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I - PARTICULARS OF PRIOR APPLICATION

A. Application Serial No.

B. Title (as originally filed):

10/100.892 filed March 18, 2002 .

COLLISION MONITORING SYSTEM
{(and as last amended - if applicable):

C. Name of applicant(s) (as originally filed and as last amended) and current
correspondence address of applicant(s)

1. FULL NAME FAMILY NAME FIRST GIVEN SECOND GIVEN
OF INVENTOR NAME NAME
Boisvert Mario
RESIDENCE & CITY STATE OF COUNTRY OF
CITIZENSHIP FOREIGN CITIZENSHIP
COUNTRY
Reed City Canada
U.S.
POST OFFICE POST OFFICE CITY STATE & ZIP
ADDRESS ADDRESS CODE/COUNTRY
43 OIld U. S. 131 Reed City Michigan 49677
USA

1. FULL NAME FAMILY NAME FIRST GIVEN SECOND GIVEN
OF INVENTOR NAME NAME
Perrin Randall
RESIDENCE & CITY STATE OF COUNTRY OF
CITIZENSHIP FOREIGN CITIZENSHIP
COUNTRY
Cadillac United States of
U.S. America
POST OFFICE POST OFFICE CITY STATE & ZIP
ADDRESS ADDRESS CODE/COUNTRY
667 Cobb Street Cadillac Michigan 49601
USA
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l. INVENTORSHIP STATEMENT
® This application discloses and claims only subject matter disclosed in the prior
application whose particulars are set out above and the inventor(s) in this
application are ® the same as, [ less than, those named in the prior application;
and it is requested that the following inventor(s) identified above for the prior
application be deleted:

[ This application discloses and claims additional subject matter with respect to

the prior application and a new declaration is forthcoming. With respect to the prior
application whose particulars are set out above the inventor(s) in this application
are ® the same, [J add the following additional inventor(s):

® The inventorship for all the claims in this application is 8 the same, (J not the
same, and an explanation, including the ownership of the various claims at the time
the last claimed invention was made, is submitted.

1. DECLARATION OR OATH

® Continuation or division: 8 none required.
[ Continuation-in-part [ attached (executed by inventor(s)), O not attached.

V. AMENDMENTS
Please enter the attached preliminary amendment before calculating the

filing fee. The attached preliminary amendment adds claims 28-35 to the
originally filed 27 claims. Note, 26 and 27 were renumbered..

V. FEE CALCULATION

CLAIMS AS FILED IN DIVISIONAL APPLICATION

Number filed Number Extra  Rate Basic Fee
$ 770.00
Total
Claims 35 -20= 15 x $18.00= 270.00
Independent
Claims 8 -3= 5 x$86.00= 430.00
Multiple
Dependent Claim(s). if any $260.00=
Filing Fee Calculation $ 1.470.00

VI PETITION FOR SUSPENSION OF PROSECUTION FOR THE TIME NECESSARY
TO FILE AN AMENDMENT [ Attached is a Petition to Suspend Prosecution for
the Time Necessary to File an Amendment.
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VIL.

VIIL.

X,

XII.

X,

SMALL ENTITY STATEMENT

® Small entity status is claimed.

0 The small entity statement was filed in the parent application Serial No. which
parent application was filed on and this status is still proper and its
benefit under 37 CFR 1.28(a) is hereby claimed.

Reduced Filing Fee Calculation (50% of above) $ _735.00
FEE PAYMENT
® Filing Fee enclosed $_ 735.00
[ Fee for Recording Assignment ($40) $

O Petition fee for filing by other than all the inventors or person not the
inventor where inventor refused to sign or cannot be reached ($130.00)

Total Fees Enclosed $_735.00
METHOD OF PAYMENT OF FEES
® Enclosed is a check in the amount of $__ 735.00
[0 Charge Deposit Account No. 23-0630 in the amount of $

AUTHORIZATION TO CHARGE ADDITIONAL FEES

= The Commissioner is hereby authorized to charge any additional fees which
may be required, or credit any overpayment to Deposit Account No. 23-
0630.

PRIORITY -35 U.S.C. 119

[ Priority of application Serial No. 0 / filed on in

is claimed under 35 U.S.C. 119.

O The certified copy has been filed on in prior U.S. application
Serial No. 0 / , filed on ;

0 Certified copy will follow.

RELATE BACK - 35 U.S.C. 120

® Amend the Specification by inserting before the first line the sentence:

"This is a Divisional application of application Serial No._10/100,892, filed on March
18, 2002".

ASSIGNMENT

® The prior application is assigned of record to Nartron Corporation.
O An assignment of the invention to
is attached. A separate cover sheet for assignment is also attached.
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XIV.

XV.

XVI.

XVII.

VIIL.

XIX.

POWER OF ATTORNEY

The power of attorney in the prior application is to_Stephen J. Schultz,
Reg. No. 29,109

® The power appears in the original papers in the prior application.

[0 The power does not appear in the original papers, but was filed on
[ A new power of attorney is forthcoming.

MAINTENANCE OF COPENDENCY OF PRIOR APPLICATION

(must be completed and the necessary papers filed in the prior application if the
period set in the prior application has run)

O A petition and fee are enclosed.

CONDITIONAL PETITION FOR EXTENSION OF TIME IN PRIOR APPLICATION
® No Petition for extension of time is believed to be required. However, this is a
conditional petition for extension of time for the pending prior application in the
event that the need for an extension of time has been inadvertently overlooked in
the prior application.

ABANDONMENT OF PRIOR APPLICATION

[ Please abandon the prior application at a time while the prior application is
pending or when the petition for extension of time or petition to revive in that
application is granted and when this application is granted a filing date so as to
make this application copending with said prior application. At the same time
please add the words ", now abandoned" to the end of the sentence amending the
specification in Xl| above.

INFORMATION DISCLOSURE STATEMENT

[ Submitted herewith is an Information Disclosure Statement.

Petition to Withdraw from Issue
0 A Petition to withdraw the prior application from issue is being filed concurrently
herewith for consideration of the Information Disclosure Statement filed
hereby in connection with the new CIP application.

5%%

(signature)

Stephen J. Schultz, Reg. N. 29, 109
WATTS, HOFFMANN CO., L.P.A.
Suite 1750

1100 Euclid Avenue

Cleveland, Ohio 44114-2518
Telephone (216) 241-6700

Fax (216) 241-8151
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- Doreen Arndt - 14-733C2.apl.doc

14-733C2

COLLISION MONITORING SYSTEM

CROSS REFERENCE TO RELATED APPLICATIONS:

The present application is a continuation-in-part of éppﬁcation serial no.
09/562,986 filed May 1, 2000 which is a continuation-in-part of application serial
number 08/736,786 to Boisvert et al. which was filed on October 25, 1996, now
US patent no. 6,064,165 which was a continuation of united States application
serial number 08/275,107 to Boisvert et al. which was filed on July 14, 1994
which is a continuation in part of application serial number 07/872,180 filed April
22, 1992 to Washeleski et al., now United States patent 5,334,876. These
related applications are incorporated herein by reference. Applicants also
incorporate by reference United States patent number 5,952,801 to Boisvert et
al, which issued September 14, 1999. This application also claims priority from
United States Provisional application serial no. 60/169,061 filed December 6,
1999 which is also incarporated herein by reference.

EIELD OF THE INVENTION:

The present invention concerns motor driven actuator control systems and
methods whereby empirically characterized actuation operation parameters are
subsequently monitored.

BACKGROUND:

National Highway Traffic Safety Administration (NHTSA) Standard 118
contains regulations to assure safe operation of power-operated windows and
roof panels. It establishes requirements for power window control systems
located on the vehicle exterior and for remote control devices. The purpose of
the standard is to reduce the risk of personal injury that could result if a limb
catches between a closing power operated window and its window frame.
Standard 118 states that maximum allowable obstacle interference force during
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an automatic closure is less than 100 Newton onto a solid cylinder having a
diameter from 4 millimeters to 200 millimeters.

Certain technical difficulties exist with operation of prior art automatic
power window controls. One difficulty is undesirable shutdown of the power
window control for causes other than true obstacle detection. Detection of
obstacles during startup energization, soft obstacle detection, and hard obstacle
detection each present technical challenges requiring multiple simultaneous
obstacle detection techniques. Additionally, the gasket area of the window that
seals to avoid water seepage into the vehicle presents a difficulty to the design of
a power window control, since the window panel encounters significantly different
resistance to movement in this region. Operation under varying power supply
voltage results in actuator speed variations that resuit in increased obstacle
detection thresholds.

SUMMARY OF THE INVENTION:

This invention concerns an improved actuator system that provides faster
operation, more sensitive obstacle detection, faster actuator stopping with
reduced pinch force, and reduced false obstacle detection all with less costly
hardware. This invention has utilization potential for diverse automatic powered
actuator applications including positioning of doors, windows, sliding panels,
seats, control pedals, steering wheels, aerodynamic controls, hydrodynamic
cantrols, and much more. One exemplary embodiment of primary emphasis for
this disclosure concerns an automatic powered actuator as a motor vehicle
sunroof panel.

An exemplary system built in accordance with one embodiment of the
invention implements position and speed sensing is via electronic motor current
commutation pulse sensing of the drive motor. Motor current commutation pulse
counfing detection means and counting correction routines provide improved
position and speed accuracy.

In one exemplary embodiment, stored empirical parameter
characterizations and algorithms adaptively modify obstacle detection thresholds
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during an ongoing actuation for improved obstacle detection sensitivity and
thresholds resulting in quicker obstacle detection with lower initial force, lower
final pinch force and reduced occurrences of false obstacle detection.

An exemplary emhodihwent of the collision sensing system uses a memory
for actuation speed measurement, motor current measurement, and calculations
of an ongoing actuation with real time adaptive algorithms enables real time
running adaptive compensation of obstacle detection thresholds.

BRIEF DESCRIPTIONS OF THE DRAWINGS:

Figure 1 is a block diagram schematic of the components of an exemplary
embodiment of the present invention;

Figures 2A — 2D are schematics of circuitry for controlling movement and
sensing obstructions of a motor driven panel such as a motor vehicle sunroof;

Figure 3A is a plan view depicting an optical sensing system for monitoring
an obstruction in the pinch zone of a moving panel such as a motor vehicle
sunroof; )

Figure 3B is a front elevation view of the Figure 3A optical sensing
system,

Figure 3C is a plan view depicting an optical system with moving optics for
monitoring an obstruction at the leading edge of a moving panel such as a motor
vehicle sunroof; _

Figure 3D is a front elevation view of the Figure 3C optical sensing
system; '

Figure 3E is a plan view depicting an optical sensing system with moving
optics, flexible optic fiber, remote IR emission, and remote IR detection for
monitoring an obstruction at the leading edge of a moving panel such as a motor
vehicle sunroof;

' Figure 4 represents typical startup energization characteristics of motor
current and per speed versus time;

Figure 5 represents a simplified example of characteristic steady state

nominal motor operation function versus time or position;

3
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Figure 6 represents a simplified example characteristic dynamic transient
motor operation function versus time and/or position showing motor operation
function with transients;

Figure 7 represents a simplified example characteristic dynamic periodic
cyclic motor operation function versus time and/or position showing motor
operation function with cyclic disturbances; and

Figure 8 is a sequence of measurements taken by a controller during
successive time intervals and operation of a monitored panel drive motor.

BEST MODE FOR PRACTICING THE INVENTION:

Figure 1 shows a functional block diagram of an actuator safety feedback
control system 1 for monitoring and controlling movement of a motor driven panel
such as a motor vehicle sunroof. A panel movement controller 2 includes a
commercially available multipurpose microcontroller IC (integrated circuit) with
internal and/or external FIFO memory and/or RAM (Random Access Memaory) 2a
and ADC (anaibg-to-digital-converter) 2b.

