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• T H E MOST des i r ab le approach f o r assessing the p e r f o r m a n c e of spec ia l subgroups 
of the d r i v i n g popula t ion i s to measure behavior w h i l e opera t ing w i t h i n a c o n t r o l l e d 
road -veh i c l e s y s t e m . However , the expense, t i m e consumpt ion , c o m p l e x i t y , and i n ­
herent r i s k s i nvo lved suggest m o r e conse rva t ive p rocedures b e f o r e the h ighway sys t em 
i s u t i l i z e d . A p r a c t i c a l approach to the study of the p r o b l e m i s to obtain fundamen ta l 
data i n the l a b o r a t o r y w i t h such i n s t r u m e n t s as u n i v e r s a l m o c k - u p devices o r s i m u l a t o r s . 
T h i s paper i s a s u m m a r y d e s c r i p t i o n of the mechan ica l , e l e c t r o - m e c h a n i c a l , t r a c k i n g 
and da ta -computa t ion fea tu res of such a s i m u l a t o r developed at the H a r v a r d School of 
Publ ic Hea l th . 

The fundamenta l design c r i t e r i a f o r the s i m u l a t o r are (a) d imens iona l dup l i ca t ion of 
veh ic le cab i n t e r i o r s , and (b) adequate a d j u s t a b i l i t y range to i n su re opera tor c o m f o r t . 
The d r i v e r t e s t ing procedure mus t p rov ide e x p e r i m e n t a l task r equ i r emen t s that empha­
s ize b iomechan ica l a c t i v i t y . A study of c o m m e r c i a l veh ic le cab i n t e r i o r s p roduced by 
f i v e m a j o r manufac tu re r s ind ica ted i n s i g n i f i c a n t d imens iona l changes between 1956 and 
1960 m o d e l s . Data p r ev ious ly accumula ted by H a r v a r d School of Publ ic Heal th w e r e 
t h e r e f o r e cons idered a v a l i d bas is f o r s i m u l a t o r des ign ( 1 , 2 ) . 

A su rvey o f the human engineer ing man-mach ine c o n t r o l s y s t e m l i t e r a t u r e l ed to the 
adoption of a c e n t r a l , continuous t r a c k i n g task r e q u i r i n g s t ee r ing whee l m a n i p u l a t i o n . 
A se r i e s of p i l o t s tudies w e r e conducted at Massachuset ts Ins t i tu te of Technology w i t h 
Sher idan 's (3) apparatus i n o r d e r to ga in f a m i l i a r i z a t i o n w i t h t r a c k i n g techniques and 
methodology. In add i t ion , the s tudies developed the necessary data f o r the s p e c i f i c a t i o n 
of the equipment components of the proposed s i m u l a t o r . 

M E C H A N I C A L F E A T U R E S 

The f o u r components (seat, dash panel , pedals , and s t ee r ing mechanism) of the 
m o c k - u p w e r e designed and f a b r i c a t e d independently. Each separate component r e ­
q u i r e d th ree p h y s i c a l p r o p e r t i e s : (a) f u n c t i o n a l dup l i ca t ion of the t r u c k cab coun te rpa r t , 
(b) r e m o t e and /or d i r e c t ad jus t ab i l i t y of the d isp lacements and f o r c e s r e q u i r e d f o r a c t i ­
v a t i o n of c o n t r o l dev ices , and (c) t r a n s l a t i o n a l and appropr ia te angular a d j u s t a b i l i t y . 
The housing f r a m e w o r k was designed contingent on the r equ i r emen t s of each component . 
Thus , the suppor t s t r u c t u r e i s spa t i a l ly compa t ib l e w i t h the p rope r cons t r a in t of movable 
components . 

