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COLLISION MONITORING SYSTEM 

CROSS REFERENCE TO RELATED APPLICATIONS: 
-

The present application is a continuation-in-part of application 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 07/872,190 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 incorporated herein by reference. 

EIELQ 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 

locat~d 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 pow~r operated window and it~ window frame. 

Standard 118 states that maximum allowable obstacle interference force during 
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an automatic closure is less than 1 00 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 result 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 

controls, 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 

counting 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 improv.ed 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 embodiment 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 QESCRIPTIONS OF THE DRAWINGS: 

Figure 1 is a block diagram schematic of the components of an exemplary 

embodiment of the present invention; 

Figures 2A - 20 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 38 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 30 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; 
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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 measur.ements 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 ayailable multipurpose microcontroller IC {integrated circuit) with 

internal and/or external FIFO memory and/or RAM (Random Access Memory) 2a 

and ADC (analog-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 AD9 

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 ~pically unnecessary. 

An optional rain sensor 4 can be both driven by and sensed by the 

4 
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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 ~ircuit nooe such as COMMON, resulting in an electrical loading 

and thus a dynamic braking effect. 

Motor plugging 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 unnecessary 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 Obstacle Detection 

5 

Page sl 



··-------------
Doreen Arndt- 14-733C2.apl.doc 

------------------ . · -----------------Pa~g~e-6~ 

Obstacle qetection 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 phqtotransistors 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 reliable 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 Ol')e 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 36, at least 

one IR emitter 100 and at least one IR detector 1 02 are separated from each 

other by a sunroof pinch zone 104. In an exemplary embodiment of the 

invention, opto sensing of obstructions is across and in relatively close proximity 

to a pinch zone Jle·ar the end of travel region of a sunroof. The depictions in 

Figures 3A ·and 38 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 region 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 1·east immediately ahead of the front moving edge 

of the moving portion of a sunroof. As shown in Figures 3C and 30, at least one 

IR emitter 100 and at least one IR detector 102 are separated proximal a front 

moving edge of a sunroof 103. lri an exemplary embodiment of the invention, 

· opto-ser)sing of obstructions is across and in relatively close proximity to a front 

edge 105 of the sunroof 103. The depictions in Figures 3C and 30 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 

1 02 of the moving panel or window to the region of the front moving edge. 

Alternate mean~ to supply electrical signal and/or power to the moving opto­

electronic components includes means such as electrical contact brushes 

cooperating with 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 panel 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 proximal material inductive properties. 

Various techniques improve the operation and reliability of non-contact 

optical detection sensing. In accordance with an exemplary ~inbodiment 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 de~ector 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-noise for IR sensing by the IR detector. 

The IR det.ector circuit synchronously compares the IR signal detected during IR 

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 detector circuit so that optical coupling is 

above minimum desirable values. Such automatic gain compensates, within 

certain limitations, factors · including decrease · in I R emitter output over 

accumulated time at temperature, IR emitter output temperature coefficient, dirt 

and haze fouling optic components, and .high ambient IR levels. 

Highly directional 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. 

Despite various means to reduce the possibility of excess extraneous IR 

from being detected, certain conditions occur that may allow very high levels of 

direct and/or.reflected sunlight to be "seen" by the detector. Sun IR power levels 

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 

sunroof actuator is nearly closed , at which position ambient IR noise is shielded 

by the sunroof. 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. 

Retailed Schematic 

The controller schematic shown in Figures 2A- 20 implements collision 

sensin.g in one form by activating a light emitting diode 1 OOa which emits at 

periodic intervals. In the event the infra red radiation is not sensed by a photo 

transistor detector 1 02a , 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 para~eters. 

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 us~d to reprogram the microprocessor controller 2. 

User controlled inputs Sa, 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, 5e are also monitored by the controller 

2 and used to control activation of the sunroof drive motor. 