Eight-bit word bytes, eight-bit counters, and eight-bit analog-to-digital
conversions are used with the exemplary controller 2. It should be fully realized,
however, that alternative word lengths may be more appropriate for systems
requiring different parameter resolution. Larger word bytes with equivalent ADC
resolution enables greater resolution for motor current sensing. Likewise, larger
word bytes with higher microcontroller clock speeds enable greater resolution for
motor per speed sensing plus quicker digital signal processing and algorithm
processing for quicker response time.

A temperature sensor 3 (which according to the preferred embodiment of
the invention is an option) when installed, is driven by and sensed by the
controller 2. Temperature sensing allows the panel controller 2 to automatically
sense vehicle cabin temperature and open or close the sunroof to help maintain
a desired range of temperatures. Temperature compensation of actuator
obstacle detection thresholds is typically unnecessary.

An optional rain sensor 4 can be both driven by and sensed by the
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microcontroller 2. Automatic closing of the sunroof panel occurs when the
sensor is wet. Subsequently, the sunroof panel can be opened when either
falling rain has stopped for some time duration or when the rain has evaporated
to some extent.

Manual switch inputs 5 are the means by which operator control of the
system occurs, ' ‘

Limit switch inputs 6 indicate to the control system such physical inputs as
HOME position, VENT/NOT OPEN Quadrant Switch, and end of panel
movement. Limit switch signals indicate where microcontroller encoder pulse
counter registers are set or reset representative of specific panel position(s).

Motor drive outputs 7a and 7b control whether the motor drives the panel
in the forward or the reverse direction. When neither the forward nor the reverse
direction are driven, the motor drive terminals are electrically shorted together,

~ possibly via a circuit node such as COMMON, resulting in an electrical loading

and thus a dynamic braking effect.

Motor pvl'ugging drive, which is the application of reverse drive polarity
while a motor is still rotating, is an optional method of more quickly stopping the
motor, but has been dnnecessary for use with the preferred embodiment of the
sunroof panel controller due to satisfactory performance taught by this
disclosure. Very large motor plugging currents are often undesirable because
they can easily exceed typical maximum stalled rotor currents producing
undesired motor heating in large applications. Such high motor plugging currents
can be detrimental to the life and reliability of electromechanical relay contacts
and solid state switches used to switch motor operating currents. High motor
plugging currents can also cause undesirable transients, trip breakers, and blow
fuses in a power supply system.

Application of brakes and/or clutches is also unnecessary with the
automotive sunroof system due to the improved real time obstacle detection

performance taught by this disclosure.

Optical C Detecti
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Obstacle detection by actual physical contact and/or pinch force with
human subjects is somewhat unnerving to some individuals. For improved
system safety and user comfort, the preferred system utilizes non-contact
detection of obstacles in the path of the moving panel. Of various technologies
by which it is possible to sense an obstacle without physical contact, IR (infrared)
emission with transmission interruption mode detection is preferred. IR emitting
diodes and/or IR laser diodes are the two preferred IR emission sources. IR
photodiodes and/or IR phototransistors are the two preferred IR detection means.
Optical obstacle detection senses and enables stopping of the actuator
movement prior to significant applied pinch force and possibly prior to actual
physical contact with a subject. In unusual light conditions, explained below,
optical sensing means becomes temporarily ineffective, thus obstacle detection
via motor current sensing or current sensing and speed sensing means becomes
the remaining réliabte backup method of detecting an obstacle.

Of two preferred configurations utilized for implementing IR transmission
interruption mode of obstacle detection, the first is use of at least one emitter and
at least one detector sensing at least across the pinch zone in close proximity to
an end of travel region of a sunroof. As shown in Figures 3A and 3B, at least
one IR emitter 100 and at least one IR detector 102 are separated from each
other by a sunroof pinch zane 104. In an exemplary embodiment of the
invention, opto sensing of obstructions is across and in relatively close proximity
to a pinch zone near the end of travel region of a sunroof. The depictions in
Figures 3A and 3B do not show the entire region between emitter and detector
but it is appreciated that a gap G between emitter and detector is on the order of
the width of the moving sunroof. In this preferred embodiment, cabling 108
passes to the fegion of the detector 102 around the end of the sunroof liner in the
region of the end of the sunroof travel. The detector and emitter are fixed to the
sunroof liner and do not move. Implementation of this fixed configuration is
simplified by lack of moving components, although the sunroof may have to push
the obstacle into a sensing field between the emitter 100 and the detector 102.
Thus, although the sensing means is non-contact, the sunroof can still contact
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the obstacle.

Of two preferred configurations utilized for implementing IR transmission
interruption obstacle detection, the second is use of at least one emitter and at
least one detector sensing at least immediately ahead of the front moving edge
of the moving portion of a sunroof. As shown in Figures 3C and 3D, at least one
IR emitter 100 and at least one IR detector 102 are separated proximal a front
maving edge of a sunroof 103. In an exemplary embodiment of the invention,
opto-sensing of obstructions is across and in relatively close proximity to a front
edge 105 of the sunroof 103. The depictions in Figures 3C and 3D show the
entire region between emitter and detector for which a gap G, between emitter
and detector, is on the order of the width of the moving sunroof. In this preferred
embodiment, flexible flat circuitry 107 passes to the emitter 100 and the detector
102 of the moving panel or window to the region of the front moving edge.
Alternate means to supply electrical signal and/or power to the moving opto-
electronic components includes means such as electrical contact brushes
cooperating wiih conductive traces on the moving panel. Power and signal are
optionally both transmitted over the same conductors. Figure 3E shows an
alternative means to supply IR emission to receive IR detection from the front
edge of the moving panél via flexible moving optic fiber 303 means connected
with components 300, 302 that respectively emit IR and detect IR signals. IR
optical fibers are terminated at each end to optical components 304, 305 that
perform collimating, reflecting, and focusing requirements. The structure
depicted in Figures 3A — 3E make it possible to sense obstructions with no
physical obstacle contact regardless of the position of the moving sunroof.

Alternate, non-preferred means of obstacle detection include sensing back
reflection from a reflective surface of radiation emitted from an emitter, electric
field sensing of proximal material dielectric properties, and magnetic field sensing
of prdximal material inductive properties.

Various techniques improve the operation and reliability of non-contact
optical detection sensing. In accordance with an exemplary embodiment of the
present invention, the IR emitter 100 is driven with a duty cycle and frequency.

7
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One typical automobile sunroof application uses 20% duty cycle at 500 Hz IR
emitter drive synchronized with IR detector sensing. Pulsed drive allows the IR
emitter 100 to be driven harder during its on time at a low average power. This
harder drive yields improved signal-to-naise for IR sensing by the IR detector.
The IR detector circuit synchronously compares the IR signal detected during IR
i | emitter on times with IR emitter off times to determine ambient IR levels for drive
and signal compensation purposes. This allows the IR emitter to IR detector
optical coupling to be determined with a level of accuracy and reliability using
closed loop feedback techniques. |
Automatic gain feedback control techniques maintain the level of the IR
emitter drive and/or the gain of the IR detectar circuit so that optical coupling is

above minimum desirable values. Such automatic gain compensates, within
certain limitations, factors including decrease in IR emitter output over
accumulated time at temperature, IR emitter output temperature coefficient, dirt
and haze fouling optic components, and high ambient IR levels.

Highly éi‘rectional IR optical lenses and/or aligned polarized filters on both
the IR emitter and IR detector maintain better optical coupling and reduce the
effects of ambient IR and reflected IR from other directions. Location of the IR

detector in a physical recess further reduces the possibility of extraneous IR
[ “noise” from affecting the optical coupling.
i Despite various means to reduce the possibility of excess extraneous IR
'f from being detected, certain conditions occur that may allow very high levels of
I direct and/or reflected sunlight to be “seen” by the detector. Sun IR power levels
i can saturate the detector output signal level so that obstacle blockage of the
! pulsed IR emitter signals is not reliably sensed. Under such unusual “white out”
' circumstances, the IR optical system is disabled by the panel controller 2 until the
l sunroof actuator is nearly closed , at which position ambient IR noise is shielded
by the sunraof. Thus, the complete emitter-detector IR coupling is made more
! reliable for the last movement of pinch point closure. Complete body blockage of
‘ the IR coupling path between the emitter and detector is not a “white out”
‘ condition, although if the body is blocking both ambient IR and emitted IR signal

8
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at the detector, a "black out” condition is interpreted as an obstacle detection.

Although the IR obstacle detection means may be temporarily found to be
unreliable by high ambient levels of IR, the disclosed sensing of hard and/or soft
obstacles by motor current monitoring is always active as a redundant obstacle
detection means.

Detailed S fic

The controller schematic shown in Figures 2A - 2D implements collision
sensing in one form by activating a light emitting diode 100a which emits at
periodic intervals. In the event the infra red radiation is not sensed by a photo
transistor detector 102a , the controller 2 assumes an obstruction and
deactivates the sunroof motor M. There is also a redundant and more reliable
obstacle detection means for detecting obstacles based upon sensed motor
operation parameters.

The preferred controller 2 is an Atmel 8 Bit microprocessor having 8
Kilobytes of ROM and includes programming inputs 106 which can be coupled to
an external data source and used to reprogram the microprocessor controller 2.
User controlled inputs 5a, 5b are coupled to user activated switches which are
activated to control movement of the sunroof. The inputs are similar to now
issued Patent No. 5,952,801 to Boisvert et al, which describes the functionality of
those inputs. Limit switch outputs 5c, 5d, Se are also monitored by the controller
2 and used to control activation of the sunroof drive motor.

The schematic depicts a clock oscillator 110 for providing a clock signal of
8 MHZ for driving the microprocessor controller 2. To the upper left of the
oscillator is a decoupling capacitor circuit 112 for decoupling a VCC power signal
to the microprocessor.

The circuitry depicted in Figure 2B provides power signals in response to
input‘of a high signal at the ignition input 114. When the ignition input goes high,
this signal passes through a diode 116 to the base input 118 of a transistor 120
which turns on. When the transistor 120 turns on, a regulated output of 5 voits
(VCC) is provided by a voltage regulator 122 in the upper right hand corner of

9
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Figure 2B. A valtage input to the voltage regulator 122 is derived from two
battery inputs 124, 126 coupled through a filtering and reverse polarity protection
circuit 130. Immediately above the positive battery input 124 is a relay output
131 which provides a signal one diode drop less than battery voltage VBAT
which powers the relay coils 132, 134 (Figure 2D) for activating the motor.

The circuitry of Figures 2A — 2D includes a number of operational
amplifiers which require higher voltage than the five valt VCC logic circuitry
power signal. Atthe exfreme right hand side of the schematic of Figure 2B are
two tranéistors 136, 138 ane of which includes a base 140 coupled to an output
142 from the microprocessor controller 2. The second transistor has its collector
coupled to the battery and an output on the emitter designated V-SW. When the
microprocessor turns on the transistor 138, the V-SW output goes to battery
voltage. The V-SW output is connected to a voltage regulator (not shown) which
generates a DC signal that is supplied throughout the circuit for operation of the
various operational amplifiers.

The micfbprocessor controller 2 also has two motor control outputs 150,
152 which contral two switching transistors 154, 156 , which in turn energize two
relay coils 132, 134. The relay coils have contacts 162, 164 coupled across the
motor M for energizing the motor windings with a battery voltage VBAT. One or
the other of the transistors must be turned on in order to activate the motor.
When one of the two transistors is on, the motor M rotates to provide output
power at an output shaft for moving the sunroof or other panel along a path of
travel in one direction. To change the direction of the motor rotation, the first
transistor is turned off and the second activated. The motor used to drive the
sunroof panel back and forth along its path of travel in the exemplary
embodiment of the present invention is a DC motor.

