2014)

MOTION for Leave to Appear Pro Hac Vice Filing fee $ 50, receipt number
0752-9419562. for Georg Reitboeck (Reitboeck, Georg) (Entered:
04/24/2014)

EXECUTIVE COMMITTEE ORDER: Case reassigned to the Honorable John
W. Darrah for all further proceedings pursuant to local rule 40.4. Signed
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04/24/2014

04/28/2014

04/28/2014

04/29/2014

- 04/29/2014

05/05/2014

05/07/2014°

05/08/2014
05/08/2014

05/09/2014

05/09/2014

05/13/2014
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62

60

61

63

64

65

66

67

68

69

70

71

by Executive Committee on 4/24/2014. (vcf, ) (Entered: 04/25/2014)

ORDER: Ruling on motion hearing held. Pro hac vice motion is granted

58 . Defendant's motion to transfer 50 is entered and briefed as follows:
response by 5/9/14, reply by 5/23/14. In court hearing/ruling is set for
8/19/14 at 9:30 a.m. Defendant's second motion to dismiss 36,
defendant's motion to amend the protective order 40 , and defendant's
motion to stay and for limited discovery 54 are entered and continued to
5/7/14 at 9:30 a.m. Status hearing set for 5/7/14 at 9:30 a.m. Signed by
the Honorable John W. Darrah on 4/24/2014. Mailed notice(vcf, )
(Entered: 04/28/2014)

Pursuant to Local Rule 72.1, this case is hereby referred to the calendar of
Honorable Michael T. Mason for the purpose of holding proceedings related
to: discovery motions and discovery disputes, including plaintiff's motion
to compel 49 . Any extension to the discovery deadline must be heard by
Judge Darrah. Mailed notice. (maf) (Entered: 04/28/2014)

MINUTE entry before the Honorable Michael T. Mason: This case has been
referred to Magistrate Judge Mason. An initial status hearing is set for

-05/13/14 at 9:00 a.m. in courtroom 2266. Counsel shall confer with each

other and submit an Agreed Proposed Scheduling Order to the proposed
order inbox at: Proposed_Order_Mason@ilnd.uscourts.gov by 05/08/14.
The response and reply dates previously set 57 stand for plaintiff's motion
to compel 49 . Pursuant to Local Rule 5.2(f), the parties are reminded to
submit courtesy copies to chambers, room 2270, within one business day
of filing. (rbf, ) (Entered: 04/28/2014)

ATTORNEY Appearance for Defendant Audi of America, Inc. by Michael ]
Lennon (Lennon, Michael) (Entered: 04/29/2014)

ATTORNEY Appearance for Defendant Audi of America, Inc. by Georg
Reitboeck (Reitboeck, Georg) (Entered: 04/29/2014)

ATTORNEY Appearance for-Defendant Audi of America, Inc. by Susan Ann
Smith (Smith, Susan) (Entered: 05/05/2014)

ORDER: Status hearing held. The Court being advised from the parties
that the following motions are fully briefed: defendant's second motion to
dismiss 36 and defendant's motion to amend the protective order 40 , a
status hearing/ruling is set for 8/19/14 at 9:30 a.m. Defendant’'s motion
to stay and for limited discovery 54 is entered and continued to 8/19/14 at
9:30 a.m. Signed by the Honorable John W. Darrah on 5/7/2014. Mailed
notice(vcf, ) (Entered: 05/08/2014)

STATUS Report by Velocity Patent LLC (Shimota, James) (Entered:
05/08/2014)

REPORT of Rule 26(f) Planning Meeting (Attachments: # 1 Exhibit 1)
(Shimota, James) (Entered: 05/08/2014)

RESPONSE by Velocity Patent LLCin Opposition to MOTION by Defendant
Audi of America, Inc. to transfer case to Eastern District of Michigan 50
(Attachments: # 1 Exhibit 1, # 2 Exhibit 2, # 3 Exhibit 3, # 4 Exhibit 4, #
5 Exhibit 5, # 6 Exhibit 6, # 7 Exhibit 7, # 8 Exhibit 8, # 9 Exhibit 9, # 10
Exhibit 10, # 11 Exhibit 11, # 12 Exhibit 12, # 13 Exhibit 13, # 14 Exhibit
14, # 15 Exhibit 15)(Shimota, James) (Entered: 05/09/2014)