The schematic depicts a clock oscillator 11 0 for providing a clock signal of 

6 MHZ for driving the microprocessor controller 2. To the upper left of the 

oscillator is a decoupling capacitor circuit 112 for decoupling a vee power signal 

to the microprocessor. 

The circuitry depicted in Figure 28 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 volts 

(VCC) is provided by a voltage regulator 122 in the upper right hand corner of 

9 
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Figure 28. A voltage 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 VBA T 

which powers the relay coils 132, 134 (Figure ~D) for activating the motor. 

The circuitry of Figures 2A - 2D includes a number of operational 

amplifiers which require higher voltage than the five volt VCC logic circuitry 

power signal. At the extreme right hand side of the schematic of Figure 28 are 

two transistors 136, 138 one of which includes a base 140 coupled to an output 

142 from the microprocessor controner 2. The second trar)sistor 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 microprocessor controller 2 also has two motor control outputs 150, 

152 which control two switching transistors 154, 15_6 , 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 light emitting diode 100a has an anode·connection 181 coupled to the V-
• 0 

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 1 OOa to emit IR radiation. Under microprocessor co~trol , the light emitting 

diode produces a 500 hertz output which is sensed by a photo detector 1 02a. As 

the light emitting dio~e pulses on and off at 500 hertz, the photo detector 

responds to this input. When current flows in the photo detector, a yoltage 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 combinatiqn produce an output signal of 500 hertz. With no 

signal appearing at the photo detector, an output 192 from the operational 

amplifier 190 is ~.5 volts. This signal is coupl~d to the microprocessor controller 

. 2. In response to receipt of the photo detector signal, this signal oscillates and 

this oscillating signal 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 1 02a. The second 

input 194 to the comparator is a 3.3 volt signal generated by a voltage divider 

195. 

Motor current monitoring 

A motor current monitoring circuit is depicted in Figure 20 and includes a 

number of operational amplifiers 200 - 203 coupled to a current measuring 

resistor 210 in the low.er right hand portion of the circuit diagram. This current 

measuring resistor is coupled to t~e operational amplifier 200 configured as a 

differential amplifier through a second resistor 2.11 . An output 212 from this 

differential amplifier is a signal proportional to the current through the motor 
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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 0 conversion to a digital value 

directly related to motorcurrent. 

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 motor 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 determine a stalled motor 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 
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edge of the window or panel and during ce~ain startups will alter a startup 

sequence. 

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 controller causes 

the motor to move the panel or window in a direction to open the window or panel 

and then change motor 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 accordance with one embodiment of the invention, in 

response to a detection of an obstacle, the controller immediately causes motor 

deenergization, followed 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 two 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 

regardless of motor drive polarity and rotation direction. For either condition of 

drive .. polarity the · non~en.ergized side of the motor is connected to COMMON 

through the low value current sen~ing resistor 210 to produce a positive analog 

signal voltage directly proportionate to the motor current. 
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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 mkroprocessor 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 during starting energization, end-stall detection, and as necessary 

for obstruction dete~tion. For this eight-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 

approximately 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. 

Measured Motor parameters - AC Current Sensing 

14 

Page 14j 



l Doreen Arndt -14-733C2.apl.doc 

i . 

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 sha~ and since gears and/or 

mechanical drive linkages link the shaft to the mo'Ving 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 sign~l 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 C<?mmutation pulses. 

Various alterna~ive and more expensive incremental encoder, absolute 
·. 

encoder, ;and resolver means can produce similar signals representative of 

incremental or absolute motor rotor position. 

A parameter monitored by the controller, 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 m.icrocontroller 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 comp~rator to "square up". the 

output waveform for input to the microprocessor contro!ler. The microprocessor 

counts the number of microcontroller clock pulses between adjacent motor 

current commutation pulse signal~ ·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 

count of 240 clock cycles per ·encoder pulse period is representative of typical 

tra('lsient startup energization acceleration at minimum motor power supply 

voltage under heavy loading conditions . 