Figure 2C depicts a circuit 180 for monitoring light emitting diode signals.
A Iigﬁt emitting diode 100a has an anode connection 181 coupled to the V-
switched signal and the cathode is coupled through a switching transistor 182 to
a microprocessor output 183. The microprocessor outputs a 500 hertz signal at
this output 183 having a 20% duty cycle to the base input of the transistor. When

10
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the transistor turns on, the LED cathode is pulled low, causing the light emitting
diode 100a to emit IR radiation. Under microprocessor control, the light emitting
diode produces a 500 hertz output which is sensed by a photo detector 102a. As
the light emitting diode pulses on and off at 500 hertz, the photo detector
responds to this input. When current flows in the photo detector, a voltage drop
is produced across a voltage divider 184 having an output coupled to an

 operational amplifier 186. When current flows in the photo detector in response

to receipt of a light signal the voltage divider raises the voltage at the inverting
input 188 to the amplifier 186. The non-inverting input to this amplifier is
maintained at 2.5 volts by a regulated voltage divider 188. The operational
amplifier 186 and a second operational amplifier 190 define two inverting
amplifiers which in combination produce an output signal of 500 hertz. With no
signal appearing at the photo detector, an output 192 from the operational
amplifier 190 is 2.5 volts. This signal is coupled to the microprocessor controller
2. In response to receipt of the photo detector signal, this signal oscillates and
this oscillating é'ignal in turn is sensed by the microprocessor.

The microprocessor controller 2 has two inputs 192, 194 that provide
input signals to a comparator implemented by the microprocessor controller. As
the state of the comparator changes, internal microprocessor interrupts are
generated which cause the microprocessor to execute certain functions. The first
input 192 is derived from the output from the phototransistor 102a. The second
input 194 to the comparator is a 3.3 volt signal generated by a voltage divider
195.

M : itori
A motor current monitoring circuit is depicted in Figure 2D and includes a
number of operational amplifiers 200 — 203 coupled to a current measuring
resistor 210 in the lower right hand portion of the circuit diagram. This current
measuring resistor is coupled to the operational amplifier 200 configured as a
differential amplifier through a second resistor 211. An output 212 from this
differential amplifier is a signal proportional to the current through the motor

1
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windings which has been amplified by a factor of about four. The output from this
amplifier passes to a second gain of 3 amplifier 201 to an output 214 coupled to
the microprocessor controller through a resistor 215.  This signal is monitored
by the microprocessor and converted by an A to D conversion to a digital value
directly related to motor current.

An input 220 to the second pair of operational amplifiers 202, 203 is either
an output from the first differential amplifier 200 or the second gain of 3 amplifier
201 depending upon whether a resistor 222 is installed in the circuit. One but not
both of the resistors 222, 223 are installed in the circuit.

The changing signal output from the resistor 210 is coupled to an inverting
input of an AC coupled amplifier and produces an output signal 226 to the
microprocessor controller 2 which changes with motor current and more
particularly as the commutator brushes pass over the motor armature
commutation segments , the signal changes to form a sequence of pulses. The
amplifier 203 is a level shifting amplifier which reduces the gain of the first
amplifier depending upon sensed conditions. When the mator first is activated a
large current rush occurs due to the fact that the motor is stalled. This large
current rush changes the output of the amplifier 203 thereby producing
meaningful data even in a high current situation. As the current changes, the
output of this top amplifier 203 varies to allow meaningful data to be supplied to
the microprocessor regardless of absolute values of motor current.

- The signal at the microprocessor is a analog signal having the ripple
component as the motor rotates. This signal is in turn interpreted by the
microprocessor controller 2 which generates values directly related to motor
speed based upon the sensing and counting of these pulses. Additionally, the
value changes in such a way that the slope can be monitored so that the
microprocessor can use digital signal processing techniques on the input signal
to defermine a stalled mator condition representing an obstacle.

At motor startup the large currents that are experienced make it difficult to
sense object collisions with the moving window or panel. In accordance with one
embodiment of the invention the controller maintains a position of the leading

12

BNA/Brose Exhibit 1037
IPR2014-00416
Page 17



. Doreen Arndt - 14-733C2.apl.doc ; . Page 13]

edge of the window or panel and during certain startups will alter a startup

seguence.

If the window or panel is stopped in a region where entrapment is more
likely, such as in the last portion of travel just before closing of the window or
panel, the motor is energized to move the window a short distance away from its
stopped position away from the closed position. A controller which controls the
motor then reverses motor rotation sense to move the window or panel in a
direction to close the window or panel. Stated another way, the contreller causes
the motor to move the panel or window in a direction to open the window or panel
and then change motar energization to close the window or panel. This process
avoids difficult to sense obstacle detection during the initial start up period of
motor operation.

The region of the window or panel seal is a region of increased motor
load. in this region, in accardance with one embodiment of the invention, in
response to a detection of an obstacle, the controller immediately causes motor
deenergization-,'fo!lowed by quick reversal of actuation drive for a short distance
(for example one inch). The controller then performs an immediate re-
energization in the initial direction so that a more sensitive and accurate obstacle
detection process can be performed. The controller can either determine that the
initial obstacle detection was false due to actuator startup conditions, and thus
continue to power the motor or else verify the obstacle presence that was
previously detected and cause the appropriate response of stopping or
alternatively stopping and reversing the window or panel for a short distance.
Measured Motor Parameters - DC Current Sensing

By monitoring the twa inputs 216, 226, the microprocessor controller 2
monitors the motor current from which the controller 2 determines both sunroof
incremental position and speed. Sensed motor current is always positive
regafdless of motor drive polarity and rotation direction. For either condition of
drive polarity the non-energized side of the motor is connected to COMMON
through the low value current sensing resistor 210 to produce a positive analog
signal voltage directly proportionate to the motor éurrent.
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This motor current signal is converted via hardware and/or software to a
filtered signal and scaled by a fixed or optionally variable reference voltage to
produce a value less than a determined maximum value where the following
definition applies: CUR = {sensed motor current analog-to-digital-converted and
scaled to engineering units}, where the analog value for motor current is
converted to eight-bit digital resolution via an eight-bit ADC (analog-to-digital
converter) within the microprocessor controller 2. Eight bit resolution in a
controller counter for CUR yields an absolute count range of 0 £ CUR < 255,
where a maximum analog reference voltage is provided to the ADC to set the
anticipated maximum possible motor current limit value represented by a
reference value 255.

A preferred means to increase sensed motor current resolution and thus
improve obstacle detection sensitivity is to adaptively adjust the reference
voltage (set = value of 255 representative of full scale) and/or the sensed motor
current signal during times of relatively low current operation, returning to the
highest scale dLlring starting energization, end-stall detection, and as necessary
for obstruction detection. For this éight-bit example, at least one bit of current
measurement resolution can be gained during low current operation by
decreasing the reference voltage by such means as a variable attenuation
network and/or by scaling up the motor current signal by such means as a
variable gain amplifier.

Analog motor current signal is lowpass filtered to remove noises from
motor current commutation and switching transients to produce a fast running
average analog drive current signal to the microcontroller representative of motor
torque load conditions. This voltage signal is converted to a scaled digital value
by the microprocessor. For example, normal steady operation of the motor at
low battery voltage causes the controller to register a digital value of
appréximateiy 80 of full scale 255, whereas startup energization at high battery
voltage will result in a peak digital value of approximately 240 of full scale 255.

r r Para rs -
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Typical DC brush motor current signals also have inherent waveform AC
ripples due to rotor current commutation‘.- These motor current pulses directly
relate to incremental rotation of the motor shaft and since gears and/or
mechanical drive linkages link the shaft to the moving window or panel, directly
relate to incremental change of position of the actuator. The relationship of
motor current commutation pulses to actuator incremental motion is not
necessarily a linear correspondence.

Motor current analog signal can be AC coupled, bandpass filtered,
amplified, and compared with a threshold to produce a digital signal via an input
representative of motor current commutation signals. Alternatively, motor current
commutation signals can be directly sensed from the motor current signal via
ADC and digital signal processing bandpass filtering having sufficient resolution
to accurately measure the relatively lower amplitude waveforms characteristic of
motor current commutation pulses.

Various alternative and more expensive incremental encoder, absolute
encoder, and Tresolver means can produce similar signals representative of
incremental or absolute motor rotor position.

A parameter monitored by the contraller, indicated by a variable, PP, has
generic units of time per fixed increment of motor rotation or time per distance
which is defined as: PP = {integer number of microcontroller clock cycles per
incremental motor encoder pulse period}, alternatively referred to as inverse
speed or per speed. Eight-bit resolution in an integer counter for PP yields an
absolute range of 0 < PP < 255.

An input from a resistor network provides a reference voltage (in the
disclosed design about 2.5 volts) to an operational amplifier configured as a
comparator. Each‘ time the motor current commutates a generated spike is
transmitted through a coupling capacitor to this comparator to “square up” the
outpi.;t waveform for input to the microprocessor controller. The microprocessor
counts the number of microcontroller clock pulses between adjacent motor
current commutation pulse signals as an indication of pulse period (PP), which is

inversely proportionate to motor speed.
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As an example, a relatively low count of 72 clock cycles per incremental
motor encoder pulse period is representative of typical steady operation at
| maximum motor power supply voltage under light loading conditions whereas the
i count of 240 clock cycles per encoder pulse period is representative of typical
! transient startup energization acceleration at minimum motor power supply
| voltage under heavy loading conditions.
.As an alternative to a presently preferred current sensing process, other
I means of determining motor speed are contemplated. Alternate speed sensing
technologies include monitoring changes in a magnetic field and converting such
| changes to a speed of movement. Non-contact sensors for such monitoring
i include:  Hall effect, magnetoresistive, magnetodiode, magnetotransistar,
Wiegand effect, and variable reluctance; capacitive; and optical sensors. Such
I encoders are contemplated in United States patent 5,334,876, Figure 5 which
depicts pulses produced by a mator shaft encoder that monitors position, speed
and direction of travel of a window or panel.
| In accordance with an alternative embodiment of the invention, reflective
and blocking sens'ing; generated inductive magnetic fields: ECKO (eddy current
killed oscillator), variable inductor, and variable transformer; and film resistor can
be used to monitor window or panel movement.

Posil

Motor current commutation pulses occur at generally regular intervals over
the travel path of the panel. One representative vehicle sunroof has
approximately 3000 commutation pulses over the full actuation range of the full
open to the full CLOSED positions of the sunroof.

Back extrapolation of decreasing pulse periods upon startup indicates the
typical loss of approximately one sensed pulse upon motor energization due to
the excessive time duration of the first pulse. This lost pulse is either added or

subtracted, depending upon direction of energization, to or from the actuator
position counter register to increase incremental position detection accuracy.
Weak and/or missing motor pole signals, due to a faulty coil andfor
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commutator segment, are detected via software algorithms that call automatic
compensation algorithms to maintain a corrected position counter register value.
Therefore, missed motor current commutation pulses ostensibly representative of
motor deceleration magnitude beyond empirically-determined limits are pulse
simulated for accurate representation of motor speed and actuator position.

Extraneous pulses representative of motor acceleration beyond
empirically-determined maximums are deleted from processing to maintain
accurate representation of motor speed and actuator position. Adapting
parameters for a DSP bandpass filter algorithm, based upon motor current and
speed, enable improved motor current commutation pulse-sensing signal-to-
noise ratios that result in improved accuracy for incremental position and speed
sensing and ultimately in improved obstacle detection accuracy and sensitivity.