RESPONSE by Audi of America, Inc.in Opposition to MOTION by Plaintiff
Velocity Patent LLC to compel LOCAL PATENT RULE 2.1(b)(1)
DISCLOSURES AND RESPONSES TO DISCOVERY 49 (Attachments: # 1
Exhibit 1, # 2 Exhibit 2, # 3 Exhibit 3, # 4 Exhibit 4)(Drake, Jeffrey)
(Entered: 05/09/2014)

MINUTE entry before the Honorable Michael T. Mason:Magistrate Judge
Status hearing held on 5/13/14. The Court will rule by mail on plaintiff's
motion to compel 49 and set a future status hearing at that time, if
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necessary. (rbf, ) (Entered: 05/13/2014)

05/22/2014 72 REPLY by Velocity Patent LLC to response in opposition to motion, 70
(Attachments: # 1 Exhibit 1, # 2 Exhibit 2, Part A, # 3 Exhibit 2, Part B, #
4 Exhibit 3, Part A, # 5 Exhibit 3, Part B)(Shimota, James) (Entered:
05/22/2014)

Copyright ® 2014 LexisNexis CourtLink, Inc. All rights reserved.
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US District Court Civil Docket

U.S. District - Illinois Northern
(Chicago)

1:13cv8419

Velocity Patent Lic v. Chrysler Group, Llc

This case was retrieved from the court on Thursday, May 22, 2014

Date Filed: 11/21/2013
Assigned To: Honorable John W. Darrah Class Code: OPEN
Referred To: Closed:

Nature of suit:
Cause:

Lead Docket:
Other Docket:

Patent (830)

None
1:13cy08413

Patent Infringement

Statute: 35:271
Jury Demand: Both
Demand Amount: $0
NOS Description: Patent

Jurisdiction: Federal Question

Litigants Attorneys
Velocity Patent Lic Aaron Charles Taggart
Plaintiff ATTORNEY TO BE NOTICED

Mavrakakis Law Group LLP
180 N. Lasalle Suite 2215
Chicago , IL 60601

USA

(312) 216-1627
Email:Ataggart@mavllp.Com

Adam Robert Brausa

ATTORNEY TO BE NOTICED
Mavrakakis Law Group LLP

180 North Lasalle Street Suite 2215
Chicago , IL 60601

USA :

(312) 216-1626
Email:Abrausa@mavllp.Com

Howard E Levin

ATTORNEY TO BE NOTICED
Mavrakakis Law Group LLP
180 N. Lasalle Suite 2215
Chicago , IL 60601

USA

312-216-1620

Fax: (630) 881-7438
Email:Hlevin@mavllp.Com

James A Shimota

ATTORNEY TO BE NOTICED
Mavrakakis Law Group LLP

https://courtlink.lexisnexis.com/ControlSupport/UserControls/ShowDocket.aspx?Key=163... 5/22/2014
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180 N. Lasalle Suite 2215
Chicago , IL 60601

USA

(312) 216-1626

Fax: (773)661-2555
Email:Jshimota@mavlip.Com

Chrysler Group, Llc Brian William Bell

Defendant ~ ATTORNEY TO BE NOTICED
Swanson, Martin & Bell
330 North Wabash Suite 3300
Chicago , IL 60611 )
USA
(312) 321-9100
Email:Bbell@smbtrials.Com

Charles J. Monterio , Jr.

PRO HAC VICE;ATTORNEY TO BE NOTICED
Dickstein Shapiro Lip

1825 Eye Street Nw

Washington , DC 20006

USA

(202) 420-2200
Email:Monterioc@dicksteinshapiro.Com

Frank C Cimino , Jr.
. ATTORNEY TO BE NOTICED
Dickstein Shapiro LLP
1825 Eye Street Nw
(202) 912 - 5000
Washington , DC 20006
USA
Email:Ciminof @dicksteinshapiro.Com