. As an alternative to a presently preferred current sensing process, other 

means of determining motor speed are contemplated. Alternate sp~ed sensing 

technologies include monitoring changes in a magnetic field and converting such 

changes to a speed of movement. Non-contact sensors for such monitoring 

include: Hall effect, magnetoresistive, magnetodiode, magnetotra':lsistor, 

Wiegand effect, and variable reluctance; capacitive; and optical sensors. Such 

encoders are contemplated in United States patent 5,334,876, Figure 5 which 

depicts pulses produced by a motor shaft encoder that monitors position, speed 

and direction of travel of a window or panel. 

· In accoraance with an alternative embodiment of the invention, refl~ctive . . 
and blocking sensing; generated inductive ma~netic fields: ECKO (eddy current 

killed oscillator), variable inductor, and variable transformer; and film resistor can" 

be used to monitor window or panel moyement. 

Position Accuracy 

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 and/or 
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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 magnitU<;Je 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 OSP 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 based 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 a~er de­

energization. 

Po§iitjoo Sensing & Alternatives 
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By counting motor current commut~tion pulses as an incremental encoder, 

.the microcontroller maintains a representation of a~t~ator 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 method 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 .accur~cy 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 

inductive magnetic fields: ECKO (eddy current killed oscillator), variable 

inductor, and variable transformer; and film resistor. 

No Template Calibration -Simple Position & Range Learning 

Upon powerup, the calibration and/or learning of characteristic current 

and/or speed versus position may not be necessary. In accordance with certain 

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 

puls~s for incremental position encoding. Alternatively, the use of a more 

expensive absolute encoders having no such incremental position counter and 

requiring no such resetting is a performance 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 

to~ the window sizes and travels can be pre-progr~mmed 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 misname~ 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 p.erformed, a automatic operation expr~ss mode 

movement feature 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 !n ·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 9uarantee 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 a·nd 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 sunroof, 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 

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 positi~n 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 fr<?m 0 to 255. If it is not 

possible to perf~xm 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 

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 accuracy. 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 

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· resolutiqn by use of a lower ADC motor 

curre~t 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 arid fast-changing obstacle detection thresholds. . . 

High position sensing accuracy also 'enables accurate anticipation of increased· 

20 

Page 20 I 



·. 

Doreen Arndt- 14-733C2.apl.doc 

i 

I 
I . 
i 

0 

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. 

Digital Signal Processing 

· Motor current is sensed by preferred OSP 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 sens~d by preferred OSP 

techniques 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 tran~ients, 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 ~maller circuit size, fewer components, lower cost. lower mass, and 

especially ability to adapt filter algorithms for pulse ~etection thresholds durin~ 

operation to improve performance characteristics. 

Variable Load Parameters- Adaptive Obstacle Detection Threshold 

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 motor 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. It is 

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 ac~uator 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 load 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. 

Figures 5 - 7 show simplified examples of how DSP is applied in real time 

to alter and reduce obstacle detection function thresholds for increased obstacle 

detection· sensitivity tolerances. The inventive obstacle detection function 

threshold 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 ~fits 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 de_tection function threshold in real time to accommodate periodic 

cyclic dynamic load variations. Initially, before periodicity is ascertained, the 

adaptive respon.se 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 b.ecomes 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. It is· 

important to see that the real time adaptive obs_tacle 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 detection, faster actuator deenergization, faster actuator stopping, and 

lower peak obstacle force at final stopping position. 

Reduced Actuation Speed 

Circuitry disclosed in United States patent 5,334,876 uses a PWM (pulse 

width modulate~) 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 ·voltage 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 n:'ight 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 motor include full power supply 

voltage, fixed duty cycle pul~e 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, controlled linear drive to 

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

control for AC motor applications.. Switching transients are reduced and 

RFiiEMC is improved for any of the above switchmode methods of motor drive 

by filterin~ 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. 