Minor corrections are made to a position counter register based upon
empirical determinations of numbers of motor current commutation pulses
missed due to inertial motion after motor de-energization. This number of missed
pulses is basé'd upon the speed of the motor due primarily to the monitored
power supply voltage. To reduce errors in this inertial correction term, consistent
motor speeds and thus consistent number of missed pulses are achieved at
motor de-energization by energization of the motor for no less than a minimum
time duration in response to even a very brief actuation of the manual motor
energization switch. Furthermore, software debouncing of the manual switch
contact deglitches the switch outputs at the microcontroller inputs by requiring
the switch contacts be sensed for some minimum time to be considered as a
valid control input. Excepting abnormal circumstances such a power loss and/or
obstruction detection, activation of the manual motor energization switch for more
than the debounce time will result in motor energization for at least a minimum
amount of time, thus providing sufficient time to achieve a relatively consistent
speed and also a relatively consistent number of missed pulses afterde-
energization.
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By counting motor current commutation pulses as an incremental encoder,
the microcontroller maintains a representation of actuator position by upcounting
or downcounting a position count register based upon whether the motor is being
energized in a clockwise or counterclockwise direction. Limit switch inputs-and/or
end-of-travel stall current indications indicate where the microcontroller position
counter register is either SET or RESET.

This m.ethod of position sensing is significantly simpler and less costly

than alternate well-known methods of sensing position using specialized sensors
such as incremental encoders, absolute encoders, and resolvers. Improvements
provided by adaptive DSP bandpass filters increase the signal-to-noise and
performance accuracy of this sensorless electronic position encoding method
and means to- render it now technically viable for this implementation.

Alternate position-sensing technologies include permanent magnet fields:
Hall effect, magnetoresistive, magnetodiode, magnetotransistor, Wiegand effect,

and variable reluctance; capacitive; optical: Reflective and blocking; generated
i inductive magnetic fields: ECKO (eddy current killed oscillator), variable
' inductor, and variable transformer; and film resistor.

, (o] r - 0s

i Upon powerup, the calibration and/or learning of characteristic current
*I and/or speed versus position may not be necessary. In accordance with certain
i embodiments of the invention, the only required learning is the absolute position
| of the actuator from a position input so that an incremental position counter can
be either SET or RESET. This true position can be provided by such means as a
limit switch, a Hall-effect switch at a known actuator position, and/or by sensing
motor stall conditions at the ends of travel. Resetting the absolute position
counter is necessary with some embodiments that sense motor commutation
pulse-s for incremental position encoding. Alternatively, the use of a more
1 expensive absolute encoders having no such incremental position counter and
i requiring no such resetting is a berforrnancel versus cost engineering design
tradeoff decision. By measuring the position of the roof through the sensor on
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the motor, the full open and close positions can be determined without the need

~ of additional limit switches or sensors to determine end-of-travel. Also, the true

position can be determined by the end-of-travel by the current of the motor, or
the preferred method is to detect no position movements through the motor
position sensor and detect end-of-travel and therefore stall. The compensation
for the window sizes and travels can be pre-programmed via memory locations at
the factory or it can be programmed in a training of installation mode thus
eliminating the need for additional end-of-travel switches for home positions.

For certain cases the sunroof controller can be used with more than one
type of sunroof, therefore calibration is really a misnomer for what amounts to
determining which type of sunroof mechanism is being controlled by learning the
characteristic range of allowable motion of the cooperating mechanism, as well
as the actuator position. The calibration step need only be performed the first
time power is applied to the circuit, or if the physical characteristics of the sunroof
change. Until calibration is performed, a automatic operation express mode
movement feaiﬁre is inhibited.

Recalibration can be initiated at any time the user feels that the control
circuit is not performing as it should and must always be done if either the
controller 2 or the sunroof is changed. The size of the roof is recorded in the
EEPROM as well as an identification word flag to enable sunroof operation in the
express mode. The position of the sunroof is recorded in the EEPROM each
time the sunroof is stopped from moving. This is done to guarantee that in the
case of a power down situation, the current position of the sunroof is always
known. If at any time the position is considered to be unknown, the express
mode is disabled until the next time the sunroof is moved to the fully CLOSED or
home position. .

The calibration learning of the movement range and position of the
sunroof are learned and recorded as follows. The ignition is turned OFF and
within five seconds the OPEN switch is pressed and the ignition is switched ON.
The controller 2 attempts to find the HOME or PARK position then proceeds to
find the limit of the open area or the sunraof, i.e. the fully open position. When a
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| stall condition is sensed the size of the sunroof open area (by count of motor
i encoder pulses) is recorded and the controller reverses the direction toward the
] PARK position. The controller then finds the limit of the vent area by driving the

sunroof toward the full VENT position until a stall condition is sensed. A stall
[ condition is determined when analog-to-digital converted motor current is equal
| to or greater to 180 on the unitless current scale ranging from 0 to 255. If itis not A
possi'ble to perform the calibration due to a failure to find the park position, no
! information is recorded and the sunroof express mode (automatic operation) is
! disabled.
‘ ;

Soft Stop

High position sensing resolution and accuracy enable the actuation
I system to anticipate the mechanical limit and thus deenergize the motor drive
just prior to the actuator hitting its hard stop limit. This saves wear and tear on
the mechanism as well as aids in maintaining high motor commutation pulse
sensing accu-r'acy. Mechanical “windup" of actuator drive components is
significantly reduced by deenergizing and thus stopping the actuator before the

torque becomes unnecessarily excessive. Reduction of mechanical windup
i further improves the consistency of the motor current commutation pulse train of
a subsequent motor energization, thus enabling both improved capability of

obstacle detection at startup and quicker obstacle detection threshold adaptation.
Utilization of motor current commutation pulse sensing as an incremental
encoder is enhanced in both speed and position accuracy by reduction of pulse
sensing errors associated with windup relaxation and erratic motor pulse train

upon startup.

Soft stop also limits high values of end-of-travel motor current, thus
enabling improved current sensing resolution by use of a lower ADC motor
current reference value that is significantly closer to normal operating value than
to higher stall value. High position sensing accuracy enables improved position-
related determination of critical and fast-changing obstacle detection thresholds.

High position sensing accuracy also enables accurate anticipation of increased
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motor loading due to the elastomeric environmental seal near the closing of the
panel, thus obstacle detection thresholds are appropriately increased as a
function of position.

Motor current is sensed by preferred DSP techniques that provide lowpass
software filtering of the motor current signal to filter out electrical noises,
especially the undesirable frequency ranges characteristic of commutation
pulses, switching transients, pulse drive transients, and drive transients.

Motor current commutation pulses are sensed by preferred DSP
technigues that provide bandpass software filtering of the motor current signal to
highpass filter out the DC motor current signal and to lowpass filter out electrical
noises and especially the undesirable frequency ranges characteristic of pulse
width drive transients, when applicable.

Additionally, adaptive DSP algorithms modify the obstacle detection
thresholds in real time response to actual monitored motor operation parameters.
A static shift in motor current and/or speed will result in a related shift in obstacle
detection threshold. A transient dynamic motor current and/or speed will result in
a related shift in obstacle detection threshold. Sensed periodic cyclical dynamic
motor current and/or speed will result in a related periodic cyclical obstacle
detection threshold.

Advantages of DSP versus hardware implementation as described above
include smaller circuit size, fewer components, lower cost, lower mass, and
especially ability to adapt filter algorithms for pulse detection thresholds during
operation to improve performance characteristics.

B — Adaptiv t Detecti S
" With the sunroof _panel automatic powered actuator system, normal
vehicle inside-to-outside relative pressure differences and/or wind buffeting can
cause respective static, periodic dynamic, and/or transient dynamic variations in
the effective actuator motof loading and thus in the motor current that is
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compensated for by algorithms for adaptive obstacle detection thresholds.
Increasing vehicle wind speed and/or operation of forced vehicle ventilation can
produce static pressure differences that increase the load on the sunroof panel
motor during operation. Increasing vehicle wind speed and/or external conditions
can produce cyclical wind buffeting conditions that correspondingly cyclically
alters the motor loading. Amplitude and frequency of cyclical buffeting as fluid
vortices is a function of relative fluid velocity. In certain circumstances, there is a
relationship between cyclical wind buffeting and static differential air pressure.
Obstacle detection thresholds are actively modified with increasing vehicle air
speed and with increasing wind buffeting to reduce false obstacle detection. Itis
anticipated that information about the vehicle speed and/or direction can provide
value to the sunroof application by correlation with characteristic loading of the
vehicle sunroof and/or window operation.

Unique software algorithms enable characteristic determination of real
time actuator operation load categorized as startup transient, nominal, static
variable, periodic dynamic variable, transient dynamic, soft obstacle, and hard

" obstacle. Nominal load is the characteristic motor current and speed as

empirically pre-characterized for the actuator. Static variable represents a steady
factor of the nominal locad by which the ongoing nominal actuation is
correspondingly factored up or down. Transient dynamic load represents
temporary load magnitude excursion terms by which the ongoing nominal
actuation parameter is altered. Periodic dynamic is a cyclical load term by which
the ongoing nominal actuation is cyclically loaded with a regular period and
amplitude. 7

Figures 5 — 7 show simplified examples of how DSP is applied in real time
to alter and reduce abstacle detection function thresholds for increased obstacle
detection sensitivity tolerances. The inventive obstacle detection function
thresﬁold adaptively responds via superposition of individual responses to
various simultaneous types of load disturbance variables herein described.

Figure 5 shows an example of a simplified case of a typical obstacle
detection threshold based on template technology versus the adaptive obstacle
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detection function threshold of the present invention. The relatively large and
fixed obstacle detection threshold accommodates the three types of system load
variables described above. Adaptive obstacle detection achieves comparatively
lower threshold values with higher sensitivity than fixed threshold systems by
virtue of its ability to adapt to various types of system load variables.

Figure 6 shows an example of a simplified case of a DSP adapting the
obstacle detection function threshold in real time to accommodate dynamic load
shifts. Note that the adaptive threshold tracks the motor operation function with
intentional adaptive response delay time and slew rate. The degenerate case of
a static load shift is not shown, although somewhat similar to figure 6. A
comparatively lower threshold value and higher sensitivity is achieved by virtue of
the ability to adapt to various types of system load variables.

Figure 7 shows an example of a simplified case of inventive DSP adapting
the obstacle detection function threshold in real time to accommodate periodic
cyclic dynamic load variations. Initially, before periodicity is ascertained, the
adaptive respoﬁse delay time of figure 6 prevails. Upon a determination that the
disturbance is strictly periodic, as with a bad gear tooth, after perhaps three
cycles, the adaptive response delay time delay time is reduced to more
accurately track the known periodicity of the cyclic disturbance. A comparatively
lower threshold value and thus higher sensitivity is provided by the ability to
adapt to various types of system load variables. Note that after cyclical periodicity
of the disturbance is established, the normally lagging response of the adaptive
threshold obstacle detection function becomes predictive so.the periodicity of the
dynamic response of the adaptive threshold obstacle detection function becomes
in phase with the related dynamic disturbance of the motor operation function.
Thus, the adaptive threshold more closely tracks actual motor operation function.
The net result is obstacle detection with greater sensitivity to real obstacles with
reduced occurrences of false obstacle detection.