Marla Harumi Kanemitsu

ATTORNEY TO BE NOTICED

Dickstein Shapiro LLP

1825 Eye Street, Nw

Washington , DC 20006

USA

(202) 420-4859
Email:Kanemitsum@dicksteinshapiro.Com

P. Stephen Fardy

ATTORNEY TO BE NOTICED
Swanson, Martin & Bell

330 North Wabash Suite 3300
Chicago , IL 60611

USA

(312) 321-9100
Email:Sfardy@smbtrials.Com

Date # Proceeding Text Source

11/21/2013 1 COMPLAINT filed by Velocity Patent LLC; Jury Demand. Filing fee $ 400,
receipt number 0752-8957934. (Attachments: # 1 Errata Ex. A)(Shimota,
James) (Entered: 11/21/2013)

11/21/2013 2 CIVIL Cover Sheet (Shimota, James) (Entered: 11/21/2013)

https://courtlink.lexisnexis.com/ControlSupport/UserControls/ShowDocket.aspx?Key=163... 5/22/2014
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11/21/2013 3  ATTORNEY Appearance for Plaintiff Velocity Patent LLC by James A
Shimota (Shimota, James) (Entered: 11/21/2013)

11/21/2013 CASE ASSIGNED to the Honorable Edmond E. Chang. Designated as
Magistrate Judge the Honorable Maria Valdez. (nsf, ) (Entered:
11/21/2013)

11/21/2013 4 ATTORNEY Appearance for Plaintiff Velocity Patent LLC by Howard E Levin
(Levin, Howard) (Entered: 11/21/2013)

11/21/2013 5 ATTORNEY Appearance for Plaintiff Velocity Patent LLC by Adam Robert
Brausa (Brausa, Adam) (Entered: 11/21/2013)

11/21/2013 SUMMONS Issued as to Defendant Chrysler Group, LLC (pg, ) (Entered:
11/21/2013) .

11/21/2013 6 NOTIFICATION of Affiliates pursuant to Local Rule 3.2 by Velocity Patent
LLC (Shimota, James) (Entered: 11/21/2013)

11/21/2013 7 Notice of Claims Involving Patents Pursuant to Rule 3.4 by Velocity Patent
LLC (Shimota, James) (Entered: 11/21/2013)

11/22/2013 8 MAILED patent report to Patent Trademark Office, Alexandria VA (tg, )
(Entered: 11/22/2013)

11/22/2013 9 MINUTE entry before the Honorable Edmond E. Chang: Status hearing set
. for February 6, 2014 at 8:30 a.m. The parties must file a joint initial

status report with the content described in the attached status report
requirements at least 3 business days before the initial status hearing.
Plaintiff must still file the report even if not all Defendants have been
served or have responded to requests to craft a joint report. Additionally,
the parties must read Judge Chang's Case Management Procedures on the
Court's website; those Procedures are considered standing orders in this
case.Mailed notice (Attachments: # 1 Status Report Requirements) (slb, )
(Entered: 11/22/2013)

12/02/2013 10 SUMMONS Returned Executed by Velocity Patent LLC as to Chrysler
Group, LLC on 11/22/2013, answer due 12/13/2013. (Shimota, James)
(Entered: 12/02/2013)

12/02/2013 11 MINUTE entry before the Honorable Edmond E. Chang: The status hearing
of 2/6/2014 is reset to 1/7/2014 at 9:30 a.m. The status report is due at
least 3 business days before the initial status hearing. Mailed notice (slb, )
(Entered: 12/02/2013)

12/03/2013 12 MINUTE entry before the Honorable Edmond E. Chang: Plaintiff's counsel
called the courtroom deputy to say that Plaintiff had intended to check the
box on the Civil Cover Sheet form that states there is a related case (13 C
08413) in Section IX of the form. Counsel asked whether there was a way
to administratively correct the form in order to have the case reassigned
as related; counsel was instructed to file a motion (where all parties may
weigh in) rather than rely on some other mechanism. Mailed notice (slb, )
(Entered: 12/03/2013)

12/04/2013 13 ATTORNEY Appearance for Plaintiff Velocity Patent LLC by Aaron Charles
Taggart (Taggart, Aaron) (Entered: 12/04/2013)

12/11/2013 14 ATTORNEY Appearance for Defendant Chrysler Group, LLC by Marla
Harumi Kanemitsu (Kanemitsu,~Marla) (Entered: 12/11/2013)

12/11/2013 15 MOTION by Defendant Chrysler Group, LLC for extension of time to file
answer regarding complaint 1 (Attachments: # 1 Unopposed Motion for a
45 day Extension of Time)(Kanemitsu, Marla) (Entered: 12/11/2013)

