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[571 ABSTRACT 
A remote controller is disclosed for controlling the 
throttle, brake and steering mechanism of a conven- 
tional motor vehicle, with the remote controller being 
particularly advantageous for use by severely handi- 
capped individuals. The controller includes a remote 
manipulator which controls a plurality of actuators 
through interfacing electronics. The remote manipula- 
tor is a two-axis joystick which controls a pair of linear 
actuators and a rotary actuator, with the actuators being 
powered by electric motors to effect throttle, brake and 
steering control of a motor vehicle adapted to include 
the controller. The controller enables the driver to 
control the adapted vehicle from anywhere in the vehi- 
cle with one hand with minimal control force and range 
of motion. In addition, even though a conventional 
vehicle is adapted for use with the remote controller, 
the vehicle may still be operated in the normal manner. 

17 Claims, 11 Drawing Figures 
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REMOTE CONTROL FOR MOTOR VEHICLE 

GOVERNMENT RIGHTS 
This invention was made with Government support 

under NASA Contract NAS 9-16189 awarded by 
NASA. The Government has certain rights in this in- 
vention. 

FIELD OF THE INVENTION 10 
This invention relates to a motor vehicle controller, 

and, more particularly, to a remote controller for a 
motor vehicle. 

BACKGROUND OF THE INVENTION 
Vehicle controls have been developed and refined 

over a period of years to fulfill a variety of needs. With 
respect to a motor vehicle such as the automobile, it is 
essential that the direction and speed of movement be 
controlled. As is well known, the direction of an auto- 
mobile is now normally controlled by a rotatable steer- 
ing wheel, and speed is normally controlled by foot 
pedals which include an accelerator (throttle) for in- 
creasing (or maintaining) the speed of the vehicle and a 
brake for decreasing the speed (or stopping) the vehicle, 
with the steering wheel, accelerator and brake being 
normally positioned inside the passenger compartment 
so as to be readily available to the driver. 

While the normal mode of control for a motor vehi- 
cle, such as an automobile, has been satisfactory for 
most individuals, improvements are still felt to be war- 
ranted, and some handicapped individuals have not 
been able to control a motor vehicle using the now 
normally accepted control system. With respect to 
handicapped individuals, efforts have heretofore been 
made to develop different control systems for a vehicle 
that would enable certain handicapped individuals to 
control such a vehicle. 

Such efforts have included, for example, a modified 
control system using mechanical controls to enable 
paraplegics who have lost the use of their lower extrem- 
ities to manipulate the throttle and brake by hand with 
no change in steering (since the steering wheel is now 
normally rotated by hand). 

A simple hand-operated “T” handle has also been 
developed for use by handicapped individuals still capa- 
ble of rotating a conventional steering wheel, with the 
“T” handle controlling the throttle and brake through 
the use of pneumatic servos. 

An adaptive control system for a vehicle has also 
been heretofore developed for use by certain quadri- 
plegics capable of limited arm motion. In at least one 
such system, a steering wheel of reduced size has been 
used in conjunction with a pivotable pedestal having 
the steering wheel mounted thereon so that pivoting 
movement of the pedestal in on direction (usually by 
pushing the pedestal forward) causes the vehicle to be 
accelerated and pivoting movement in the opposite 
direction causes the brake to be applied. For higher 
level quadriplegics unable to exert the arm motion nec- 
essary for rotation of the steering wheel, a modification 
has also been heretofore developed which replaces the 
steering wheel with a tri-pin grip. 

Still another control system’has been heretofore de- 
veloped for use by high level quadriplegics which uti- 
lizes a small joystick to control the three primary vehi- 
cle control functions (i.e., throttle, brake and steering) 
with the system depending upon utilization of hydraulic 
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2 
servos involving a large and complex array of pumps 
and valves. 

The control system utilized for the lunar rover 
(Apollo moon missions) allowed the operating astro- 
naut to control acceleration, braking and steering with 
one hand through the use of a rather complicated hand 
controller having potentiometers mounted therein to 
sense the position of the controller and drive wheel 
connected electric motors to effect propulsion and 
steering of the vehicle. 

While heretofore known and/or utilized modified 
control systems have allowed some handicapped indi- 
viduals to operate a motor vehicle, such systems have 
not proved to be completely successful, at least for use 
by some handicapped individuals, since some high level 
quadriplegics (C-5 for example) are not able to exert 
even the limited arm motions necessary to operate such 
modified control systems. In addition, some such here- 
tofore known and/or utilized control systems have 
required complex modifications which have made in- 
stallation difficult and/or increased maintenance re- 
quirements, have made removal and application to 
other vehicles difficult if not impossible from a practical 
standpoint, have made controls more difficult even to 
the point of being unsafe at least at high speeds, and/or 
have required major alterations of the vehicle control 
system such that it was impossible to operate the vehicle 
in the normal mode after the vehicle has been adapted 
for use with the modified controlled system. 

SUMMARY OF THE INVENTION 
This invention provides an improved control system 

for a motor vehicle with the control system being par- 
ticularly useful in allowing control to be effected with 
little arm movement with the control system being 
therefore particularly well suited for use by handi- 
capped individuals such as high level quadriplegics. 
The control system includes a remote controller having 
a two-axis joystick, actuators for effecting direction and 
speed control, and electronic interfacing between the 
joystick and actuators. The control system is operable 
with one-hand, is relatively simple in structure and yet 
is dependable in operation, is remotely situated with 
capability of operation anywhere in the vehicle, and 
does not prevent normal operation of the adapted vehi- 
cle. 