Generic Obstacle Detection 

. 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 actuator position cause a calculated threshold to be exceeded, an 

obstruction is ascertained and ·the sunroof is ~rought 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 arid 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/dr adaptive via OSP algorithms. It is impractical to even attempt to show all 

apparent 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 tow 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 I (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. 

Startup Obstruction Detection Summary 

Figure 4 shows typical startup energization characteristics of current and 

per speed for a_ motor. Startup obstacle detection is somewhat difficult because 

the characteristic 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 parameter.s 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 mo'tor 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 s'ensed current at the end of the fixed startup time interval is 

above a determined threshold, then an obstacle is determined. 

· Exp(essed in other terminology, after allowing some small initial amount of 

time for the motor rotor to begin rotation, I is immediately measured and 

compared against a fixed maximum threshol~ 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 Petectjon Summary 

In brie( 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 fast 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 det~ction after-startup is performed via two algorithms. One algorithm 

method is based upon speed and rates of change of speed (also known ~s 

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 

positi9ns 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 d~tection. 

Implementation of this method· is by utilization of at least one FIFO memory for 

storing such running measured values as PP ·and/or I, as previously defined. 

Additional FIFO memory can be used .to store additional running calculated 

values based on PP an.d/o.r 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 empiri.cal. sunroof panel operational data. Depending on accuracy 

requirements and relative algorithm processing speeds, higher order curve-fitting 

routines are anticipated. Hard obstacle detection occurs when either I 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 motor electrical current and per speed. Running 

calculations based upon the FIFO memory of measured values are stored in at 
. . 

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

two algorithms: One algorithm method is based upon speed and rates of change 

'of speed (deceleration) to determine at least one value in excess of at least one 

limit. Another algorithm method is based upon measurements of motor current 
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and derivatives thereof based upon time and/or position at times and/or positions 

determine~ 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 I. 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 av·erages, 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 requir~ments and relative· algorithm processing speeds, higher order 

curve-fitting ro~tines are anticipated. Soft obstacle detection occurs when either 

1 and/or PP exceed a running adaptive threshold value comprised of terms based 

upon fixed, static, and/or dynamic values. 

Software Digital Signal Processing Techniques 

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 oper~tion parameter changes characteristic of undesired 

obstacle loading. 

Collision detection notation 

Measured readings of hardware-filtered I ~ (motor current) and PPn (pulse 
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period} are triggered by and thus synchronized with motor current commutation 

pulse detections. Multiple FIFOs (first-in-first-out memories} are utilized to store 

running measurements of In and PPn as well as calculated values derived 

therefrom. In a very general ·sense, both hard obstruction detection and soft 

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, whereas soft obstacle 

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, 

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 

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 s motor current commutation pulse just prior to n = 0 
n = 2 a motor current commutation pulse just prior to n = 1. 

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

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

Calculated motor operation values, FIFO registers, where 
IRa = calculated running software-filtered value of prior s~quential measured 

motor currents in range zero 
JR1 = calculated running software-filtered value of prior sequential measured 

. motor currents in range one 
IRa-r = calculated running software-filtered value of prior sequential measured · 

motor currents in ranges a- f (a ~hrough f) ... 
{Min IRa-r} = determined value of a minimum of motor current readings in prior 

sequential ranges a-f 

{Max IRa-r} = 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 

PPR1 =calculated running software-filtered value of prior sequential counted PP 

in range one 

PPRa-r =calculated running software-filtered vc;~lue 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 _a 

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 measur~d 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 s~ch 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, c, d, e, and f includes six data 

sets each rep~esented by a significantly larger data set range than numeric 

identifier ranges 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 

numbers of gear teeth. in drive mechanisms, mechanical vibrations, frequency of 

periodic load disturbances, and the like. 

Following examples will describ~ the use of two n~meric 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 co~mutation 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, 

n = x -1 
IRo = Anln 

n=O 
and 

n = x -1 
PPRO s A,PPn . 

n=O 
In this simple preferred example case, set 

x = 6 and An= (1 /x) 

to produce eve·nly weighted boxcar averages from data representing six 

sequential motor current commutation pulse measurements. And likewise, 

n = 2x- 1 
IR1 s Anln 

n=x 
and 

n = 2x- 1 
PPR1 = A,PPn 

n=x 
for range one. 