A r e f e r e n c e d imens ion that p r o p e r l y o r i e n t s each component was es tab l i shed . A l l 
ranges of ad ju s t ab i l i t y a re measured w i t h respec t to the r e f e r e n c e va lues . The r e f e r ­
ents are equivalent to the o p t i m a l d imens ions recommended i n the data accumula ted by 
H a r v a r d School of Pub l ic Hea l th i n Tab le 1 . The m o c k - u p i n t e r i o r can, t h e r e f o r e , be 
a r r anged to meet the d imens iona l r equ i r emen t s of a l a rge range of body conf igu ra t ions 
and can f u n c t i o n a l l y s imu la t e the i n t e r i o r of c o m m e r c i a l v e h i c l e s . 

The degrees of d i m e n s i o n a l a d j u s t a b i l i t y of each component , r e l a t i v e to the s t e e r i n g 
whee l , a r e g iven i n Table 1 . 

Seat M e c h a n i s m 

The seat i s a 6-way power un i t wh ich was donated f o r the p r o j e c t by C h r y s l e r C o r ­
p o r a t i o n ( F i g s . 1 th rough 7) . The opera tor has c o n t r o l of seat pos i t ion w i t h i n ranges 
of 5 i n . l o n g i t u d i n a l l y , 2 i n . v e r t i c a l l y , and 15° r o t a t i o n about a t r ansve r se a x i s . 
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Figure 1, Steering wheel adjustabxlity relative to lowest forward position. 

T h i s e l e c t r i c a l l y - p o w e r e d un i t i s mounted on a p l a t f o r m that can be moved long i tud ina l ly 
and v e r t i c a l l y th rough ranges of 9 i n . and 6 i n . , r e s p e c t i v e l y . The p l a t f o r m i s e levated 
by a hand-operated pump h y d r a u l i c a l l y coupled to a power c y l i n d e r . The ra t e of descent 
of the p l a t f o r m i s c o n t r o l l e d by t h r o t t l i n g the high p re s su re f l u i d th rough a c o n t r o l v a l v e . 
Long i tud ina l movement i s p r o v i d e d manua l ly through a r a c k and p in ion t r a n s m i s s i o n . 
The seat p l a t f o r m r e s t s on b a l l bea r ing t r a c k s and i s d r i v e n f o r e o r a f t by c r a n k i n g the 
p in ion anchored to the s i m u l a t o r f r a m e . Th i s a r rangement p rov ides f o r coarse ad jus t ­
ments r e m o t e l y c o n t r o l l e d by the e x p e r i m e n t e r . F i g u r e 3 shows the seat p l a t f o r m 
elevated exposing the f i n e ad jus tment mechan i sm of the seat assembly . 

In s t rumen t Panel 

The v a r i a t i o n ex i s t i ng i n the i n s t rumen t panels of c o m m e r c i a l veh ic les i s ex tens ive . 
C o n f i g u r a t i o n , s i ze , angle, d i a l c l u s t e r s , and sw i t ch ing devices v a r y among manufac­
t u r e r s . The f u n c t i o n a l d i f f e r e n c e s among m a n u f a c t u r e r s to be accounted f o r i n the 
s i m u l a t o r a re the r e l a t i v e pos i t ions of i n s t r u m e n t panel components , a c c e s s i b i l i t y of 
c o n t r o l s , and the b iomechan ica l mode of man ipu la t ion . 

T r u c k s of s i m i l a r c l a s s i f i c a t i o n that a re produced by d i f f e r e n t m a n u f a c t u r e r s u t i l i z e 
un l ike i n s t r u m e n t panel e lements f o r r egu la t i ng the same c o n t r o l f u n c t i o n s . A s tock­
p i l e of d i a l s , swi tches , and gauges w e r e accumula ted . Interchangeable i n s t r u m e n t 
panels a re f a b r i c a t e d to dupl ica te as many c o m m e r c i a l veh ic le panels as necessary . 
F i g u r e 2 shows one i n s t r u m e n t panel layout as i t appears m the comple ted s i m u l a t o r . 

The f r a m e suppor t ing the i n s t r u m e n t panel has two degrees of f r e e d o m : (a) r o t a t i o n 
about a t r an sve r se ax is th rough 40° f r o m v e r t i c a l , and (b) 12 i n . l ong i tud ina l t r a n s l a t i o n . 
These mot ions a re t o w a r d o r away f r o m the ope ra to r . 