It is therefore an object of this invention to provide 
an improved control system for a motor vehicle. 

It is still another object of this invention to provide an 
improved control system for a motor vehicle that is 
relatively simple in structure and yet is dependable in 
operation. 

It is yet another object of this invention to provide an 
improved control system for a motor vehicle that is 
remotely situated and capable of operation anywhere in 
the vehicle. 

It is another object of this invention to provide an 
improved control system for a motor vehicle suitable 
for use by handicapped individuals such as high level 
quadriplegics. 

It is still another object of this invention to provide an 
improved control system for a motor vehicle that does 
not prevent normal operation of the adapted vehicle. 

It is yet another object of this invention to provide an 
improved control system for a motor vehicle that can be 
relatively easily installed almost entirely within the 
passenger compartment of the motor vehicle. 
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It is another object of this invention to provide an 
improved control system for a motor vehicle that re- 
quires no extensive reach to fatigue the arms and shoul- 
ders of a driver. 

It is still another object of this invention to provide an 
improved control system for a motor vehicle that can be 
easily modified to a configuration best suited for a par- 
ticular handicapped driver. 

With these and other objects in view, which will 
become apparent to one skilled in the art as the descrip- 
tion proceeds, this invention resides in the novel con- 
struction, combination, and arrangement of parts sub- 
stantially as hereinafter described and more particularly 
defined by the appended claims, it being understood 
that such changes in the precise embodiment of the 
herein disclosed invention are meant to be included as 
come within the scope of the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The accompanying drawings illustrate a complete 

embodiment of the invention according to the best 
mode so far devised for the practical application of the 
principles thereof, and in which: 

FIG. 1 is a perspective presentation illustrating posi- 
tioning and typical use of the control system of this 
invention in an adapted motor vehicle; 

FIG. 2 is a dynamic block diagram of steering control 
electronics utilized in the control system shown in FIG. 
1; 

FIG. 3 is a schematic diagram of steering control 
electronics shown in block form in FIG. 2; 

FIG. 4 is a dynamic block diagram of the throttle and 
braking electronics utilized in the control system shown 
in FIG. 1; 

FIG. 5 is a schematic diagram for throttle and brak- 
ing electronics shown in block form in FIG. 4; 

FIG. 6 is a side view illustrating modification of a 
conventional steering system to adapt the motor vehicle 
for use with the control system shown in FIG. 1; 

FIG. 7 is a front view of the modified steering system 
as shown in FIG. 6; 

FIG. 8 is a cross sectional view taken through lines 

FIG. 9 is a front view illustrating modification of a 
conventional motor vehicle for throttle and brake con- 
trol as a part of the control system shown in FIG. 1; 

FIG. 10 is a top view of the modified throttle and 
brake control system as shown in FIG. 9; and 

FIG. 11 is a side view of the modified throttle and 
brake control system shown in FIGS. 9 and 10. 

8-8 of FIG. 6; 

DESCRIPTION OF THE INVENTION 
The act of normal driving of an automobile involves 

an operator acting across an interface to control the 
vehicle. This is a complex, semi-skilled, neuromuscular 
function, involving visual, auditory and vestibular sen- 
sation, processing of information, and execution of com- 
mands to modulate vehicle velocity and direction. 

The control interface of an automobile has been de- 
signed to accommodate the capabilities and limitations 
of a driver without appreciable handicaps that would 
prevent normal use of arms and legs. Early in automo- 
tive history, the standard operator controls became foot 
pedals for speed control and a hand wheel for direction 
control (as well as a clutch pedal if automatic transmis- 
sion is not included in the vehicle). Even today, despite 
dimensional variations, standard automobiles in com- 
mon usage have a steering wheel mounted on a column 

4 
with spaced accelerator and brake pedals at the base of, 
and somewhat offset with respect to, the steering col- 
umn. 

In the case of a handicapped driver, some device 
5 must therefore be introduced to either augment the 

output capabilities of the driver or to modifiy the input 
requirements of the vehicle, depending upon the handi- 
cap of the driver. Due to the physical limitations often 
present in severely handicapped cases, special consider- 

10 ations in overcoming man-machine interface problems 
were required in providing the control system of this 
invention. Among such considerations was that only 
minimal operator control input force and range of mo- 
tion of one hand would be available for use, and that 

15 such minimal force and motion would have to be uti- 
lized to develop sufficient force to control a throttle, 
brake and steering functions in the adapted motor vehi- 
cle. 