In similar manner, evenly weighted boxcar averages are calculated from 

data in defined alphabetic ranges, as follows. 

By setting 

y = 15 and An= (1/y) 

and applying into equ~~ions 

n = y- 1 

n = 2y- 1 
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IRb s Anln 
n=y 

n = 3y- 1 
IRe= Anln 

n = 2y 

n = 4y ~ 1 
IRd e Anln 

n = 3y 

n = 5y- 1 
IRe = Anln 

n = 4y 

n = 6y- 1 
IRr= Anln 

n = 5y 
and into equations 

n=y-1 · 
PPRa = AnPPn . 

n = 0 · 

n = 2y- 1 
PPRb !5 AnPPn 

n=y 

n = 3y ~ 1 
PPRc .!II AnPPn 

n = 2y 

n = 4y- 1 
PPRd 5 AnPPn 

n = 3y 

n = Sy ~ 1 
PPRe a AnPPn 

n = 4y 

n = 6y- 1 
PPRt 5 AnPPn 

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 ~e very fast, the use of 

range sizes that are integer powers of the number 2, e.g. 1, 2, 4, 8, 16, 32, etc., 

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 de.termined by the following 

definitions. 

{MiniF~a} = minim.um value of motor current readings In range a 
{MiniRb} =minimum value of motor current readings in range b 
{Min IRe}= minimum value of motor current readings in range c 
{MiniRd} = minimum value of motor current readings in range d 
{MiniRe} = minimum value of motor current readings in range e 
{MiniRr} =minimum value of motor current readings in range f 
{MaxiRa} = maximum value of motor current readings in range a 
{MaxiRb} = maximum value of motor current readings in range b 
{MaxiRc} = maximum value of motor current readings in range c 
{MaxiRd} = maximum value of motor current readings in range d 
{MaxiRe} = maximum value of motor current readings in range e 
{MaxiRr} = maximum value of motor current readings in range f 

Maximums and minimums from multiple alphabetic ranges are per these 

examples. 

{Min!R~>-t} 5 minimum value of motor current readings in ranges b-f 

{MaxiRb.t} = maximum value of motor current readings in ranges b-f 
. . 

· Obst~cle detection is based upon the history of minimum and maximum 

motor ope~ation parameter measurements. The difference between the 

minimum and the maximum values gives an indication 9f 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 IRo is incorporated into the 

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

·factors. 

HARD and/or SOFT OBSTRUCTION DETECTION: 

If IRo ~ [Kt IRa] + [K2 IRb] + [K3 IRe) + [~ IRd] + [Ks IRe} + [Ks IRd + [K7 PPRa] + [Ka 

PPRb] + [Ks PPRc] + [Kto PPRd] + [Ktt PPRe] + [K12 PPRr] + [Kt3 IRt] + [Kt4 {Minl~-r}] + 

[Kts {MaxiRa-r}] + [Kts PPRo] + [K11 PPRt] + Ka 

THEN AN OBSTACLE IS DETECTED 

All of the above factors based upon I, PP, and calculated values thereof 

are preferred to be simple evenly weighted running averages and/or simple 

maximum a0d minimum co.mparisons 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. 

Algorithm processing for hard and soft obstruction detection is divided into 

. two separate equations, weighting the vario.us terms depending upon magnitude 

of importance and processing time requirements. The following examples show 
. . 

generalized and preferred algorithms for hard and soft obstruction detection. Kn 
factors are empirically determined to meet system dynamic performance 

mandates. 