12/12/2013 16 MOTION for Leave to Appear Pro Hac Vice Filing fee $ 50, receipt number
0752-9017144. (Cimino, Frank) (Entered: 12/12/2013)

12/19/2013 17 MINUTE entry before the Honorable Edmond E. Chang: Defendant's
unopposed extension motion 15 to answer is granted to 01/27/2014. The

https://courtlink.lexisnexis.com/ControlSupport/UserControls/ShowDocket.aspx?Key=163... 5/22/2014
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12/23/2013

01/06/2014

01/07/2014

01/07/2014

01/07/2014

01/10/2014

01/27/2014

02/04/2014

02/04/2014

02/04/2014

02/04/2014

02/24/2014

04/03/2014

04/10/2014

04/17/2014

04/21/2014

04/24/2014

05/07/2014

18

19
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22

23

24
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26

27

28

29

30

31

32

33

34

35

Page 4 of 5

motion to proceed pro hac vice 16 is granted. With regard to noticing-up
motions, the extension motion did not appear on the CM/ECF system for
some reason. (lcw, ) (Entered: 12/19/2013)

MINUTE entry before the Honorable Edmond E. Chang: In light of the new
answer deadline, the status hearing of 01/07/2014 is reset to 02/06/2014
at 8:30 a.m. The joint written status report is due on 02/03/2014. (lcw, )
(Entered: 12/23/2013)

MOTION for Leave to Appear Pro Hac Vice Filing fee $ 50, receipt number
0752-9073340. (Monterio, Charles) (Entered: 01/06/2014) -

ATTORNEY Appearance for Defendant Chrysler Group, LLC by P. Stephen
Fardy (Attachments: # 1 Certificate of Service)(Fardy, P.) (Entered:
01/07/2014)

ATTORNEY Appearance for Defendant Chrysler Group, LLC by Brian
William Bell (Attachments: # 1 Certificate of Service)(Bell, Brian)
(Entered: 01/07/2014)

EXECUTIVE COMMITTEE ORDER: Case reassigned to the Honorable John
W. Darrah for all further proceedings. Signed by Executlve Committee on
1/7/2014. (tg, ) (Entered: 01/08/2014)

MINUTE entry before the Honorable John W. Darrah: Status hearing set
for 4/10/14 at 9:30 a.m. Mailed notice(maf) (Entered: 01/10/2014)

ANSWER to Complaint with Jury Demand by Chrysler Group, LLC(Fardy,
P.) (Entered: 01/27/2014)

NOTICE by James A Shimota of Change of Address (Shimota, James)
(Entered: 02/04/2014)

NOTICE by Howard E Levin of Change of Address (Levin, Howard)
(Entered: 02/04/2014)

NOTICE by Aaron Charles Taggart of Change of Address (Taggart, Aaron)
(Entered: 02/04/2014)

NOTICE by Adam Robert Brausa of Change of Address (Brausa, Adam)
(Entered: 02/04/2014)

Updated Corporate Disclosure by Chrysler Group, LLC (Fardy, P.)
(Entered: 02/24/2014)

REPORT of Rule 26(f) Planning Meeting (Attachments: # 1 Exhibit 1)
(Shimota, James) (Entered: 04/03/2014)

ORDER : Status hearing held and continued to 4/17/14 at 9:30 a.m. Joint
claim construction chart and status report to be filed by 2/15/15. Claim
construction hearing is set for 3/11/15 at 1:30 p.m. Signed by the
Honorable John W. Darrah on 4/10/2014. Mailed notice (tg, ) (Entered:
04/11/2014)

MINUTE entry before the Honorable John W. Darrah: Status hearing held
and continued to 4/24/14 at 9:30 a.m.Mailed notice(maf) (Entered:
04/17/2014)

ORDER: Pro hac vice motion is granted 19 . Signed by the Honorable John
W. Darrah on 4/21/2014. Mailed notice (tg, ) (Entered: 04/21/2014)

MINUTE entry before the Honorable John W. Darrah: Status hearing held
and continued to 5/7/14 at 9:30 a.m. Mailed notice(maf) (Entered:
04/24/2014)

MINUTE entry before the Honorable John W. Darrah: Status hearing held
and continued to 8/19/14 at 9:30 a.m. Mailed notice(maf) (Entered:
05/07/2014)
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US District Court Civil Docket

U.S. District - Illinois Northern
(Chicago)

1:13cv8421

Velocity Patent Lic v. Jaguar Land Rover North America, Llc

This case was retrieved from the court on Thursday, May 22, 2014

Date Filed:
Assigned To:
Referred To:

Nature of suit:
- Cause:

Lead Docket:
Other Docket:
Jurisdiction:

Velocity Patent Lic
Plaintiff

https://courtlink.lexisnexis.com/ControlSupport/UserControls/ShowDocket.aspx?Key=163...