F l o o r - M o u n t e d Hand Con t ro l s 

The lack of s tandard iza t ion of hand b rake and s h i f t l eve r design and loca t ion among 
veh ic l e m a n u f a c t u r e r s i s compensated f o r in the s i m u l a t o r . 

Shi f t M e c h a n i s m . — The s h i f t mechan i sm p rov ides f o r in te rchangeab i l i ty of s h i f t 
l e v e r s and v a r i a t i o n i n ope ra t ing p o s i t i o n . A convent ional H - p a t t e r n def ines the geo­
m e t r i c path t r a v e r s e d by the l eve r knob d u r i n g a s h i f t sequence. The task r e q u i r e d of 
the subject i s to mampula te the l eve r i n a p r e s c r i b e d o r d e r to the t e r m i n a l points of 
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I 

Figure 2. F r o n t a l view of simulator i n t e ­
r i o r . 

Figure 3. L a t e r a l view of seat mechanism. 

the shifting pattern. A wide range of force factors are provided to tax the motor capac­
ity of the operator. 

The difficulty in manipulating this device is considered a function of the dimensional 
limits of lever displacement and the mechanical impedance of the lever but is not neces­
sarily a function of the number of shift poistions. Therefore, the four-position H-pat-
tern was adopted for simplicity. Further, the task required may be any number of 
movements through any of the possibilities offered by the H-pattern. A control for low 
and high range may be inserted when required on either lever or push-button form. 

Hand Brake.—A generalized mounting bracket designed to accommodate the brake : 
types may be positioned for operation at several alternative locations. Hand brakes ' 
have been classified according to four basic types of release mechanisms: (a) rabbit 
ear grip, (b) pistol grip, (c) button release, and (d) toggle. Specimens of each type 

TABLE 1 
SPATIAL DIMENSIONS OF CAB SIMULATOR 

Variable Range in Simulator^ 1956 Commercial 
Vehicle Variations 

Recommendations 
(1) 

Range Civilian Driver 
Body-Sizing Data 

fcstrument panel angle (**) 150 90 - 130 None None 
Seat depth (in,) K Min. 15.5 - 21.75 18 - 20 — 
Seat back height (in.) 22" Min. 17.5 - 21.0 18 - 20 20.8 - 26.4 Trunk Ht. 
Fore and aft seat adjustment (in.) 14 0.00 - 6.00 6.00 21.3 - 27.6 Knee Ht. Fore and aft seat adjustment (in.) 

19.3 - 26.0 Butt-Knee Lgth. 
Vertical seat adjustment (in.) 10 0.00 - 3.36 4.00 26.4 - 32.9 Norm. Sitting Vertical seat adjustment (in.) 

Eye Ht. Abdom. 
Seat back to lower edge of s/w 

horiz. distance (in.) 14 - 28 9.26 - 16.25 12 - 13 6.68 - 13.76 Depth 
Vertical distance floor to lower edge 

of s/w (in.) 20 - 38 20.5 - 27.00 24.5 Min. 19.3 - 26.0 Knee Ht. 
Height of seat above floor (in.) 12 - 30 13.5 - 17.75 15 Max. d 
Steering wheel angle ( ) 15 - 75 20.5 - 55.0 42.5 - 48.2 45. 5« 
Lower edge of s/w to brake pedal (in.) 18 - 35 19.25 - 30.5 26 Min. 19.3 - 26.3 Knee Ht. 
Lower edge of s/w to clutch pedal (in.) 18 - 35 17.0 - 27.6 26 Min. 19.3 - 26.0 Knee Ht. 

fuijiienslons of simulator r e l a t i v e to steering wheel f i x e d I n lowest-forward posit ion (see F i g . 1—s/w range). 
^Seat depth and seat back height may "be a l tered with cushions. 

Buttock-caLf distances not taken on commercial dr iver ser ies by McFarland et a l . ( l ) . Ccanparisons with group of males measured by 
Hooten i n "A Survey of Seating" show t h i s dimension w i l l approximate 17.5 i n . for the 5th percenti le d r i v e r . 