As indicated in FIG. 1, control system 15 is a remote 
20 manipulator capable of accurately positioning the throt- 

tle pedal 17, brake pedal 18, and steering wheel 19 of a 
conventional motor vehicle 21 (which can be a conven- 
tional autonlobile or van, for example, having an auto- 
matic transmission) in response to input commands 

25 executed by the driver. The entire control system is 
designed to be installed in the passenger compartment 
of the standard, or conventional motor vehicle (rather 
than in the harsh environment that exists in the engine 
compartment or under the vehicle), and includes a driv- 

30 er’s control input device 23 (shown in mechanical form 
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in FIG. 1 and-referenced in the steering and throttle/-- 
brake block and schematic diagrams of FIGS. 2 through 
5), interfacing electronics (generally designated by the 
numeral 25 for steering and 27 for throttlebrake as 
shown in the block and schematic diagrams of FIGS. 2 
through 5), and a plurality of actuating assemblies gen- 
erally designated by the numerals 29 (for steering), 30 
(for throttle), and 31 (for brake), which actuating assem- 
blies (as best shown in FIGS. 6 through 11) exert con- 
trol over the vehicle. 

The design of the driver’s control input device 23 and 
its associated hardware evolved from a human factors 
analysis of the control capabilities and limitations of 
quadriplegics who have suffered lesions of the spinal 
cord at the fifth cervical vertebra (C-5). Persons who 
have suffered such a severe injury have very limited use 
of their upper extremities. Test results indicated that the 
C-5 quadriplegic could maintain the best control with 
the forearm while supported by an arm rest or other 
similar device which limits effective control motion to a 
radius of approximately four inches from the neutral 
point. In addition, motions across the central line of the 
body, (such as those needed to turn a conventional 
steering wheel) were found to be especially difficult to 
control. A control resistance of two pounds maximum 
was found, however, to be easily achieved and offered 
good control “feel” to the driver. 

The design of the control system of this invention 
was influenced by the need for a compact system which 
could be readily installed in a wide range of vehicles 
and readily removed for service or reinstallation in 
another vehicle. This goal was realized through the use 
of actuators powered by electric motors and installed 
entirely within the passenger compartment of the vehi- 
cle. Two linear actuators are used to operate the accel- 
erator and brake pedal while a rotary actuator is used to 
turn the steering wheel. While three actuators are 
shown and described herein, it is to be realized that 
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actuators could be combined in function and could be of electronics 41 which in effect changes the linear output 
Werent types than shown and described herein with- of the joystick potentiometer into a nonlinear curve. 
out departing from the intended scope of the invention. . Thus, joystick 23, potentiometer 39 and signal condi- 

Installation of the actuators is accomplished by re- tioning electronics 41 form a command segment of the 
placing the stock steering wheel with a modified wheel, 5 device. The output Vo is received by summing junction 
bolting a drive package under the dashboard and con- 43 of servo-loop electronics 45 (which also includes 
necdng the brake and throttle actuators to the respec- ampliier 47 and summing junction 49). 
tive pedal. Such installation can be accomplished in a At summing junction 43, servo loop electronics 43 
single day by an average experienced mechanic. ded voltage Vo to the actual posi- 

by position potentiometer 51 in 
requirement for a flexible, compact and reliable meahs position feedback loop 53, (which loop also includes 
of translating the input commands of the operator into r voltage BE is generated that 
the control signals which govern the actuator package. ased error between the command' 
While an analog system is shown herein, it is to be ' 

rerlizod that digital electronics could be utilized with- 15 Error voltage t)E is coupled through amplifier 47 to 
out departing from the intended scope of the invention. summing junction 49, which receives a second input 

As shown in FIG. 1, the driver's control input' device from velocity feedback loop 57, which loop provides 
is a joystick 23 (preferably of aerospace quality) con- maximum stablity in this high gain system. Velocity 
ventionally mounted for pivotal movement on a support feedback loop 57 senses the first derivative, or velocity, 
structure 34 (which support structure can be a closed 20 of the system utilizing tachometer 59 the output of 
receptacle having all or part of the interfacing electron- which is coupled through ampliqer 61 to summing junc- 
ics therein) that is fully adjustable with respect to tion 49, where an error voltage OEis genefated by com- 
height, tilt and rotation. The support structure prefera- paring the command rate of change to the actual rate of 
bly includes an ann rest 36 extending rearwardly there- change as sensed by the tachometer. The output from 
from for full support of the driver's hand and arm. This 25 summing junction 49 is coupled to power amplifier 
arm rest provides a frame of reference while driving electro 
and also isolates the controlling hand from road shocks Po ifier electronics 63 converts the voltage 
which might result in an undesired control input. Be- from the servo-loop into current (amps) to drive steer- 
caw the control system is a "fly by wire" type of con- ing motor 64. The approximate relationship is one volt 
trol(8uch aa is commonly used in high speed aircraft, 30 converts into two amps. The amps are converted into 
helicopters and spacecraft), the joystick and support torque within the servo motor by motor torque constant 
structure can be located anywhere within the passenger KT. The output torque of the motor is coupled through 
compartment where there is enough visibility to drive the load of the mechanism power train 65 to the steering 
(rulizing, however, that the gear shift and secondary column through gear reduction train 67. An eight- 
controls would have to be relocated for a driver seated 35 to-one gear ratio matches load inertia to motor inertia 
anywhere but the normal driver seat). ~ and optimizes the speed-torque relationships. 