11/21/2013

Honorable John W. Darrah

Patent (830)

Patent Infringement

None
None
Federal Question

Litigants

Class Code: OPEN
Closed:
Statute: 35:271
) Jury Demand: Both
Demand Amount: $0
NOS Description: Patent

Attorneys

James A Shimota

LEAD ATTORNEY;ATTORNEY TO BE NOTICED
Mavrakakis Law Group LLP

180 N. Lasalle Suite 2215

Chicago , IL 60601

USA

(312) 216-1626

Fax: (773)661-2555
Email:Jshimota@mavlip.Com

Aaron Charles Taggart
ATTORNEY TO BE NOTICED
Mavrakakis Law Group LLP
180 N. Lasalle Suite 2215
Chicago, IL 60601

USA

(312) 216-1627
Email:Ataggart@mavtlp.Com

Adam Robert Brausa

ATTORNEY TO BE NOTICED
Mavrakakis Law Group LLP

180 North Lasalle Street Suite 2215
Chicago , IL 60601

USA

(312) 216-1626
Email:Abrausa@mavliip.Com

Howard E Levin

ATTORNEY TO BE NOTICED
Mavrakakis Law Group LLP

1986
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180 N. Lasalle Suite 2215
Chicago , IL 60601

USA

312-216-1620

Fax: (630) 881-7438
Email:Hlevin@mavllp.Com

Jaguar Land Rover North America, Llc Cassius K. Sims

Defendant

bate
11/21/2013

11/21/2013
11/21/2013

11/21/2013

11/21/2013

PRO HAC VICE;ATTORNEY TO BE NOTICED
Latham & Watkins LLP

885 Third Avenue

New York , NY 10022

USA

(212) 906-1200
Email:Cassius.Sims@Iw.Com

Clement Joseph Naples

PRO HAC VICE;ATTORNEY TO BE NOTICED
Latham & Watkins LLP

885 Third Avenue

New York , NY 10022

USA

(212) 906-1200
Email:Clement.Naples@Iw.Com

Kristopher R. Davis

ATTORNEY TO BE NOTICED
Latham & Watkins LLP

330 N. Wabash Avenue Suite 2800
Chicago , IL 60611

USA

(312) 876-7700

Fax: (312) 993-9767
Email:Kris.Davis@Ilw.Com

Matthew John Moore

PRO HAC VICE;ATTORNEY TO BE NOTICED
Latham & Watkins LLP

555 Eleventh Street Nw Suite 1000
Washington , DC 20004

USA

(202) 637-2200
Email:Matthew.Moore@Iw.Com

Proceeding Text Source

COMPLAINT filed by Velocity Patent LLC; Jury Demand. Filing fee $ 400,
receipt number 0752-8958007. (Attachments: # 1 Exhibit Ex. A)(Shimota,
James) (Entered: 11/21/2013) ’

CIVIL Cover Sheet (Shimota, James) (Entered: 11/21/2013)

ATTORNEY Appearance for Plaintiff Velocity Patent LLC by James A
Shimota (Shimota, James) (Entered: 11/21/2013)

CASE ASSIGNED to the Honorable Robert W. Getfleman. Designated as
Magistrate Judge the Honorable Jeffrey T. Gilbert. (nsf, ) (Entered:
11/21/2013)

ATTORNEY Appearance for Plaintiff Velocity Patent LLC by Howard E Levin
(Levin, Howard) (Entered: 11/21/2013)
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11/21/2013
11/21/2013
11/21/2013
11/21/2013
11/22/2013

11/25/2013

11/26/2013

12/02/2013

12/04/2013

12/10/2013.