Sjot taken on commercial dr iver ser ies by McParland et a l . ( l ) . Canparisons with other groups indicate i t to be s l i g h t l y over 17.50 
i n . ( including shoes), suggesting a seat height of 16.50 i n , 

^Kephart and Dunlap ( 2 ) . . . . . 
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^1 

F i g u r e k. L a t e r a l view of foot pedal Fi g i i r e 5. F r o n t a l view of foot pedal 
arrangement. arrangement. 

have been accumulated. The force required for engaging and releasing levers can be 
altered by interchanging extension springs of varied force deflection ratios. 

Foot-Operated Controls 
The foot-operated controls in the simulator are (a) brake, (b) clutch, and (c) acceler­

ator. The clutch and brake elements are similar to one another in construction. Each 
unit consists of a pedal, shaft, and gimbaled bearing, supported by a carriage. The car­
riage is mounted in a frame allowing lateral displacement. The frame extends across 
the cab and forms an integral part of the toe pan at floor level. Various angular and 
longitudinal positions of the frame are made possible by locking clamps. This type ar­
rangement permits three degrees of freedom for the brake and clutch pedals independent 

Figure 6. L a t e r a l view of s t e e r i n g wheel 
mechanism. 

Figure F r o n t a l view of s t e e r i n g wheel 
mechanism. 



96 

Human 
Operator 

AiSinWzt 

Pursuit 
Display 

OsciUoscope 

AlSinWit 

A2SinW2t 

A3 SinWj t 

Control Loop 

A4SinW4t 

Steering 
Wheel 
Control 

Mechanism 

Servo 
Amplifier 

Load Loop 

Torque 
Motor Amplidyne 

Figure 8. Schematic diagram of tracking apparatus. 

of the f r a m e movements . The e n t i r e assembly may move m two degrees of f r e e d o m . 
A p e r f o r a t e d a l u m i n u m pla te fas tened to the f ace of the f r a m e serves two purposes : 

(a) i t p rov ides a backstop f o r pedal depress ion and (b) i t acts as a toe pan which def ines 
the f o r w a r d l i m i t of the below i n s t r u m e n t panel cab space. F i g u r e s 4 and 5 show the 
assembly w i t h the pedals and toe pan pla te r e m o v e d , to a l l ow be t te r v i e w i n g of the 
a s sembly . 

The c l u t c h , b r ake , and acce le ra to r pedals a re loaded w i t h in terchangeable sp r ings 
that can p r o v i d e a wide range of f o r c e f a c t o r s . D u r i n g depress ion of the b rake and 
c lu t ch the opera tor exper iences two d i s t i n c t phases. The i n i t i a l movement of the pedal 
i s opposed by l i g h t s p r i n g f o r c e w h i c h i s f o l l o w e d by r e l a t i v e l y heavy res i s t ance f o r the 
r e m a i n d e r of the s t r o k e . T h i s i s accompl i shed by a r r a n g i n g dua l sp r ings such that 
both a re compressed only a f t e r a p r e d e t e r m i n e d i nc r emen t of pedal m o t i o n . T h i s f e a ­
t u r e increases the r e a l i s m of pedal a c t i on . 

S teer ing Mechan i sm 

The s t e e r i n g whee l has th ree degrees of f r e e d o m . The shaf t may telescope 6 i n . , 
the e n t i r e assembly moves f o r e and a f t ove r a 1 2 - i n . range , and the whee l angle may 
be a l t e r e d f r o m 90 to 150° f r o m v e r t i c a l . 

The s t ee r ing whee l i s an 1 8 - i n . d i ame te r s tandard In t e rna t i ona l Ha rves t e r m o d e l . 
T o make the whee l angle v a r i a b l e a u n i v e r s a l j o i n t was i n s e r t e d in to the sha f t 8 m . 
f r o m the s t ee r ing w h e e l . T h i s a l l ows the s t e e r i n g whee l to be locked i n any of seven 
angular pos i t ions r ang ing between 90° and 1 5 0 ° . The mechan ica l a r rangement f o r 
l ock ing the s t ee r ing whee l i n these pos i t ions i s shown i n F i g u r e 6. 