In operation, pivoting stick 23 forwardly from a nor- The selector joystick control is capable of 60' of 
mdly centered position depresses the accelerator (or displacement while a typical steering wheel turns five 
throttle) pedal 17, pivoting stick 23 rearwardly from the times from lock to lock. If a strictly linear relationship 
normally centered position depresses the brake pedal 40 were maintained between joystick displacement and 
18, while left and right pivotal movements from the steering wheel rotation, each degree of stick displace- 
normally centered position turn the steering wheel 19 in ment would result in 30' of wheel rotation, but such a 
the appropriate direction (i.e., left if pivoted to the left, system would be too sensitive for effective vehicle con- 
and right if pivoted to the right). In this manner, Pl trol, and particularly for control by handicapped driv- 
primary control functions are accomplished with a sin- ers. For this reason, a nonlinear response curve was 
gle control stick. If desired, the control exerted by piv- developed which provides variable sensitivity in the 
odng stick 23 can be changed so that, for example, steering response. The sensitivity is decreased around 
pivodng stick 23 forwardly depresses brake pedal 18 control neutral and increases as the control stick is 
and pivoting stick 23 rearwardly depresses accelerator moved toward full displacement. 
pedal 17. The curve is generated by a circuit realization of t  

,brake) provided between joystick 23 and the electro- 
mechanical actuator8 are shown in block and schematic 
!form in FIGS. 2 and 3 (steering) and 4 and 5 (throttle/- 
brake), Interfacing electronics 25 can be within support 55 where VO is t utput, or actual, response of the steer- 
structure 34 Or  be partially O r  entirely mounted in a ing wheel, Vi is the input, or control stick, displace- 
mpuate box (not shown) mounted in a convenient loca- ment, and nt is a constaat to match full displacement of 
don (such under the dashboard) within the vehicle. the control stick to a complete turn of the wheel. In this 
As indicated in FIG. 1, the electrical connection be- System, an analog Voltage multiplier multiplies Vi times 
tween the interfacing electronics and the motors is 60 the absolute value of Vi, resulting in an output which is 
through electrical cable 37, which cable is of a length to the square of the input, in the first and third quadrants, 
allow movement of joystick 23 to any convenient loca- The schematic diagram for the steering interfacing 
tion within the vehicle. If the electronics are located in electronics 25 is shown in FIG. 3. AS shown, potentiom- 
a aparate box, then cable 37 would, of course, extend to eter 39 of joystick 23 is connected between the +8 and 
the separate box. 65 -8 volt power sources through resistors 70 and 71, 

The displacement angle OJof joystick 23 is translated respectively. The movable wiper of potentiometer 39 is 
via potentiometer 39 (shown in FIG. 3) into an analog 

' connected to the positive input of operational amplifier 
voltage. "his voltage is received by signal conditioning 73 of signal conditioning electronics 41, Pin 8 of opera- 

The elocttonics were designed in response to the 10 

50 
Interfacing electronics 25 (steerin d 27 (throttle/- following equation: 

Vo=nilVi IVi 



7 
4,476,954 

0 
tional amplifier 73 is connected with ground through operational amplifier 47 is connected with ground 
capacitor 75 and the output of operational amplifier 73 through capacitor 149 and the output is fed back to the 
is fed back to the negative input, with the output also negative input through resistor 151, with the negative 
being coupled through resistor 77 to the negative input input also being connected with ground through resis- 
of operational amplifier 79. 5 tor 153. 

The output of operational amplifier 79 is connected The output from operational amplifier 47 is coupled 
with oppositely poled diodes 81 and 83, with diode 81 through resistor 155 to the positive input of operational 
being connected with the negative input of operational amplifier 49 serving as a summing junction. Pins 3 and 
amplifier 79 through resistor 85, while diode 83 is con- 8 of operational amplifier 49 are connected with ground 
nected with the negative input of operational amplifier 10 through resistor 1% and capacitor 157, respectively, 
79 through resistor 87 and is COnnected with the ne@- and the output is fed back to the negative input through 
tive input of operational amplifier 89 through resistor parallel connected resistor 159 and capacitor 161. 
91. The negative input of operational amplifier 89 is Tachometer 59 (receiving an output from load 65 as 
connected with the output through resistor 93 and With indicated in FIG. 3) is connected with the positive input 
the output of operational amplifier 73 through resistor 15 of operational amplifier 61, Pin 8 of operational ampli- 
95. fier 61 is connected with ground through capacitor 163 

and the output is directly fed back to the negative input. The Output Of operatiod amp1ifier is connected 
through potentiometer 97 (one end of which is con- 
netted with ground through re!3istor to the hut The output from operational amplifier 61 is coupled 

through resistor 165 to the negative input of operational 
of multiplier 101 (which receives an X input from the 20 amplifier 49 serving as a summing junction. 
output of operational amplifier 73). 