12/10/2013

12/10/2013

12/10/2013

12/11/2013
12/11/2013
12/11/2013

12/16/2013

01/07/2014

https://courtlink.lexisnexis.com/ControlSupport/UserControls/ShowDocket.aspx?Key=163...

10

11

12

13

14

15

16

17

18

19

20

21

ATTORNEY Appearance for Plaintiff Velocity Patent LLC by Adam Robert
Brausa (Brausa, Adam) (Entered: 11/21/2013)

SUMMONS Issued as to Defendant Jaguar Land Rover North America, LLC
(pg, ) (Entered: 11/21/2013)

NOTIFICATION of Affiliates pursuant to Local Rule 3.2 by All Plaintiffs
(Shimota, James) (Entered: 11/21/2013)

Rule 3.4 Notice of Claims Involving Patents by Velocity Patent LLC
(Shimota, James) (Entered: 11/21/2013)

MAILED patent report to Patent Trademark Office, Alexandria VA. (tim)
(Entered: 11/22/2013)

ORDER the Clerk is to arrange for this case to be transferred to the Patent
Case Pilot Program, signed by the Honorable Robert W. Gettleman on
11/25/2013: Mailed notice (gds) (Entered: 11/25/2013)

EXECUTIVE COMMITTEE ORDER: It appearing that 13 C 8421, Velocity
Patent LLC v. Jaguar Land Rover North America LLC, pending before the
Hon. Robert W. Gettleman, has been identified for transfer to the Patent
Case Pilot Program in which this Court is participating, therefore It is
hereby ordered that 13 C 8421, Velocity Patent LLC v. Jaguar Land Rover
North America LLC,, is to be reassigned by lot to one of the district judges
participating in the pilot program. Case reassigned to the Honorable Elaine
E. Bucklo for all further proceedings. Signed by Executive Committee on
11/26/2013. (td, ) (Entered: 11/26/2013)

SUMMONS Returned Executed by Velocity Patent LLC as to Jaguar Land
Rover North America, LLC on 11/22/2013, answer due 12/13/2013.
(Shimota, James) (Entered: 12/02/2013)

ATTORNEY Appearance for Plaintiff Velocity Patent LLC by Aaron Charles
Taggart (Taggart, Aaron) (Entered: 12/04/2013)

ATTORNEY Appearance for Defendant Jaguar Land Rover North America,
LLC by Kristopher R. Davis (Davis, Kristopher) (Entered: 12/10/2013)

NOTIFICATION of Affiliates pursuant to Local Rule 3.2 by Jaguar Land
Rover North America, LLC (Davis, Kristopher) (Entered: 12/10/2013)

MOTION by Defendant Jaguar Land Rover North America, LLC for
extension of time to file answer regarding complaint 1 - Defendant's
Unopposed Motion for Extension of Time to Answer or Otherwise Plead
(Davis, Kristopher) (Entered: 12/10/2013)

NOTICE of Motion by Kristopher R. Davis for presentment of motion for
extension of time to file answer, motion for relief 15 before Honorable
Elaine E. Bucklo on 12/17/2013 at 09:30 AM. (Daws, Kristopher)
(Entered: 12/10/2013)

MOTION for Leave to Appear Pro Hac Vice Filing fee $ 50, recelpt number
0752-9012819. (Sims, Cassius) (Entered: 12/11/2013)

MOTION for Leave to Appear Pro Hac Vice Filing fee $ 50, receipt number
0752-9013079. (Naples, Clement) (Entered: 12/11/2013)

MOTION for Leave to Appear Pro Hac Vice Filing fee $ 50, receipt number
0752-9014790. (Moore, Matthew) (Entered: 12/11/2013)

" MINUTE entry before the Honorable Elaine E. Bucklo: Defendant's

Unopposed Motion for extension of time until 1/27/2014 to answer or
otherwise plead 15 is granted. Application to appear pro hac vice of
Cassius Sims 17 , Clement J. Naples 18 and Matthew J. Moore 19 as
counsel for defendant are granted. Scheduling Conference set for
1/31/2014 at 9:30 AM. Mailed notice (jdh) (Entered: 12/16/2013)

EXECUTIVE COMMITTEE ORDER: Case reassigned to the Honorable John
W. Darrah for all further proceedings. Related Case No. 13cv8413. Entered