A t r u s s - l i k e f r a m e suppor ts the s t e e r i n g assembly at an angle of 4 5 ° . T h i s i n c l i n a ­
t i o n of the s t ee r ing assembly approx imates the o p t i m u m va lue r ecommended by Kepha r t 
and Dunlap . The f r a m e and s t ee r ing assembly a re suppor ted w i t h i n the s i m u l a t o r by 
b a l l b ea r i ng r o l l e r s r u n n i n g on t r a c k s p laced on the s i m u l a t o r s u p e r - s t r u c t u r e . T h i s 
a l l ows the en t i r e s t ee r ing assembly to be moved f o r e and a f t th rough a range of 12 i n . 
F i g u r e s 6 and 7 show l a t e r a l and plane v i ews of the s t ee r ing appara tus . 
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The s t e e r i n g shaf t i s suppor ted by two s e i f - a l i g n i n g p i l l o w b locks mounted 14 i n . 
apa r t . The p i l l o w b locks a re at tached to a f r a m e w o r k , wh ich i s suppor ted on a x i a l 
t h r u s t bear ings runn ing i n l a t e r a l t r a c k s . By means of a r a c k and p in ion a r rangement 
the s t ee r ing un i t can be moved 6 i n . i n a d i r e c t i o n p a r a l l e l to the s t ee r ing s h a f t . T h i s 
ac t ion e f f e c t i v e l y telescopes o r extends the s t ee r ing whee l . 

The degrees of ad jus tment (the 6 - i n . te lescopic ac t ion of the s t ee r ing shaf t r e l a t i v e 
to the f r a m e , the 1 2 - i n . f o r e and a f t t r a n s l a t i o n , and the 60° f l e x u r e of the shaf t ) a r e 
s u f f i c i e n t to dupl ica te the s t ee r ing whee l o r i e n t a t i o n of ex i s t i ng c o m m e r c i a l v e h i c l e s . 

F o r c e f a c t o r s a re s i m u l a t e d by a torque m o t o r coupled to the s t e e r i i ^ sha f t . T h i s 
a l l ows s i m u l a t i o n of f o r c e s encountered i n ac tua l d r i v i n g s i tua t ions . The sys t em that 
regula tes the s t ee r ing dynamics cons is t s of s e v e r a l e l ec t romechan ica l t r ansduce r s 
housed m the s t ee r ing whee l assembly . These devices appear i n the l o w e r p a r t of 
F i g u r e 7. 

Mechan ica l d r i v e r a ids , designed f o r persons w i t h v a r i o u s degrees of p h y s i c a l handi ­
cap, have been donated by s e v e r a l m a n u f a c t u r e r s of t h i s type of equipment . The equip­
ment r epresen t s v a r i o u s designs of unknown e f f i c i e n c y and r e l i a b i l i t y . Each may be 
in s t a l l ed i n the s i m u l a t o r and tes ted against p e r f o r m a n c e wi thou t such equipment , o r 
against the o ther a l t e rna t ive des igns . 

E L E C T R O M E C H A N I C A L F E A T U R E S 

Eva lua t ion of opera tor p e r f o r m a n c e r e q u i r e s the measurement of (a) d i sp lacement , 
v e l o c i t y , and torque appl ied to the s t ee r ing wheel ; (b) f o r c e s appl ied to the b rake and 
c l u t c h pedals; and (c) response t i m e to comple te man ipu la t ive t a sks . Measurements 
a re made w i t h va r i ous e l ec t romechan ica l t r a n s d u c e r s . P o s i t i o n of the whee l i s meas ­
u r e d by a d i r e c t coupled po ten t iome te r . V e l o c i t y and d i r e c t i o n of r o t a t i o n i s p r o p o r ­
t i o n a l to the output of a DC tachometer genera to r . A p p l i e d to rque i s de t e rmined by a 
s t r a i n gage b r i d g e mounted between the s t ee r ing whee l and s h a f t . 