Pin 2 of multiplier 101 (Xes) is connected with the 

divider between the +8 and -8 volt power sources), 

and 109 (forming a voltage divider between the +8 and 
-8 volt power sources), and pin 4 (Gs) is connected 
with the movable wiper of potentiometer 111 (con- 
nected at opposite ends to the +8 and -8 volt power 

Thus, the output control voltage of the steering po- 
tentiometer is sensed and fed to the conditioing 

nal which is with an actual performance 

tachometer) with the difference an signal 
that is used to correct the actual performance by pro- 
viding the current necessary to drive the servomotors. 
A dynamic block diagram for throttle and brake op 

The vo and zo outputs from multiplier unit lol are 30 eration is shown in FIG. 4. The operation is similar to 
that described for steering in connection with FIGS. 2 

junction Of resiston ‘03 and lo5 a electronics to provide a commanded performance sig- 

pin vas) is connected to the junction Of resistors ‘07 25 signal (as measured by the feedback potentiometer and 

SOuTCeS. 

commonly coupled through resistor 113 to the negative 
input of operational amplifier 115. Pin 8 of operational and 3 with changes being made in the servo-looP gains 
amplifier 115 is connected with ground through capaci- to optimize performance* For throttle and brake Opera- 
tor 117 and the positive input of operational amplifier 35 tion, the output voltage of the joystick potentiometer 
115 is connected with ground through resistor 119. The 168 (shown in is received by zero crossing 
output of amplifier 115 is fed back to the circuitry in signal conditioning circuitry 170 to switch 
negative input through resistor 121 which is control between throttle and brake as the control stick 
the high gain control of the device. 23 passes through the neutral position. Signal condition- 

The output from operational amplifier 115 is coupled 40 ins circuitry 170 provides output to sew0-100~ elm- 
through 123 to the negative input of operational tronics 172 (which includes summing junction 174, am- 
amplifier 125. The positive input of operational ampli- plifier 176 and summing junction 178 8s indicated in 
fier 125 is connected with ground through resistor 127 FIG. 4). *wO-lOOP electronics 172 cOmPares 
and the output is fed back to the negative input through manded p e r f o m c e  and actual Performance with ac- 
variable resistor 129. The output from operational am- 45 tual Performance inputs h ing  COUPl~ to Summing 
plifier 125 is coupled through resistor 131 to the positive junction 174 from Position feedback loop 180 (Which 
input of operational amplifier 43 serving a summing includes position potentiometer 182 and amplifier 184, 
junction. Pin 8 of operational amplifier 43 is connected to Provide an error Signal eE,  and to summing junction 
with ground through capacitor 133, the positive input is 178 from velocity fefd~ck loop 186 (Which includes 
connected with ground through resistor 135, and the M tachomster 188 and amplifier 190) to Provide an error 
output is fed back to the negative input through resistor $gnal for automatic correction, which error signal 
137. OEis coupled through power amplifier 192 to motor 194 

The movable wiper of potentiometer 139 of position (designated in FIGS. 9 and 10 more specifically as 
potentiometer unit 51 (controlled by an output from throttle motor 194’ and brake motor 194”). The output 
load 6!5 as indicated in FIG. 3) is connected with the 55 from motor 194 is coupled through mechanical power 
positive input of operational amplifier 55. Potentiome- train load 1% (which provides inputs to position poten- 
ter 139 is connected in series with and between variable tiometer 182 and tachometer 188) to drive circuitry 198 
resistor 141 (serving as zero adjust) and resistor 143, to provide actuating current for the brake and throttle 
with resistor 141 being connected to the + 8 volt power actuators. 
supply and resistor 143 being connected to the -8 volt 60 A schematic diagram of the brake and throttle elec- 
power supply. Pin 8 of operational amplifier 55 is con- tronics is shown in FIG. 5. As shown, the movable 
nected with ground through capacitor 145 and the out- wiper of potentiometer 168 of joystick 23 is connected 
put is directly fed back to the negative input. The out- with the positive input of operational amplifier 200 of 
put of operational amplifier 55 is coupled through resis- signal conditioning circuitry 170, with the potentiome- 
tor 147 to the negative input of operational amplifier 43 65 ter being connected with the + 8 and - 8 volt power 
serving as a summing junction. supplies through switches 201 and 202 of brake for- 

The output from operational amplifier 43 is coupled ward-reverse switching unit 203. Pin 8 of operational 
to the positive input of operational amplifier 47. Pin 8 of amplifier 200 is connected with ground through capaci- 
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tor 205 and the output of operational amplifier 200 is The fixed poles of switching unit 220 are connected 
directly fed back to the input. through resistor 275 to the positive output of opera- 

The output from operational amplifier 200 is coupled tional amplifier 174B serving as the summing junction 
through resistor 207 to the negative input of operational of the brake 277. The positive input of operational am- 
amplifier 209. Pin 8 of operational amplifier 209 is con- 5 plifier 174B is also connected with ground through 
nected with ground through capacitor 211, the positive resistor 279 and pin 8 is connected with the ground 
input is connected with ground through resistor 213, through capacitor 281, With the output being fed back 
and the output is fed back to the negative input through to the negative input through resistor 283. 
resistor 215. Position potentiometer 182B is connected in series 

The output from operational amplifier 207 is coupled 10 with resistors 285 and 287 between the -8 and +8 volt 
to the movable poles 217 and 218 of integrated circuits Power supplies with the movable wiper being con- 
220 and 221, respectively, serving as switching units, nected with the positive input of operational amplifier 
with the movable poles of switches 223 and 224 of 184B. Pin 8 of operational amplifier 184B is connected 

units 220 and 221 being connected with with ground through capacitor 289 and the output is 
ground. pins 12 of integrated circuits 220 and 221 are 15 directly fed back to the negative input. The output from 
connected with the +8 volt power supply while 8 is operational amplifier 184B is coupled through resistor 