The engineered characteristic response time, slew rate, and frequency
response of the real time adaptive obstacle detection threshold algorithm must
respond in a manner significantly less than 180 degrees out of phase with
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anticipated cyclical load variables, yet not so fast as to interfere with either hard
and/or soft obstacle detection algorithms. These adaptive threshold response
constraints effectively limit how fast the real time adaptive obstacle detection
function threshold is allowed to change in response to changes in load variable

that are ascertained to be not caused by hard or soft obstacle interference. Itis

important to see that the real time adaptive obstacle detection function threshold
is equal or lower than the fixed obstacle detection threshold. Lower obstacle
detection function thresholds produce more sensitive obstacle detection, faster
obstacle deteclion, faster actuator deenergization, faster actuator stopping, and
lower peak obstacle force at final stopping position.

d ctuatio e
Circuitry disclosed in United States patent 5,334,876 uses a PWM (pulse
width modulated) activation of the motor windings of a direct current motor to
control and/or regulate tHe speed of motor output shaft rotation as the motor
opens or closes the window or panel. The present system preferably applies full

' battery voltége of a motor vehicle across the motor to drive actuator panel

motion. As the motor controller industry learns to meet obstacle detection anti-
pinch force regulations, it is fully anticipated that allowable forces might be
lowered, possibly resulting in the necessity to use motor drive speed-reducing
techniques to enable full regulatory compliance. '

Typical applications of drive power to a mator include full power supply
voltage, fixed duty cycle pulse drive, PWM (pulse width modulation) to regulate
average motor speed and/or acceleration, pulse repetition modulation to regulate
average motor speed and/or acceleration, linear drive of a fixed fraction of the full
power supply voltage, linear drive of a fixed voltage, controlied linear drive to

regulate average motor speed and/or acceleration, and phase angle- switching

control for AC motor applications.. Switching transients are reduced and
RFIVEMC is improved for any of the above switchmode methods of motor drive
by filtering the drive output and/or controlling the slew rate of turn on and/or turn

off of the motor drive power.
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Relays and power contactors are typically utilized for relatively slow power
control applications such as for switching on/off and for switching energization
between forward and reverse. Solid state switches are typically utilized for
relatively fast power control switching applications. Solid state linear drive
components typically require significant heat sinks to dissipate the waste heat,
although the relatively smooth output drive voltages are best for motor drive and
low RFI EMC issues. Furthermore, AC motor applications typically use triacs or
SCRs (silicon controlled rectifiers) for phase switching control of motor power.

ric Ob 2

To detect an obstruction when the sunroof panel is closing in its automatic
operation mode, in brief, the microprocessor measures the motor current and
speed for the ongoing actuation and compares against an empirically-determined
algorithm within the controller for motor current and speed versus position and/or
time. When calculations based upon sensed current, pulse period, derivatives
thereof, and aéiuator position cause a calculated threshold to be exceeded, an
obstruction is ascertained and the sunroof is brought back to its full OPEN or full
VENT position.

A trippoint calculation utilizes memory buffers to store motor operation
parameter information needed to make a determination about obstruction
detection. If the sunroof is calibrated and is subsequently placed in the
automatic close mode, the controller 2 uses the contents of these buffers to
determine the presence of an obstruction. Variations of numerical term and
factor values of the obstacle detection threshold algorithm of cited references,
commonly owned, are fully anticipated per empirical characterization of any
particular actuation system. Such term and factor values can be predetermined
and/or adaptive via DSP algorithms. It is impractical to even attempt to show all
appa;ent variations. '

Trip point algorithms are based upon empirically obtained measurements
from actuations over chosen ranges of operating conditions.

The pulse period relates to sunroof speed. ‘As the speed increases,
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factors that utilize pulse period (PP) cause obstruction indication more easily
than at low speed. Stated another way, the threshold is made to be close to the
operating current since there is a shorter time to react to the occurrence of an
obstruction.

Other terms relate to motor current. Another term avoids obstruction
sensing for a sharp current increase due to spurious and short lived currents that
might otherwise cause false obstruction detection. Nominal values for | (motor
current) are from 40 to 80. These do not correspond to units of amperes or
milliamperes, but are instead scaled engineering units based upon the motor and
circuitry used to sense the motor current.

ruction D ion

Figure 4 shows typical startup energization characteristics of current and
per speed for a motor. Startup obstacle detection is somewhat difficult because
the characteri_stic startup current for a motor typically begins with a quick
inductive rise toward a peak value primarily limited by the resistive impedance of
the motor coil and speed starts from zero. Startup current peaks typically
approach stalled rotor current of approximately four and one half to six times
normal operating current. Starting currents peak quickly, approaching a typical
maximum value of approximately 75% of stalled rotor condition, after which
motor current gradually reduces to a steady state operating condition primarily
due to increasing back EMF (electromotive force) generated by gradual
increasing rotation speed of the rotor. Higher reference values for current sense
scaling can be preferred for startup and stall conditions versus normal steady
operation.

Relatively fast clock speeds of microcontroller circuitry enable fast
detection of hard obstacles at startup by monitoring parameters of motor current
and motor PP. Algorithms based upon monitored parameter values of motor
voltage and motor current load, during a fixed startup time interval enable
predicted anticipation of motor speed. If the sensed speed at the end of the fixed
startup time interval is below a determined threshold, then an obstacle is
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determined. If the sensed current at the end of the fixed startup time interval is
above a determined threshold, then an obélac!e is determined.

Expressed in other terminology, after allowing some small initial amount of
time for the motor rotor to begin rotation, | is immediately measured and
compared against a fixed maximum threshold value and PP is immediately
measured and compared' against some maximum threshold number of clock
cycles. If either measured parameter variable exceeds its fixed threshold value,
then 'a hard obstacle detection is made and motor drive is immediately
discontinued, and the actuation is briefly reversed to release the obstruction.
The initial amount of time is that time during which a significant increase in motor
speed is expected to be measurable. A larger motor and a motor with greater
associated rotational inertia from the load will both typically require a longer

acceleration time.

Hard Obstacle Detection Summary

In brief, hard obstacle detection is generally based upon adaptive
algorithms that evaluate an immediate short history of motor current and speed
of the immediate actuation. Hard obstacle detection is via faél processing
algorithms of at least one FIFO memory containing sequential measurements of
motor electrical current and per speed. Running calculations based upon the
FIFO memory of measured values are stored in at least one FIFO memory. Hard
obstacle detection after startup is performed via two algorithms. One algorithm
method is based upon speed and rates of change of speed (also known as
acceleration and deceleration) and/or rates of change of acceleration or
deceleration (also known as jerk) to determine at least one value in excess of at
least one limit. Another algorithm method is based upon measurements of motor
current and derivatives thereof based upon time and/or position at times and/or
positfons determined at each motor commutation pulse and with further
calculations based thereupon to determine at least one value in excess of at
least one limit.

Hard obstacle threshold detection limits based upon motor current are
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also modified based upon the number of microcontroller pulses counted per
motor current commutation pulse period. The condition of exceeding either one
of these adaptive threshold limits is construed as hard obstacle detection.
Implementation of this method is by utilization of at least one FIFO memory for
storing such running measured values as PP and/or |, as previously defined.
Additional FIFO memory can be used to store additional running calculated
values based on PP and/or I. These running calculated values based upon time
and/or paosition are of types including first derivative, second derivative, higher

~order derivative(s), weighted running averages, algebraic expressions,

logarithms, statistical functions, and the like for computation of adaptive
thresholds based thereupon.

Fast real time digital processing routines are simplified algebraic equations
derived from piecewise linearization and/or other simplified algorithms for curve
fitting of empirical sunroof panel operational data. Depending on accuracy
requirements and relative algorithm processing speeds, higher order curve-fitting
routines are aniicipated. Hard obstacle detection occurs when either | and/or PP
exceed a running adaptive threshold value comprised of terms based upon fixed,
static, and/or dynamic values.

Soft Obstacle Detection Summary
In brief, soft obstacle detection is generally based upon adaptive
algorithms that evaluate an immediate history of motor current and speed of the
immediate actuation. The immediate history is much longer than that immediate
short history per hard obstacle detection algorithms. Soft obstacle detection is
also via fast processing algorithms of at least one FIFO memory containing
sequential measurements of motar electrical current and per speed. Running
calculations based upon the FIFO memory of measured values are stored in at

least one FIFO memdry. Soft obstacle detection after startup is performed via .

two algorithms. One algorithm method is based upon speed and rates of change
of spéed (deceleration) to determine at least one value in excess of at least one
limit. Another algorithm method is based upon measurements of motor current

o
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and derivatives thereof based upon time and/or position at times and/or positions
determined at each motor commutation pulse and with further calculations based
thereupon to determine at least one value in excess of at least one limit.

Implementation of this unique method is by utilization of at least one FIFO
memory for storing such running measured values as PP and/or |. Additional
FIFO memory can be used to store additional running calculated values based
on PP and/or I. These running calculated values based upon time and/or
position are of types including first derivative, second derivative, higher order
derivative(s), weighted running averages, algebraic expressions, logarithms,
statistical functions, and the like for computation of adaptive thresholds based
thereupon. Fast real time digital processing routines are simplified algebraic
equations derived from piecewise linearization and/or other simplified algorithms
for curve fitting of empiricél sunroof panel operational data. Dependirig on
accuracy requirements and relative algorithm processing speeds, higher order
curve-fitting routines are anticipated. Soft obstacle detection occurs when either
I and/or PP exceed a running adaptive threshold value corﬁprised of terms based
upon fixed, static, and/or dynamic values.

o] iai igna S8 echnique

Algorithm methods generally used for data analysis can include time
domain and/or frequency domain techniques. These data processing techniques
include, but are not restricted to, algebraic manipulation, logical comparison,
convolution, convolution integral, Fourier transforms, fast Fourier transforms,
discrete Fourier transforms, z-transforms, wavelet analysis, and the like. Digital
signal processing techniques and algorithms are used to monitor data from motor
operation parameters and/or derived data thereof in practical real time to
ascertain motor operation parameter changes characteristic of undesired

obstacle loading.

Sollision detection notati

Measured readings of hardware-filtered |, (motor current) and PP, (pulse
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! period) are triggered by and thus synchronized with motor current commutation
i pulse detections. Multiple FIFOs (first-in-first-out memories) are utilized to store
running measurements of |, and PP, as well as calculated values derived
therefrom. In a very general sense, both hard obstruction detection and soft
i obstruction detection algorithms are based upon weighted factors of the history
of running measurements and running calculations. Hard obstacle detection is

biased more toward a relatively recent-term history, whereaé soft obstacle

j detection is weighted more toward a relatively longer-term history.

( Generalized obstacle detection is considered as an abbreviated subset
from a very broad set of weighted factors based upon a running history of
measured motor operation parameters and data calculations based thereupon for '
the immediate actuation operation. Prior methods of obstacle detection !
implement the method of predetermining an operation parameter template based !
upon some number of running weighted averages of sequential prior actuations. :

The present method uses no such predetermined operation parameter template,

i but rather calculates both hard and soft obstacle detection thresholds during the

| immediate actuator operation based upon at least one software algorithm. :
Motor speed fractionally varies significantly more than does motor current

} with magnitude of motor supply voltage. Motor torque load correlates very well

| with motor current. Thus, motor current is the primary measured parameter of i

immediate importance for both hard and soft obstacle detection. Obstacle

detection is desensitized to electronic noise by implementing a running software

’ filter to calculate noise-reduced motor current for determination of obstacle

} detection. Obstacle detection is based upon measurements of motor current and

motor speed per the following notations.

| Processing equations, data, and variables utilize the following notations
| and definitions.

‘ Subscript n represents pulse number, n 2 0, where

. n = 0 = most recent motor current commutation pulse

| n = 1 = motor current commutation pulse just priorton =0 "
- n = 2 = motor current commutation pulse just priorton = 1. |

{ Subscript m represents the identifier for motor operation term weighting
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factors, mz 0, where
Km = empirically determined term-weighting factors, alternatively adaptive.

Measured motor operation parameters, FIFO registers, where
I = measured motor current at the n commutation pulse
PPn = counted number of clock cycles per pulse period between mator current
commutation pulses from pulse nto (n + 1).