E l e c t r i c a l s igna ls f r o m the t r ansduce r s a re f e d in to a compu te r , ana lyze r , a n d / o r 
r e c o r d e r . 

The po ten t iomete r and tachometer genera tor a re d r i v e n by the s t ee r ing shaf t th rough 
a gear cha in . A set of change gears p r o v i d e s t e e r i n g sha f t - t o - t r ansduce r d isp lacement 
r a t i o s of 1:2, 1:1 , and 2 : 1 , mechan ica l ly a l t e r i n g the s e n s i t i v i t y of these e l emen t s . 

The instantaneous f o r c e s appl ied to b rake and c lu t ch pedals a r e measured by s t r a i n 
gage-equipped load c e l l s mounted d i r e c t l y beneath the pedal s u r f a c e . The load ce l l s 
measure app l i ed f o r c e as a f u n c t i o n of the output of a semiconduc tor s t r a i n gage bonded 
to a s t ee l d i a p h r a g m . The gage acts as one leg of a convent ional b r idge c i r c u i t that i s 
unbalanced when a f o r c e - i n d u c e d s t r a i n ex is t s i n the d i a p h r a g m . 

Response t i m e w i l l be r eco rded f o r a l l f o o t - and hand-operated dev ices . 
Man ipu l a t i on of these devices w i l l ac t ivate m i c r o s w i t c h e s connected to a 20-channel 

event r e c o r d e r . The s t i m u l u s s ignals a re also r e c o r d e d . 
A t w o - v a r i a b l e " p u r s u i t " d i sp lay i s used, one v a r i a b l e r ep re sen t ing the input (or 

d e s i r e d output) and the o ther r ep re sen t ing the ac tua l output of the s y s t e m . These v a r i a ­
bles a re d i sp layed on a dua l -beam osc i l loscope i n the f o r m of a dot ( target) and a l ine 
( in tegra ted ope ra to r output) . V i s u a l r ep resen ta t ion of the sum of f o u r nonharmonica l ly 
r e l a t e d s inusoids insures a r andom appear ing m o t i o n of the t a rge t dot . The opera to r 
responds by man ipu la t ing the s t ee r ing whee l wh ich moves the v e r t i c a l l ine at a r a t e 
p r o p o r t i o n a l to the s t ee r ing whee l d i sp lacement . 

The t r a c k i n g sys tem devised f o r the l a b o r a t o r y i s shown i n F i g u r e 8. De ta i l ed i n ­
f o r m a t i o n conce rn ing the t r a c k i n g sys t em w i l l be ava i lab le i n f u t u r e pub l i ca t i ons . 

S imula ted i n e r t i a , s t i f f n e s s , and damping ( input impedance) of the s t ee r ing sys t em 
a re c o n t r o l l e d by the to rque m o t o r . Power i s obtained f r o m a s e r v o - a m p l i f i e r and 
ampl idyne . The output f r o m the po ten t iomete r and tachometer a re the inputs to the 
s e r v o - a m p l i f i e r . S imula ted impedance can be v a r i e d by a l t e r i n g coe f f i c i en t s of the 
s e r v o - a m p l i f i e r . 

To s imu la t e g rea t e r s t e e r ing whee l impedance than the to rque m o t o r can produce , 
a mechan ica l sy s t em of sp r ings and weigh t s -has been added. Despi te a s l i g h t loss of 
f l e x i b i l i t y the resu l t an t combined mechan ica l and e l e c t r i c a l sy s t em p rov ides g rea t e r 
range and accuracy of sy s t em response . 
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Figure 9. Schematic diagram of computation system for derivation of operator describing 
function. 