226 and 227, respectively. serving as the summing junction. 

coupled through resistor 229 to the positive input of 20 also serves as amplifier 176 as shown in FIG. 4) is con- 
amplifier 231, with the negative input of nected through resistor 293 to the positive input of 

operational amplifier 178B which also serves as the 
summing junction. Pin 8 of operational amplifier 178B is operational amplifier 231 being connected with ground. 

connected with + 8 volt power supply through resistors 

n e  output from operational amplifier 200 is also 

291 to the negative input of operational amplifier 174B 

m e  output from operational amplifier 174B (which 

The Output from 'peration' amp1ifier 231 is fed back to connected with ground through capacitor 295 and the 
the positive input through resistor 233 and is connected 2.3 positive input is connected with ground through 
with the +8 volt power supply through resistor 235. 

control th positioning of the movable poles of switching 

being coup1ed through 
Output to 'Ontro poles 218 and 223 being coup1ed 
through NOT gate 240. 

The fmed poles Of switching unit 221 are connected 

tor 297. 

positive input of operational amplifier 190B which has 

gates 237 and 238 and the 30 the output directly fed back to the negative input. The 
output of operational amplifier 190B is coupled through 
resistor 301 to the negative input of operational ampli- 
fier 178B serving as the summing junction. The output 

though resistor 242 to the positive input of operational of operational amplifier 178B is fed back to the negative 
amplifier 174A serving as a summing junction Of the 35 input through parallel connected resistor 303 and ca- 
throttle servo 244. The positive input of operational pacitor 305, with the output also being coupled to amplifier 174A is also connected .with ground through power amplifier 192, 
reihtor 246 and Pin is connected,with ground through Three high performance permanent magnet DC actu- 
capacitor 248, with the output being fed back to the ator motors 64, 194' and 194" are used, which motors 
negative input through resistor 250. 40 are connected with actuators for rotating steering 

Positioning potentiometer 182A. is connected in series wheel 19, operating the accelerator pedal 17, and oper- 
with resistors 252 and 254between the 4-8 and -8 volt ating brake pedal 18, respectively. As shown in FIGS. 6 
power supplies With the m ~ a b l e  wiper being con- through &.rotary steering motor 64 is coupled to steer- 
nected with the positive input Of operational amplifier ing shaft 308 through gear train 310 which offers ade- 
184A. pin 8 of operational amplifier 1844 is Connected 45 quate mechanical advantage to turn the steering wheel 
With ground through capacitor 256 and the Output is in the event of failure of the steering power assist. 
directly fed back to the negative idput. The output from Gear train 310 includes drive gear 312 (connected 
operational amplifier 184A is coupled through resistor with motor 64 though flex coupling 314) which drives 
258 to the negative hPut of integrated Operational am- gear 316 (fned to steering shaft 308 by means of cap 
plifier 174A serving as the summing junction. 50 screws 317). As indicated in FIG. 6, bearing plates 318 

The Output from operational amplifier 174A (which and 320 and preferably utilized adjacent to drive gear 
also Serves as amplifier 176 as shown in FIG. 4) is cou- 312 and a third bearing plate 322 is preferably mounted 
pled through resistor 260 to the positive input of opera- on column bracket 324. Steering wheel hub 326 (having 
jtional amplifier 178A which also serves as a summing wheel spoke 327 extending therefrom) is mounted at the 
junction. Pin 8 of operational amplifier 178A is con- 55 end of steering shaft 308 by nut 328 with a bearing 330 
inected with ground through capacitor 262 and positive being utilized between wheel hub 326 and bearing plate 
input is connected with ground through resistor 264. 320. 

The output from tachometer 188A is coupled to the Steering motor 64 is mounted on the outer tube 332 of 
positive input of operational amplifier 190A which has the steering column by bracket 334 and mounting plate 
pin 8 connected with ground through capacitor 266 and 60 336 so that the motor shaft 338 is connectable with flex 
the output directly fed back to the negative input. The coupling 314. As shown best in FIG. 6, tachometer 59 is 
output of operational amplifier 190A is coupled through mounted on motor 64 and position potentiometer 51 is 
resistor 268 to the negative input of operational ampli- mounted to sense positioning of gear 316 through idling 
fier 178A serving as the summing junction. The output gear 340. 
from operational amplifier 178A is fed back to the nega- 65 Thus, the only modification required for steering is to 
tive input through parallel connected resistor 270 and remove the standard steering wheel and replace the 
capacitor 272, with the output also being coupled to same with the modified steering shown in FIGS. 6 
power amplifier 192. through 8 (the steering wheel can be left for normal 

The Output from Operational 231 is used to The output frorn tachometer 188B is coupled to the 

units Z20 and 221, with the output to control pole 217 pin 8 connected with ground though capacitor 299 and 
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operation when the control system shown herein is not with the control system allowing more severely handi- 
being utilized). The position and velocity of the steering capped individuals to drive motor vehicles (people with 
wheel are sensed in this invention by use of the position spinal injuries in the C-5 region, for example). In addi- 
potentiometer and tachometer, respectively, which feed tion, the control system of this invention requires very 
a signal the interfacing electronics as brought out here- 5 little driver training, is easier to drive for able-bodied 
inabove. people with less fatigue than using both hands and both 