1988
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01/10/2014

01/27/2014

01/28/2014

02/04/2014

02/04/2014

02/04/2014

02/04/2014

04/03/2014

04/10/2014

04/11/2014

04/17/2014

04/24/2014

05/07/2014

22

23

24

25

26

27

28

29

30

31

32

33

34

by Executive Committee on 1/7/14.(gcy, ) (Entered: 01/08/2014)

MINUTE entry before the Honorable John W. Darrah: Status hearing set
for 4/10/14 at 9:30 a.m. Mailed notice(maf) (Entered: 01/10/2014)

ANSWER to Complaint with Jury Demand by Jaguar Land Rover North
America, LLC(Davis, Kristopher) (Entered: 01/27/2014)

MINUTE entry before the Honorable Elaine E. Bucklo: This case having

"been reassigned to Judge Darrah, the scheduling conference set for

1/31/2014 before Judge Bucklo is stricken. Mailed notice (jdh) (Entered:
01/28/2014)

NOTICE by James A Shimota of Change of Address (Shimota, James)
(Entered: 02/04/2014)

NOTICE by Howard E Levin of Change of Address (Levin, Howard)
(Entered: 02/04/2014)

NOTICE ‘by Aaron Charles Taggart of Change of Address (Taggart, Aaron)
(Entered: 02/04/2014)

NOTICE by Adam Robert Brausa of Change of Address (Brausa, Adam)
(Entered: 02/04/2014)

REPORT of Rule 26(f) Planning Meeting (Attachments: # 1 Exhibit 1)
(Shimota, James) (Entered: 04/03/2014)

ORDER: Status hearing held and continued to 4/17/14 at 9:30 a.m. Joint
claim construction chart and status report to be filed by 2/15/15. Claim
Construction hearing is set for 3/11/15 at 1:30 p.m. Signed by the
Honorable John W. Darrah on 4/10/2014.(gcy, ) (Entered: 04/11/2014)

MINUTE entry before the Honorable John W. Darrah: The Court's 4/10/14
order is amended to reflect the following: Joint claim construction chart
and status report to be filed by 2/25/15. Mailed notice(maf) (Entered:
04/11/2014)

MINUTE entry before the Honorable John W. Darrah: Status hearing held
and continued to 4/24/14 at 9:30 a.m.Mailed notice(maf) (Entered:
04/17/2014)

MINUTE entry before the Honorable John W. Darrah: Status hearing held
and continued to 5/7/14 at 9:30 a.m. Mailed notice(maf) (Entered:
04/24/2014)

MINUTE entry before the Honorable John W. Darrah: Status hearing held
and continued to 8/19/14 at 9:30 a.m. Mailed notice(maf) (Entered:
05/07/2014)
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Y\ UNITED STATES PATENT AND TRADEMARK OFFIGE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

& > Address: COMMISSIONER FOR PATENTS
N PO. Box 1450
Alexandria, Virginia 22313-1450

www.uspto.gov

MM AN CONFIRMATION NO. 9998

Bib Data Sheet

FILING OR 371(c) ,
SERIALNUMBER | =~ DPATE CLASS GROUP ART UNIT ATTORNEY
90/013,252. 05/22/2014 701 3993 DOCKET NO.
RULE

AIA (First Inventor to File): YES

INVENTORS

5,954,781, Residence Not Provided; .
VELOCITY PATENT LLC. (OWNER), ATHERTON, CA,;
VOLKSWAGEN GROUP OF AMERICA, INC. (3RD PTY. REQ.), HERNDON, VA;

_|APPLICANTS
KENYON & KENYON LLP, NEW YORK, NY

*k CONTINUING DATA hhARAARRAAAhAA AR Ak hhd
This application is a REX of 08/813,270 03/10/1997 PAT 5954781

*k FOREIGN APPLICATIONS dkkhkkkdh ik ki h ki kk

Foreign Priority claimed D yes D no
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et ) Allowance COUNTRY | DRAWING 8
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IAcknowledged Examiner's Signature Initials

3100 NATIONSBANK PLAZA
901 MAIN STREET

IDALLAS, TX756202-3789

TITLE

IMethod and Apparatus for Optimizing Vehicle Operation :

||:| All Fees

ll:l 1.16 Fees ( Filing ) ]
FILING FEE [FEES: Authority has been given in Paper 147 Fees ( Processing Ext. of
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