Calculated motor operation values, FIFO registers, where -
lra = calculated running software-filtered value of prior sequential measured

motor currents in range zero
Ir1 = calculated running software-filtered value of prior sequential measured

. motar currents in range one

Iras = calculated running software-filtered value of prior sequential measured-

motor currents in ranges a — f (a through f) ...
{Min lras} = determined value of a minimum of motor current readings in prior

sequential ranges a-f

{Max l|ras} = determined value of a maximum of motor current readings in prior
sequential ranges a-f

PPro = calculated running software-filtered value of prior sequential counted PP
in range zero

PPa; = calculated running software-filtered value of prior sequential counted PP
in range one

PPras = calculated running software-filtered value of prior sequential counted PP

in ranges a-f

~Very recent motor operation parameter history is represented by at least
one data set range given numeric identifier. Range zero includes data sets
represented by the most recent sequential few motor current commutation
pulses, typically 4 to 8 pulses. Range one includes data sets represented by a
similar number of 4 to 8 motor current commutation pulses immediately prior to
range zero. Although ranges zero and one typically represent data sets for 4 to 8
motor current commutation pulses each, the quantity of represented data sets
can be as low as 1 and higher than 16, as determined by system operation
requirements and monitored dynamic system conditions. Furthermore, the
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quantity of represented pulses per data set can be interactively modified in
response to variations of measured motor operation parameters. The number of
data sets in ranges one and two are empirically determined somewhat by the
extent of software filtering necessary to adequately represent very recent history
of motor operation parameters.

The quantity of such numeric identifier data ranges can be as low as 1 and
higher than 8, depending upon actuator system dynamic response and fast
filtration algorithm requirements. Furthermore, the quantity of data sets can be
interactively modified in response to variations of measured motor operation
parameters. Fast filtration requirements are determined by the electrical noise
level, the number of motor current commutation pulses per motor revolution, the
numbers of gear teeth in drive mechanisms, mechanical vibrations, and the like.

Longer recent motor operation parameter history is represented by at least
one range given alphabetic identity. Range a, b, ¢, d, e, and f includes six data
sets each represented by a significantly larger data set range than numeric
identifier rangeé zero and one. Although six ranges are here described, this
quantity can be as low as one and higher than six, as determined by system
operation requirements and monitored dynamic system conditions. Typically,
each of the ranges a-f includes 8 to 24 data sets. Range a represents the most
recent sequential motor current commutation pulses. Range b represents the
similar-sized range immediately preceding range a. Likewise, up to range f. The
number of data sets in ranges a-f can be as low as one and significantly higher
than 24, depending upon slow filtration algorithm requirements. Furthermore, the
number of data sets in each of ranges a-f, as well as the quantity of ranges, can
be interactively modified in response to variations of measured motor operation
parameters. Fast filtration requirements are determined by the electrical noise
level, the number of motor current commutation pulses per motor revolution, the
numﬁers of gear teeth in drive mechanisms, mechanical vibrations, frequency of
periodic load disturbances, and the like.

Following examples will desén’bg the use of two numeric identifier data set
ranges zero and one, for very recent motor operation data, with each range
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representing data sets for six motor current commutation pulses. Following

examples will also describe the use of six alphabetic identifier data set ranges a-
f, for longer recent motor operation data, with each range representing data sets
for 15 motor current commutation pulses.

In a simple preferred case, calculated running software-filtered
algorithms determine even-weighted boxcar averages of sequential data from
defined FIFO ranges, as follows.

For defined range zero,

I n=x-1
lro = Aalg
| n=0
: and
! n=x-1
PPro = AsPP;.
n=0
In this simple preferred example case, set
I x =6 and A, = (1/x)
i to produce evenly weighted boxcar averages from data representing six
I sequential motor current commutation pulse measurements. And likewise, - i
: n=2x-1 !
; IRI = Anln
n=x
and
n=2x-1
| PPai = APPy
i n=x
| for range one.

i In similar manner, evenly weighted boxcar averages are calculated from
! data in defined alphabetic ranges, as follows.
By setting

y =15and A, = (1/y)
and applying into equations

n=y-1
ko= Ada

n=0

n=2y-1
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lao = Anlg
n=y

n=3y-1
lre = Aaln
n=2y

n=4y-1
'nc!*! Anln
n=3y

n=5y-1
Ire = Aala
n=4y

n=6y-1
lars Aaln

n =5y
and into equations

n=y-1
PPR-E AnPPn-_
n=0

n=2y-1
PPry= APPy
n=y

n=3y-1
PPrc= A.PP,
n=2y

n=4y-1
PPra = AdPPhq
n =3y

n=5y-1
PPre = AsPPy

n =4y

n=6y-1
PPri= AsPP,

n = 5y

These evenly weighted running software filtered averages are used to
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reveal calculated trends in larger recent motor operating parameter history.

For a system where algorithm processing must be very fast, the use of
range sizes that are integer powers of the number 2, e.g. 1, 2, 4, 8, 16, 32, elc.,
result in boxcar averaging weighting factors that are very quickly multiplied by
simply and quickly bit or nibble shifting the measured data.

In addition to running filtered shorter-term and longer-term averages of

. respective numeric range data and alphabetic range data it is necessary to

compute dynamic noise levels of measured parameters to compensate obstacle
detection thresholds for system noise. Increased relative noise levels
necessitate increased obstacle detection thresholds to avoid false obstacle
detection with subsequent stopping and reversal of the actuator. Such noise
levels are computed from minimums and maximums determined by the following
definitions.

{Minlga} = minimum value of motor current readings in range a
{Minlgo} = minimum value of motor current readings in range b
{Minlgc} = minimum value of motor current readings in range ¢
{Minlra} = minimum value of motor current readings in range d
{Minlgre} = minimum value of motor current readings in range e
{Minlg¢ = minimum value of motor current readings in range f
{Maxlrs} = maximum value of motor current readings in range a
{Maxlgp} = maximum value of mator current readings in range b
{Maxlg:} = maximum value of motor current readings in range ¢
{Maxlrs} = maximum value of motor current readings in range d
{Maxlre} = maximum value of motor current readings in range e
{Maxlr¢ = maximum value of motor current readings in range f

Maximums and minimums from multiple alphabetic ranges are per these
examples.
{Minlgs+} = minimum value of motor current readings in ranges b-f
{Maxlgys} = maximum value of motor current readings in ranges b-f

- Obstacle detection is based upon the history of minimum and maximum
motor operation parameter measurements. The difference between the
minimum and the maximum values gives an indication of the measured noise

levels.
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A very generic equation for obstacle detection includes above factors,

shown below. Note that the term including the factor Ire is incorporated into the

term on the left side and accommodated by suitable adjustment of remaining K,

‘factors.

HARD and/or SOFT OBSTRUCTION DETECTION:

If Iro = [Ki Ira] + [K2 Ire] + [K3 Ire] + [K4 [ra] + [Ks Ire] + [Ks Irq] + [K7 PPRra] + [Ks
PPro] + [Ks PPre] + [K1o PPra] + [Ki1 PPre] + [Ki2 PPrq + [Kia lr1] + [Ksa {Minlras}] +
[Kis {Maxlga}] + [Kis PPro] + [Ki7 PPri] + Ks

THEN AN OBSTACLE IS DETECTED

All of the above factors based upon [, PP, and calculated values thereof
are preferred to be simple evenly weighted running averages and/or simple
maximum and minimum comparisons that process relatively quickly. The large
quantity of algebraic and logical operations precludes complete processing fast
enough to quickly detect an obstruction and stop before pinch forces exceed safe
limits. _

Algorithrﬁ processing for hard and soft obstruction detection is divided into
two separate equations, weighting the various terms depending upon magnitude
of importance and processing time requirements. The following examples show
generélized and preferred algorithms for hard and soft obstruction detection. K,
factors are empirically determined to meet system dynamic pgrformance

mandates.

HARD OBSTRUCTION DETECTION:
IF lro 2 [Ki |r1] + [K2 PPg1] + K3
THEN AN OBSTACLE IS DETERMINED.

Hard obstruction detection is imperative to determine very quickly so this
implementation keeps processing requirements to a low level, yet enables fast
and reasonably preciée hard obstacle detection. Largé range average terms -
including current, pulse period, minirﬁum current, and maximum current are all
considered insignificant enough in the tradeoff against speed so they are
removed. Small range average mator current, lrg, is thus unitlessly compared
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with the sum of three terms Iz, PPri, and Ki. This essentially compares
immediate average current with immediately prior average current and
immediately prior average pulse period plus an offset constant. Thus, a quick
increase in sustained motor current tends toward hard obstruction determination.
High values of pulse period indicate that the motor is running slow with high
torque, so the difference between the actuator force and the maximum allowable
pinch force is also low. Thus, high values of pulse period also tend toward hard
obstruction determination.

SOFT OBSTRUCTION DETECTION:
IF lro 2 [Ks PPaod] + [Ks {Min lre}] + [Ks {Max lrs}] + Kz
THEN AN OBSTACLE IS DETERMINED.

Soft obstruction detection is not nearly as time sensitive, as is hard
obstruction detection, thus additional terms can be computed in the time allowed
before the slow increase in entrapment force exceeds maximum allowable
values. The Ia@e range average term for pulse period of ranges b-f provides a
relatively stable representation of pulse period that relates inversely with speed.
As speed is decreased, pulse period is increased. High values of PP indicate
that the motor is running slow with high torque, so the difference between the
actuator force and the maximum allowable pinch force is also low. Thus, high
values of pulse period also tend toward hard obstruction determination. The
large range minimum and maximum terms for motor current in ranges b-f are
lumped together into two terms to provide a practical combination of terms
representing both average current and current noise range. Dynamic loading
conditions produce dynamic currents that result in a wider range of maximum,
minimum, and maximum minus minimum current values. High values of current
noise necessitate higher soft obstruction detection threshold values to avoid
nuisance detection.

Depending upon the periodicity of motor loading conditions, it is possible
to not only adapt thresholds reactiﬁely, but also to predictively adapt thresholds in
anticipation of continued cyclic tdading conditions. Software algerithms that
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evaluate various alphabetic range sizes of the FIFO data set to quantify max and
min enable determination of alternating amplitudes characteristic of frequency
and/or frequencies for which motor operation parameter loading reveals cyclic
periodicity. Adaptiv;e predictive: compensation of soft obstacle detection enables
improved sensitivity for set detection thresholds with reduced affect by cyclic
dynamic loads such as wind buffeting or repetitive gear loading. The obstacle
detection threshold is cyclically modified in anticipation of the regular disturbance
detected. Such cyclic obstacle detection modification can occur simultaneously
with dynamic transient response of obstacle detection threshold levels, as
otherwise described.
lternative Incremental Encodin e

Sensorless electronic sensing of motor current commutation pulses is the
preferred low cost method of motor rotor movement disclosed herein in fair detail.
In certain circumstances, it may be preferable to use alternative absolute and/or
incremental position sensing by at least one hardware sensor means. Such
circumstances that might lead to the choice to implement position sensing via
hardware sensors include: 1)desire to sense a greater number of encoder pulses
per motor rotor revolution than produced by motor commutation segments to
enable faster obstacle detection per time and/or per rotation; 2)high electrical
noise environment that makes it difficult to maintain high accuracy of position
count from electronic sensing of encoder pulses; 3)actuator mechanisms that
potentially allow mechanical windup and/or jitter that mechanically feeds back to
the motor rotor allowing production of rotor electronic pulses rebresenting
ostensible actuator motion and/or motion in the incorrect sense; and 4)systems
for which it is desired to maintain strict position accuracy regardless of electrical
noise and mechanical disturbances.

One particular general alternative preferred embodiment for incremental
positibning sensing utilizes two senéing elements physically aligned to produce
phase quadrature signals from a relatively moving target. Two sensing elements
in phase quadrature orientation proyide information'about both speed and
direction. A typical example of this implementation is to attach a diametrically
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magnetized (two pole) magnet to the rotor of a motor with two symmetrical
bipolar latch Hall effect sensors held in 90 mechanical degrees and in proximity
to sense the magnet. By this setup, there are two transitions per Hall effect
sensor per pole pair, thus a total of four transitions per motor rotor revolution by

- which to trigger measurements of motor operation parameters as herein

described with motor current commutation pulse sensing. Alternatively, use of a
ring magnet having 10 pole pairs with similar symmetric bipolar latch Hall effect
sensors in phase quadrature will produce 40 transitions per motor rotor
revolution.