Accelerator pedal 17 and brake pedal 18 are de- legs as is necessary with a conventional system, is rela- 
pressed by independent actuators as shown in FIGS. 1 tively easier to install, is relatively inexpensive, allows 
and 9 through 11. The actuator assemblies are attached an individual to drive with primary controls from any 
to the Permanent magnet DC motors 194' (accelerator) 10 position (drivers seat, passenger seat or back seat), al- 
and 194" (brake) and iwhde rack and Pinion drive lows full use of normal controls (steering wheel, brake 
mechanisms 344 (accelerator) and 346 (brake), and pedal, and throttle pedal) as backup by an able-bodied 
pedal attachment brackets 348 (accelerator) and 350 person or garage mechanic when desired, includes a 
(brake). remote manipulator for performing all primary driving 

and l5 functions in a standard motor vehicle, and enables all 
brake motors 194' and 194" are mounted on the outer modifications to be made within the passengei cornpart- 

mounting of the steering motor 64 (which is mounted cle). 
on the outer tube 332 by means of mounting plate 336). 
Motors 194' and 194" are mounted on the outer tube 332 20 

354. 
As shown in FIG. 9, position feedback potentiometer having a first portion displaceable in 

at least four different directions, and a second por- 182A (brake) and tachometer 188A (accelerator) are 
mounted adjacent to accelerator rack and pinion mech- 25 tion responsive to displacement of said first 

in different ones of said directions providing elec- anism 344, while position feedback potentiometer 182B 

trical signals indicative of commanded changes in (brake) and tachometer 188B (brake) are mounted adja- 
cent to brake rack and pinion mechanism 346. the direction and speed of said vehicle; Gear rack 358 extends from brake rack and gear 

ator for causing rotation of said steering mecha- rack 358 extends to position-to-force converter 360 
nism and linear actuators, including rack and pin- which is a spring loaded compressible link (by means of 
ion mechanisms, for actuating said throttle and spring 361) connected at the end to a rod bearing 362 to 

achieve a smooth and gradual brake application. Rod brake mechanisms; and 

portion of said command means and said electri- pedal attachment bracket 350 fixed to the conventional 
brake pedal arm 364 of brake pedal 18 so that extension cally responsive 
of gear rack 358 causes the brake to be applied and means, said Signal processing means, responsive to 
retraction of gear rack 358 ceases brake application. received electrical signals indicative of com- 

mechanism 344, as also shown in FIGS. 9 and 11. As electrically responsive means to effect rotation of 
shown, rack 366 extends to position to force converter said steering mechanism, and responsive to re- 
368 which is similar to position-to-force converter 360 ceived electrical signals indicative of commanded 
(but does not include a spring for spring-loading) con- changes in vehicle speed, causing said electrically 
nected at the end to a rod end bearing 370. Rod end 45 responsive means to effect actuation of at least one 
bearing 370 is attached for pivotal movement with of said throttle and brake mechanisms. 
pedal attachment bracket 348 fixed to conventional 2. The control system Of claim 1 wherein said first 
accelerator pedal arm 372 of accelerator pedal 17 so Portion of Said c ~ ~ ~ ~ m a n d  means i d u d e s  a joystick 
that extension of gear rack 366 increases the throttle displaceable in opposite directions along two different 
setting of the vehicle engine and retraction of gear rack 50 axes. 
366 reduces the throttle setting of the vehicle engine. 3. The control system of claim 2 wherein said joystick 

In operation, the driver controls the vehicle using a has a limited range of motion and wherein said control 
convenient single stick in one hand, moving it forward system includes arm positioning means for pOSitiOnhg 
to accelerate, back to brake, and to either side to steer. the arm of a driver manipulating said joystick. 
The stick can be located anywhere in the vehicle (driv- 55 4. The control system of claim 1 wherein said second 
ers seat, passenger seat, or back seat), and the driver's portion of said command means includes potentiome- 
arm is preferably supported to provide a frame of refer- ters, the movable wipers of which are controlled by the 
ence during driving. In a working embodiment, the positioning of said first portion of said command means. 
adapted vehicle was found to be easy to drive with little 5. The control system of claim 1 wherein said electri- 
training required, driving being with one hand and 60 cally responsive means are electro-mechanical actua- 
supported arm which proved to reduce fatigue and tors. 
sudden perturbations caused by road bumps or dips. If a 6. The control system of claim 1 wherein said system 
failure should occur, the vehicle is preferably caused to includes means for mounting said command means, 
steer straight ahead and come to a safe stop by virtue of electrically responsive means, and said signal process- 
the emergency brake (as a backup system). 65 ing means within said vehicle adjacent to an operator. 