HARD OBSTRUCTION DETECTION: 

IF IRo ~ [Kt IRt] + [K2 PPRt] + 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 precis·e hard obstacle detection. Large range average terms . 

including current, pulse period, minimum current, and maximum current are all 

considered insignificant enough in the tradeoff against speed so they are 

removed. Small range average motor current, IRo, is thus unittessly compared 
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with the sum of three terms IRt, PPRt, and K3. 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 pedod also tend toward hard 

obstruction determination. 

SOFT OBSTRUCTION DETECTION: 

IF IRo ~ [I<. PPRtrr] + [Ks {Min IRb-r}] + [Ks {Max IRtrr}] + K1 

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 slqw increase in entrapment force exceeds maximum allowable 

values. The large 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 hi~her soft obstruction detection threshold values to avoid 

nuisance detection. 

Depending upon the periodicity of motor loading conditions, it is possible 

to not only adapt threshold~ reactively, but also to predictively adapt thresholds in 

anticipation of continued cyclic loading conditions. Software algorithms 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 param~ter loading reveals cyclic 

periodiCity. Adaptive 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. 

Alternative Incremental Encoding lmplementjons 

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· circurr:tstances, it may be preferable to use alternative absolute and/or 

incremental position sensing by at le~st 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 representing 

ostensiole 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 

positioning sensing utiiizes two sensing elements physically aligned to produce 

phase quadrature signals from a relatively moving target. 'rwo sensing elements 

in phase quadrature orientation provide 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 electrodes of fixed and/or variable geometry with sensitive 

electronic circuitry. Optical fields are sensed by ph.otodiode, phototransistor, 

photoresistor, and thermocouple (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 prefer'red means by which similar protection is affected. Motor 

protection is optionally provided by such means as a current limiting diode, a 

positive tempe~ature 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 sunr.oof 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 ~ 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 

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 capab,ility. The characteristic current peak and then drop usually occurs 

over approximately 1 0 I'T!Otor current commutation pulses, which corresponds to 

approximately 3. mm. IF startup current deviates significantly above normal AND 

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 t~ 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 
I 

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 

temperature is sufficiently 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 max.imum 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 obstruction 

detection. 

Timed Power Latch 

An optional feature included in the preferred embodiment is for the 

controller to self latch power for ari 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. Lik.ewise, another vehicle security alternative is to allow 

the operator to select the option for the vehicle sunro.of 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 positJon when the sensed vehicle cabin· temperature exceeds some 

maximum set temperature. Similarly, a sunroof and/or window· can automatically 
. . 

close to the fully closed position when the sensed vehicle cabin temperature is 

below some set temperature. A reasonable liysteresis between the vent set 

. temperature and the cool close temperature will reduce unnecessary cycling 

between VENT and CLOSED positions. 

Vehicle Communication Systems 

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 (Society 

of Automotive Engineers) J1850, CAN (Controller Area Network), and numerous 

others developed by various automotiv~ manufacturers. Such communication 

means can communicat.e actuator system fault conditions inclu~ing 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 speed 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 c~uise 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 

ventilption 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 enabl.es 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 

atmospheric 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. 

Empirical Actua~ion Motor Load Profile Eguatjon and Algorithm 

Nominal operation ·parameters for obstacle detec:;tion 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 microcontroller algorithms have been found to be 

applicable to various diverse cc,mbinations 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 dire~tion of opening and/or .closing ov~r a wide 

range of vehicle speed and tempe~ature conditions to determine all appropriate 

· adaptive obstacle detection th.reshold calculation algorithms. 

The present invention provides a system wherein empirical data 

representing a range of operational conditions and 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 

im~roved 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 m~thods. 

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 

motor drive speed. 

Alternative Applications 

When ~sed 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 

teach[ng 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 

parameters, 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 

approachin~ 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 anticip·ated. 

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 an~logous algorithms and adaptive methods and systems enables 

obstacle detec~ion, and/or arbitrary functional limit detections 

Broad Encompassed Alternatives 

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 motion of the motor driven element; 

b) a memory for storing 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 a number of measurement values based on measurements of 

said parameter over at least a portion of said range of motion; 

. c) determining. ~hat 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 additi?nally comprising maintaining a positiC?n 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 position. 