Various sensing properties utilized for incremental and/or absolute position
sensing including optical, magnetic field, electric field, potentiometric, and the
like. Magnetic fields are sensed by Hall effect, magnetoresistance, anisotropic
magnetoresistance, giant magnetoresistance, collosal magnetoresistance,
Wiegand effect, fluxgate magnetometry, magnetodiode, magnetotransistor,
superconducting quantum interference magnetometry, and more. Electric fields
are sensed by‘électrodes of fixed and/or variable geometry with sensitive
electronic circuitry. Optical fields are sensed by photodiode, phototransistor,
photoresistor, and thermocouplie (for slowly changing fields converted to heat).
Electromagnetic fields are sensed by electrodes as coupled antennas with tuned
electronic circuitry.

Battery and Motor Protection

Battery voltage is monitored to determine when the power supply drops
below some minimum value so the motor drive can be discontinued. This
protects against battery rundown in the situation where a low voltage battery
power supply is insufficient to drive the motor and/or sustained electrical load
might pose a risk of draining the battery. A timeout timer to limit motor drive time
is an‘ additional preferred means by which similar protection is affected. Motor
protection is optionally provided by such means as a current limiting diode, a
positive temperature coefficient resistor, and/or a thermal cutout switch.
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Ice Breaking

An alternative functional capability is an ice-breaking mode whereby full

| motor force is allowed for more than the minimum amount of time and/or distance
to enable a window and/or sunroof panel to break loose from ice. This feature
will be appreciated by many in cold climates who find their car windows and/or
sunroofs stuck in position due to ice. For visibility and/or escape safety, this
! option is fully anticipated as a preferred functional feature. For this optional
| mode of operation, the controller remembers the starting position for safety

reference and will not allow significant deviation therefrom if hard obstacle
L detection conditions are sustained. Under manual switched input control, the
controller allows for alternating direction application of full motor force for some
predetermined maximum distance and/or time, for example three millimeters
and/or three seconds alternately in either direction before enabling hard obstacle
detection capability. The characteristic current peak and then drop usually occurs
over approximately 10 motor current commutation pulses, which corresponds to
approximately 3 mm. IF startup current deviates significantly above normal AND
J IF the number of motor current commutation pulses deviates significantly below
10 during the usual amount of time for a typical startup characteristic, THEN the
stall timeout timer can be increased up to perhaps 5 seconds to break ice by a
simple algorithm based upon the two deviations. Thereafter, if normal actuator

motion does not commence by breaking loose from the ice, the actuator can then
' 'be retracted to remove hard obstacle preload and the ice breaking cycle
repeated. 3 mm is typically sufficient to break ice and also corresponds with the
startup hard obstacle detection distance under conditions of obstacle preload. If
the motor current remains high and the number of pulses is normal at the
characteristic startup time, then a hard obstacle is determined. For safety
considerations, this feature might be enabled only when the sensed ambient
tempéralure is sufﬁcie'ntly cool to allow for the existence of ice conditions. Soft
frozen ice might actually take a longer amount of time and/or distance to break

free than hard frozen ice, there necessitating adjustment of the maximum set
times and/or distances based on sensed temperature. An alternate method of
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breaking ice can be enabled with a switch press sequence. For example, two
taps and hold, then the unit can go into manual mode which disables obstructicn
detection.

Timed Power Latch

An optional feature included in the preferred embodiment is for the
controller to self latch power for an amount of time after the vehicle ignition is
switched off, for example 15 seconds, to allow the vehicle operator to close the
sunroof and/or windows. Likewise, another vehicle security alternative is to allow
the operator to select the option for the vehicle sunroof and/or windows to
automatically close when the ignition is switched OFF. This feature can work in
conjunction with an alternative feature whereby the vehicle cabin temperature is
sensed for the automatic function of opening the sunroof and/or the windows to
the VENT position when the sensed vehicle cabin temperature exceeds some
maximum set temperature. Similarly, a sunroof and/or window' can automatically
close to the fuﬁy closed position when the sensed vehicle cabin temperature is
below some set temperature. A reasaonable hysteresis between the vent set
temperature and the cool close temperature will reduce unnecessary cycling
between VENT and CLOSED positions.

Vehicle C eation Sist

Communication motor vehicle computer via the vehicle communication
bus problem is optional based upon interface system capability and application
requirements. Examples of vehicle communication buses include SAE (Saociety
of Automotive Engineers) J1850, CAN (Controller Area Network), and numerous
others developed by various automotive manufacturers. Such communication
means can communicate actuator system fault conditions including faulty motor

coil or commutator segment, low actuation speed, excessive motor current, drive

mechanism range limitation, component failures, system failures, and the like.
This vehicle speéd. information might be obtained by vehicle bus
multiplexing (MUX) communication and/or demultiplexing (DEMUX)
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communication from such sources as speedometer, transmission, and transfer
case as is used by other sources such as cruise control system, anti-skid braking
system, and traction control system. Similarly, information from the vehicle
environmental control systems might provide information such as fan speeds and
ventilation settings that can be of value to anticipate an amount of static and
transient loading on the sunroof and windows. Utilization of a relatively fast
responding pressure sensor enables empirically-correlative  predictive
modification of obstacle detection thresholds to overcome variable changes of
actuator load due to static, periodic dynamic, and transient dynamic vehicle cabin
atmaspheric pressures. An optional anticipated feature is for the vehicle sunroof
position to be automatically moved to a position to reduce sensed cabin wind
buffeting and/or noise.

Actuati r E ion a i
Nominal operation parameters for obstacle detection threshold are
empirically characterized as motor current loading versus actuator position.
Alternative empirical characterizations include motor current versus time, motor
speed versus time, motor speed versus position, and combinations thereof as

per prior art references. In the present embodiment, this algebraic

representation has a general simplified algebraic form for fast computation via
DSP processing, particularly implementing adding and/or bit shifting and/or byte
shifting operations. These types of empirical data manipulations for conversion
to fast computing real time microcontrolier algorithms have been found to be
applicable to various diverse combinations of vehicles and sunroofs.

To accommodate each vehicle's fixed aerodynamic profile, it is typically
necessary to empirically determine and characterize each type of vehicle with
each type of sunroof for each direction of opening and/or closing over a wide
rangé of vehicle speed and temperalure conditions to determine all appropriate
adaptive obstacle detection threshold calculation algorithms.

The present invention prbvides a system wherein empirical data
representing a range of operation'al conditions énd empirically determined
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functional terms and factors for an automatic pOWered actuator can be converted
by simplified piecewise line and/or curve fitting means to algorithmic equations
with coefficients that support fast real time processing such that adaptive sensing
thresholds are enabled resulting in improved sensitivity, improved accuracy, and
improved time response to obstruction conditions. Based upon the complexity of
the actuation system, sensitivity requirements, and time response requirements,
additional refinements as threshold error reducing terms can be characterized for
inclusion into the sensing threshold equation using similar methods.

Utilization of simplified equations in the processing algorithms allows for

fast performance in real time without relying upon previous methods such as
using fixed characteristic signature templates and/or slowing down actuator
moetor drive speed.

When used to operate a power sunroof the control circuit can open the
sunroof, close the sunroof, and tilt open the sunroof to a vent position. The
preferred embodiment of the invention automatically controls a power sunroof but
similar actuation of other automatic powered panels or windows is anticipated
using the disclosed control circuit and obstruction detection methods.

Load sensing threshold determinations via similar methods to this
teaching are anticipated for alternative application functions including those
without human involvement and for applications without potential for equipment
damage. It is fully anticipated and expected that systems and methods can well
be similarly utilized to control practically any system variable by monitoring at
least one operational parameter such that the controlled variable is not required
to be safety related. This method and system, based on empirical
determinations of operating parameters, running measurements of operating
parar;leters, FIFO memories for storing measured and/or calculated values, fast
computation algorithms, and subjective determination of load threshold
parameter values can generally be applied to systems and devices where such
variable thresholds are chosen for functional means other than for purposes of
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human safety or equipment protection. The large scope includes systems having
more than one such controlled variable.

Aeronautical systems have applicability of the inventive disclosure. An
example is the detection of the onset of stall conditions by the change in force
and/or ‘a cyclical varying lift produced by an airfoil as it is increasingly
approaching a stall condition. Such impending stall condition is the sensed input,
instead of obstacle detection, that precedes the control response to outputs
including engine power, flap actuation, elevator actuation, aileron actuation,
rudder actuation, ice boot actuation, and the like. Analogously, hydraulic. liquid
flow control systems for ships and submarines are anticipated.

Hydraulic, pneumatic, and mechanical systems are similarly anticipated by
computations based upon time, position, and/or other derivatives of monitored
parameters including: position, pressure, volume, flow, force, torque and the like.
Utilization of analogous algorithms and adaptive methods and systems enables

obstacle detection, and/or arbitrary functional limit detections

Broad E S t iv

While the present invention has been described with a degree of
particularity, it is the full intent that the invention include modifications and
altercations from the disclosed and anticipated designs falling within the spirit

and/or scope of the appended claims.
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Claims

1. Apparatus for controlling motion of a motor driven element in a vehicle over a
range of motion and for altering said motion when undesirable resistance to said
motion is encountered, said apparatus comprising:

a) a sensor for measuring a parameter of a motor coupled to the motor
driven element that varies in response to a resistance to motion during all or part
of a range of mation of the motor driven element;

b) a memory for ston‘ng a number of measurement values from the
sensor based on measurements of said parameter over at least a portion of said
range of motion;

c) a controller coupled to the memory for determining to de-activate the
motor based on the measurement values stored in the memory as the motor
driven element moves over its range of motion; and

d) a controller interface coupled to the motor for altering motion of said

motor driven element in response to a determination made by the controller.

2. A method for controlling motion of a motor driven element in a vehicle over a
range of motion and for altering said motion when undesirable resistance to said
motion is encountered, said method comprising:

a) measuring a parameter of a motor coupled to the motor driven element
that varies in response to a resistance to motion during all or part of a range of
motion of the motor driven element by taking a multiplicity of measurements as
the motor moves the motor driven element over its range of motion;

b) storing 2 number of measurement values based on measurements of
said parameter over at least a portion of said range of motion;

- ¢) determining that the parameter is outside a parameter range based on
previous stored measurement values as the motor driven element moves over its
range of motion; and _

d) altering motion of said motor driven element in response to a
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determination that the parameter is outside the parameter range.

3. The method of claim 2 wherein the motor driven element is a window or panel
and additionally comprising reverse actuating the window or panel prior to
moving said window or panel in a direction to close the window or panel.

4. The method of claim 3 additionally comprising maintaining a position of the
window or panel based on the sensed parameter and the reverse actuation is
initiated if a leading edge of the window or panel is near a closed pasition.

5. The method of claim 4 movement is first initiated toward a closed position
when a leading edge of the window or panel is near the closed position and
wherein the reverse actuation is performed upon a sensing of an obstacle that is
based on determining the parameter is outside the parameter range.

6. Apparatus for controlling activation of a motor coupled to a motor vehicle
window or panel for moving said window or panel along a travel path and de-
activating the motor if an obstacle is encountered by the window or panel, said
apparalus comprising:
a) a sensor for sensing movement of the window or panel and providing a
sensor outpuf signal related to a speed of movement of the window or panel;
b) a switch for controllably actuating the motor by providing an
energization signal; and
c) a controller héving an interface coupled to the sensor and the switch for
controllably energizing the motor; said controller sensing a collision with an
obstruction when power is applied to the controller by:
) i) monitoring movement of the window or panel by monitoring a
signal from the sensof related to the movement of the window or panel;
ii) identifying a collision of the window or panel with an obstacle due
to a change in the signal from the sensor that is related to a change in movement
of the window or panel; and
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iii) outputting a control signal to said switch to deactivate said motor
in response to a sensing of a collision between an obstacle and said window or

panel.