The control system of this invention provides an 7. A control system for a motor vehicle having a 
improved control system that can be effectively used by rotary steering mechanism, a throttle mechanism, and a 
both handicapped and non-handicapped individuals, brake mechanism, said control system comprising: 

As shown in through 11$ 

tube 332 of the steering column downwardly from the merit (not in the engine compartment Or under the vehi- 

What is claimed is: 
A control system for a motor having a 

by a mounting bracket and mounting plates 352 and rotary steering mechanism, a throttle mechanism, and a 
brake mechanism, said control system comprising: 

command 

mechanism 346 as shown in FIGS. 9 and 11. As shown, 30 responsive a rotary actu- 

end bearing 362 is attached for pivotal movement with 35 processing connected with said second 

Gear rack 366 extends from accelerator rack and gear 40 manded changes in vehicle direction, causing said 



4,476,954 

command means having a first portion displaceable in 
at least four different directions, and a second por- 
tion responsive to displacement of said first portion 
in different ones of said directions providing elec- 
trical signals indicative of commanded changes in 5 
the direction and speed of said vehicle; 

electrically responsive means including a rotary actu- 
ator for causing rotation of said steering mecha- 
nism and linear actuators for actuating said throttle 

signal procesSing means connected with said second 
portion of said command means and said electri- 
cally responsive means, said signal processing 
muI1s, responsive to received electrical signals 
indicative of commanded changes in vehicle direc- 
tion, causing said electrically responsive means to 
effect rotation of said steering mechanism, and 
responsive to receive electrical signals indicative of 
commanded changes in vehicle speed, causing said 20 
dcctrically responsive means to effect actuation of 
at lust  one of said throttle and brake mechanisms, 
mid signal procwSing means including first means 
for providing a signal indicative of commanded 
position, second means for providing a signal indic- 2s 
ative of a c t a  position, and error signal producing 
means for receiving signals from said first and sec- 
ond means and producing an error signal for driv- 
ing said electrically responsive means to said com- 
mmded position. 30 

8, The control system of claim 7 wherein said second 
means includes velocity and position feedback loops. 

9. The control system of claim 8 wherein said veloc- 
ity feedback loop includes a tachometer and said posi- 
tion feedback loop includes a position potentiometer. 

10. A control system for a motor vehicle having a 
rotatable steering mechanism, a throttle pedal, and a 
brake pedal mounted for access within the vehicle at a 
driver station, said control system comprising: 

command means within said vehicle for providing 40 
electrical signals indicative of desired changes in 
direction and speed of said motor vehicle; 

signal processing means within said vehicle con- 
nected with said command means to receive said 45 
electrical signals therefrom and responsive thereto 
providing electrical output signals indicative of 
needed changes in direction and speed to that de- 
sind; and 

electrically responsive actuating means connected 
with mid signal processing means to receive said 
electrical output signals therefrom said electrically 
responsive actuating means having one portion 
connected with said rotatable steering mechanism 
within said vehicle for rotating said steering mech- 55 
anism to effect needed changes in direction of said 
vehicle, and a second portion within said vehicle 
connected with said throttle pedal and said brake 
pedal for depressing the same to effect needed 

11. The control system of claim 10 wherein said com- 
mand means is a two-axis joystick with limited range of 

and brake mechanisms; and 10 

35 

changes in the speed of said vehicle. 60 

14 
motion in opposite directions with said axe being nor- 
mal to one another. 
12. The control system of claim 18 wherein said elec- 

trically responsive actuating means includes a rotary 
actuator and a pair of linear actuators. 
13. A control system for a motor vehicle having a 

rotary steering mechanism, a throttle mechanism, and a 
brake mechanism, said control system comprising: 

a joystick displaceable in opposite directions along 
two different axes, said joystick having a limited 
range of motion; 

potentiometer means having movable wipers con- 
trolled and positioned by said joystick; 

command signal developing means connected with 
said potentiometer means to provide electrical sig- 
nals indicative of commanded direction and speed 
of said motor vehicle; 

actual signal developing means including tachometer 
means and position potentiometer means to pro- 
vide electrical signal indicative of actual direction 
and speed of said motor vehicle; 

signal combining means connected to receive said 
electrical signals from said command signal devel- 
oping means and said actual signal developing 
means responsive thereto providing error output 
signals; 

a rotary actuator connected to receive said error 
output signals indicative of needed changes in the 
direction of said motor vehicle and responsive 
thereto rotating said rotary steering mechanism to 
effect said direction changes; and 

linear actuator means connected to receive said error 
output signals indicative of needed changes in the 
speed of said motor vehicle and responsive thereto 
actuating at least one of said throttle mechanism 
and brake mechanism to effect said speed changes. 

14. The control system of claim 13 wherein said ac- 
tual signal developing means includes a velocity feed- 
back loop including said tachometer means and a posi- 
tion feedback loop including said position potentiome- 
ter means. 
15. The control system of claim 13 wherein said po- 

tentiometer means includes separate potentiometers 
connected to sense motion of said joystick in each of 
said axes and directions of movement, wherein said 
electrical signals indicative of command direction and 
speed are separate signals developed for each, wherein 
said actual signal developing means develop separate 
electrical signals for direction and speed, and wherein 
said electrical signals indicative of direction and speed 
are separately combined for providing direction error 
signals and speed error signals. 

16. The control system of claim 13 wherein said linear 
actuating means includes rack and pinion mechanisms, 
and wherein said rack and pinion mechanisms are con- 
nected with said throttle and brake mechanisms through 
position-to-force converters. 
17. The control system of claim 16 wherein said posi- 

tion-to-force converter connecting said rack and pinion 
mechanism through said brake mechanism includes a 
spring for spring loading of said converter. * * * * *  

65 