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 ~ctivation 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 

apparatus comprising: 

a) a sensor for sensing movement of the window or panel and providing a 

sensor output 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 having 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 sensor 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 s.ensor that is re.late.d 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 apparat~s of clarm 6 wherein the controller comprises a programmable 

controller including a processing unit for executing a control program and 

including a memory for storing multiple 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. 

9. 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 ~nd 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 obstacle 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 controlling activation of a motor for moving an object along a 

travel path and de-activating the m~tor 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) output.s a signal from the interface to said switch for stopping the motor 

if the comparis~n based on currently sensed motor movement indicates the 

object has contacted an obstacle. 

13 The apparatus of claim 12 wherein the controller includes a buffer memory 

for storing successive values of motor movement for use in determining the 

obstacle detect threshold. 

14. The apparatus of claim 12 wherein the controller 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 

monitoring user actuation of control inputs for controlling movement of the 

window or panel and wherein the controller maintains a motor energization 

sequence a specified minimum tim~ 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 t.he 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 obst13cle 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 experi~nced 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 
. . 

c) 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 representative of the window or panel 

speed as the motor moves the window or panel along a travel path; 

b) an obstacle d~tection controller for monitoring 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 controll~.r including means for processing 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 $peed 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 calculated 

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 detectqr. 

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: 
. . 

Disclo?ed is an i(\lproved 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 ATIOENEY 
CJOIN'D 

We, Mario Boisvert and Randall Perrin hereby declare that: 

Our residence and post office addresses are, respectively: 
43 Old US 131. Reed Cjty Ml 49677 and 
667 Cobb Street. Cadillac. MI 4960 I . 

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 I and was amended 

on (if applicable}. 
3) __ was described and claimed in PCT International Application No. 

Page 1 I 

_____ _, filed on and amended under PCT Article 19 on---- --

. I . ! 

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 ofunpatentability 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 inventors 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: 

Prior foreign Applic~tjon(sl Priocj1v Clgjmesi 

(Number) (Country) (Day/Month/Year f iled) (Yes) (No) 

(Number) (Country) (Oay/Month/Yeor Filed) (Yes) (No) 

We hereby claim the ben.efit 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: 
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(Applicalion Serial No.) (Filing Date) (Status-patented, pending, abandoned) 

08036 786 o~1s:~bs:[ z~ 122~ ea"ms:d !l.!.S. !i,Q64 Ui~l 
(Application Serial No.) (Filing Date) (Status-patented, pending, abandoned) 

Q8n7S 107 Iulv 14, 1994 AbpndQOeJl 
(Application Serial No.) (Filing Date) (St:nus-patented, pending, abandoned} 

07/872 120 Aori! 2Z 12222. eg1s:o1s:d · !U.S eau:a1 ~12 ~ JH BZ~l 
(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 
provisional application(s) listed below. 

601169.061 December 6. 1999 
(Application Number) (Filing Date) 

We h~re~y designate as our mailing address the office of: 

WATIS, HOFFMANN, FISHER& HEINKE CO., L.P.A. 
P.O. Box 99839 

Cleveland, Ohio 44199-08~9 

And we hereby appoint each of the following attorneys, 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; 
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. 
34,429; Peter R. Hagerty, Reg. No. 42,618 and Robert J. Diaz, Reg. No. 44,655. 

And we hereby appoint the foregoing Stepben J. Schultz, Reg. No. 22J..Q.a, 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 ac~ordance with the Patent Cooperation 

·Treaty. 

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

· 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 fals.e statements and the like so made 
are punishable by tine or imprisonment, or both, under §1001 ofTitle 18 of the United States 

2 



··· . 
t. Doreen Arndt -14-733.dec.word.do 

• !! • . 

~ . I •• · • 

Code and that such willful false statements may jeopardize the validity of this application or 
any patent issued thereon. 
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Inventor's signature: 
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