7. The apparatus of claim 6 wherein the controller comprises a programmable
controller including a processing unit for executing a control program and
including a memory for storing muitiple window or panel speed values
corresponding to a signal received from the sensor.

8. The apparatus of claim 6 additionally comprising one or more limit switches
for use by the controller to determine window or panel position for use in

identifying a collision.

8. The apparatus of claim 6 wherein the control program adjusts an obstacle
detection threshold in real time based on immediate past measures of the signal
sensed by the sensor to adapt to varying conditions encountered during
operation of the window or panel.

10. The apparatus of claim 6 wherein the controller maintains a position .of a
leading edge of the window or panel and further wherein the controller reverse
energizes the motor to move the window or panel away from a closure position
prior to activating the motor to close the window or panel.

11. The apparatus of claim 10 wherein the controller reverse energizes the
motor in response to a sensing of an cbstacle and the reverse energizing and
attempt to move the window or panel to a closed position is performed to confirm
sensing of the obstacle. '

12. Apparatus for contrailing activation of a motor for moving an object along a
travel path and de-activating the motor if an obstacle is encountered by the
object comprising: ' ‘

a) a movement sensor for monitoring movement of the object as the
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motor moves said object along a travel' path;

b) a switch for controlling energization of the motor with an energization
signal; and

c) a controller including an interface coupled to the switch means for
controllably energizing the motor and said interface additionally coupling the
controller to the movement sensor for monitoring signals from said movement
sensor; said controller comprising a stored program that:

i) determines motor speed from an output signal from the movement
sensor;

ii) calculates an obstacle detect threshold based on motor speed of
movement detected during at least one prior period of motor operation;

iii) compares a value based on currently sensed motor movement with the
obstacle detect threshold; and

iv) outputs a signal from the interface to said switch for stopping the motor
if the comparison based on currently sensed motor movement indicates the
object has contacted an abstacle.

13 The apparatus of claim 12 wherein the controller includes a buffer memory
for storing successive values of motar movement for use in determining the
obstacle detect threshold.

14. The apparatus of claim 12 wherein the contraller includes a clock and an
input from the movement sensor is in a form of a sequence of pulses and further
wherein the controller counts clock signals occurrences between receipt of
pulses to provide an indication of motor speed.

15. The apparatus of claim 12 wherein the controller includes an interface for
monifon‘ng user actuation of contral inputs for controlling movement of the
window or panel and wherein the controller maintains a motor energization
sequence a specified minimum timé period in response to a short period user
actuation of said control inputs to maintain position accuracy in monitoring
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window or panel movement.

] 16. The apparatus of claim 12 wherein the controller includes an interface for
monitoring user actuation of control inputs for controlling movement of the object
and wherein in response to a specified input the controller conducts a calibration
motor energization sequence to determine parameters of object.

17. The apparatus of claim 12 wherein the motor is coupled to a motor vehicle
window or panel and wherein the controller includes an interface for monitoring
user actuation of control inputs for controlling movement of the window or panel
and wherein the controller maintains a position indication which is updated in
response movement of the window or panel and further wherein the controller
reverse actuations the motor near an end point in an object path of travel to
avoid false obstacle detection in the region of closure of the window or panel. -

18. The apparatus of claim 12 wherein the sensor is a current sensor and
wherein the controller includes means for adjusting the obstacle threshold based
on dynamic motor current as sensed from the current sensor to take into account
' varying loads experienced by the motor.

19. Apparatus for controlling activation of a motor for moving a window or panel
along a travel path and de-activating the motor if an obstacle is encountered by
the window or panel comprising:
a) a sensor for sensing movement of a window or panel along a travel
path;
b) a switch for controlling energization of the motor with an energization
signal; and
. ¢) a controller coupled to the switch for controllably energizing the motor
and having an interface coupling the controller to the sensor and to the switch;
said controller comprising decision making logic for:
i) monitoring a signal from the sensor;
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ii) calculating an obstacle detect threshold based on the signal that
is detected during at least one prior period of motor operation, or a
predetermined threshold; _

iii) comparing a value based on a currently sensed motor parameter
with the obstacle detect threshold; and

iv) stopping movement of the window or panel by controlling an

output to said switch that controls motor energization if the comparison based on
a currently sensed motor parameter indicates the window or panel has contacted

an obstacle.

20. Apparatus for controlling activation of a motor for moving a window or panel
along a travel path and de-activating the motor if an obstacle is encountered by
the window or panel comprising:

a) a sensor for generating signals repreéentative of the window or panel
speed as the motor moves the window or panel along a travel path;

b) an obstacle detection controller for monitering at least a part of the
travel path of the window or panel for sensing and generating an obstacle detect
signal indicating the presence in said travel path of an obstacle to movement of
the window or panel; -

c) a switch coupled to said controller for controlling energization of the
motor with an energization signal; and

. d) said controller including means for proéessing motor speed and
obstacle detection signals and controlling operation of the motor in response to

said speed or obstacle detection signals; said controller including:
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i) a storage for storing a number of speed signals that vary with motor
speed,;

ii) a processor for calculating an obstacle detect threshold based on one
or more speed signals stored in said storage;

iii) a logic unit for making a comparison between a value representing
window or panel speed based on currently sensed motor speed with a éalculated
predetermined obstacle detect threshold, and generating a control output based
on said comparison; and

iv) an interface coupled to said switch for changing the state of the switch
to stop the motor.

21. The apparatus of claim 20 wherein the sensor for generating a speed signal

comprises a Hall-effect sensor.

22. The apparatus of claim 20 wherein the sensor for generating a speed signal

comprises a magnetic pick-up.

23. The apparatus of claim 20 additionally comprising an obstacle detector
having an output coupled to the controller that senses a disruption in a region

through which the window or panel moves.

24. The apparatus of claim 23 wherein the obstacle detector comprises a

microwave generator and a reflected wave transducer.
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] 25. The apparatus of claim 23 wherein the obstacle detector comprises an

infrared light source and detector.

27 The apparatus of claim 23 wherein the obstacle detector comprises a field

effect device.

28. The apparatus of claim 27 wherein the field effect device comprises a

magnetic field inductive sensor.
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ABSTRACT:

Disclosed is an improved system and method for sensing both hard and
soft obstructions for a movable panel such as a sunroof. A dual detection
scheme is employing that includes an optical sensing as the primary means and
electronic sensing of motor current as a secondary means. The secondary
means utilizes system empirical precharacterization, fast processing algorithms,
motor parameter monitoring including both current sensing and sensorless
electronic motor current commutation pulse sensing, and controller memory, to
adaptively modify electronic obstacle detection thresholds in real time without the
use of templates and cycle averaging techniques.
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DECLARATION and POWER OF ATTORNEY
' (JOINT)

l We, Mario Boisvert and Randall Perrin hereby declare that:

_l Our residence and post office addresses are, respectively:

43 OId US 131, Reed City, MI 49677 and
§67 Cabb Street, Cadillac, M 49601 .

We are, respectively, citizens of: Canada and the United States of America.

We believe we are the original, first and joint inventors of the subject matter which is
claimed and for which a patent is sought on the invention entitled COLLISION
MONITORING SYSTEM , the specification of which:

1) _XX_ is attached hereto.

2) was filed on as Serial No. 0/ and was amended
on_______(if applicable).
0 3) ____was described and claimed in PCT International Application No.

i filed on and amended under PCT Article 19 on

We hereby state that we have reviewed and understand the contents of the above identified
specification, including the claims, as amended by any amendment referred to above.

We acknowledge our duty to disclose to the Office information of which we are aware which
is material to patentability. Such information is material to patentability when it is not
cumulative to information already of record in the application, and (1) it establishes, by itself
or in combination with other information, a prima facie case of unpatentability of a claim; or
(2) it refutes, or is inconsistent with, a position the applicant takes in: (i) opposing an
argument of unpatentability relied on by the Office, or (ii) asserting an argument of
patentability as defined in Title 37, Code of Federal Regulations, §1.56.

We hereby claim foreign priority benefits under Title 35, United States Code, §119 of any
foreign application for patent or inventor's certificate listed below and have also identified
below any corresponding foreign application for patent or inventor's certificate having a
filing date before that of the application on which priority is claimed:

—— . Mo Claimad
(Number) - (Country) " (DayMont/Year Filed) (Yes) (No)
(Number) - (Country) ~ (DayMontYear Filed) (Yes) (No)

We hereby claim the benefit under Title 35, United States Code, §120 of any United States
application(s) listed below and, insofar as the subject matter of each of the claims of this -
application is not disclosed in the prior United States application in the manner provided by
the first paragraph of Title 35, United States Code, §112, We acknowledge the duty, as stated
above, to disclose material information, as defined in Title 37, Code of Federal Regulations,
§1.56, relating to events which occurred between the filing date of the prior application and
the national or PCT international filing date of this application:

09/562.986 May 12000 i
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(Application Serial No.) (Filing Date) (Starus-patented, pending, abandoned)

08/736,786 Qctober 25, 1996 Patented (LS. 6,064,165)
{Application Serial No.) (Filing Date) {Staus-patented, pending, abandoned)
: 08/275.107 - luly 14,1994 Abandoned
{Application Serial No.) (Filing Dare) (Staws-patented, pending, abandoned)

Q1/872.190 .
{Application Serial No.) (Filing Date) (Status-patented, pending, abandoned)

I hereby claim the benefit under Title 35, United States Code, §119(e) of any United States

ot provisional application(s) listed below.

60/169,061 December 6, 1999
(Application Number) (Filing Date)

We hereby designate as our mailing address the office of:

WATTS, HOFFMANN, FISHER & HEINKE CQO., L.P.A.
P.O. Box 99839
Cleveland, Ohio 44199-0839

And we hereby appoint each of the following attomneys, all of whom are associated with
Watts, Hoffmann, Fisher & Heinke Co., L.P.A. (Telephone No. 216/241-6700), as attorney
of record to prosecute this application and to transact all business in the Patent Office
connected therewith: Thomas E. Fisher, Reg. No. 18,271; Lowell L. Heinke, Reg. No.
19,471; James G. Watterson, Reg. No. 20,180; Linn J. Raney, Reg. No. 23,078;

1 John R. Hlavka, Reg. No. 29,076; Stephen J. Schultz, Reg. No. 29,108; Richard A. Sharpe,
Reg. No. 34,722; George L. Pinchak, Reg. No. 37,697; Paul A. Serbinowski, Reg. No.
UGre 34,429; Peter R. Hagerty, Reg. No. 42,618 and Robert J. Diaz, Reg. No. 44,655.

And we hereby appoint the foregoing Stephen I. Schultz, Reg, No. 29.108, principal attorney.

This appointment shall include all power to prosecute and transact all business relating to all
applications corresponding to the referenced application in all countries, including all
regional and international patent offices, such as, but not limited to, the European Patent
Office and all offices and bureaus established in accordance with the Patent Cooperation
"Treaty. :

We hereby further designate and appoint any officer of Watts, Hoffmann, Fisher & Heinke
Co., L.P.A. our attorney in fact with full power of substitution and revocation, including
power to designate a substitute principal attomey.

We hereby declare that all statements made herein of our own knowledge are true and that all
statements made on information and belief are believed to be true; and further that these
statements were made with the knowledge that willful false statements and the like so made
are punishable by fine or imprisonment, or both, under §1001 of Title 18 of the United States
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Code and that such willful false statements may jeopardize the validity of this application or
any patent issued thereon.

Full name of Inventor: Marjo Boisvert

P
Inventor's signature: /Zéw ) ‘@Mﬂtﬂ: 2 /‘?A’Z.

Residence: ;
Citizenship: Canada
Post Office Address:

Full name of Inventor: Randall Perrin

Inventor's signature: Date:

47‘(‘4/[ 444-: 3/nfo 2
Residence: 667 Cobb Street, Cadillac, M1 49601
Citizenship: i i

Post Office Address: 667 Cobb Street, Cadillac, MI 49601
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