A v a r i e t y of d i s tu rbances can be supe r imposed on the to rque m o t o r input to s imu la t e 
s t e e r i n g whee l s h i m m y o r sudden whee l d i sp lacement . The opera to r can be made to 
exper ience k ines the t ic s t i m u l i c h a r a c t e r i s t i c of adverse r o a d cond i t ions , b lowouts , 
and /o r m i s a l i g n e d o r unbalanced whee l s . 

D A T A C O M P U T A T I O N 

The d e s c r i p t i o n of human continuous c o n t r o l p e r f o r m a n c e i n s e rvomechan i sm t e r m i ­
nology has p roven to be a p o w e r f u l me thodo log ica l technique. Consequently, t i m e - v a r y ­
ing m a t h e m a t i c a l - d e s c r i b i n g func t ions are cont inuously computed f r o m the t r a c k i n g data . 
In add i t ion , convent ional " e r r o r " scores w i l l be computed . The combina t ion of these 
p e r f o r m a n c e measures w i l l e m p i r i c a l l y def ine the o p e r a t o r ' s t r a c k i n g behav io r . 

The e lec t ron ic computa t ion sys t em developed f o r the d e r i v a t i o n of opera to r d e s c r i b ­
ing func t ions i s a m o d i f i c a t i o n and e labora t ion of Sher idan 's apparatus w h i c h u t i l i z e s 
the o r thogona l input m u l t i p l i c a t i o n me thod . A de ta i led d e s c r i p t i o n of the theory and 
techniques associa ted w i t h th i s me thod i s ava i l ab le i n pub l ica t ions by Sheridan (3) and 
B r i g g s (4) . F i g u r e 9 shows the e l ec t ron ic sy s t em used i n the s i m u l a t o r . 

In p r i n c i p l e , the output s ignals of the s t e e r i i ^ shaf t po ten t iomete r a re m u l t i p l i e d by 
sine and cosine func t ions co r re spond ing to the f r equency components of the t r a c k i n g 
d i sp lay t a r g e t . These products a re then f e d th rough a low-pass f i l t e r . The output of 
the low-pass f i l t e r i s c o m p r i s e d of the o r thogona l components of a vec to r w h i c h i n t u r n 
spec i f i e s the opera tor gain and phase c h a r a c t e r i s t i c s f o r each f r e q u e n c y . These p e r ­
f o r m a n c e pa r ame te r s a re cont inuously r e c o r d e d and may be convenient ly r ep resen ted 
by a Nyquis t o r Bode d i a g r a m . 

Standard s t a t i s t i c a l techniques a re used to compare d r i v e r p e r f o r m a n c e among i n d i ­
v i d u a l subjec ts and between c o n t r o l and e x p e r i m e n t a l groups under equivalent task c o m ­
p l e x i t y . D i g i t a l compu te r s a re used f o r the m a t h e m a t i c a l analyses . 
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ACCESSORY E Q U I P M E N T 

A d d i t i o n a l equipment u s e f u l i n veh ic l e opera tor r e s e a r c h p r o j e c t s i s inc luded i n 
t h i s sec t ion of the r e p o r t : 

T o r q u e - M e a s u r i n g Steer ing Appara tus 

A second s t ee r ing whee l and shaf t assembly w i l l be mounted on the r i g h t s ide of the 
ope ra to r ' s cockp i t . T h i s assembly w i l l be r i g i d l y anchored at the f a r end of the shaf t 
on w h i c h i s a f f i x e d a t r ansduce r . Thus , torque appl ied to the whee l can be d i r e c t l y 
measured by sending the t ransducer output to a to rque me te r w h i c h can be r ead d i r e c t l y . 
T h i s apparatus was cons t ruc ted because i t was f e l t that an i n i t i a l es t imate of at least 
m a x i m u m , t r ans ien t , human upper e x t r e m i t y output was necessary as a s t r eng th -o f -
response r e f e r e n t . The t o r q u e - m e a s u r i n g s t ee r ing wheel i s to be p laced i n the cab 
m e r e l y as an e x p e r i m e n t a l convenience. 

Enc losure and Shielding 

C e r t a i n s tudies w i l l r e q u i r e c o n t r o l ove r a wiue range of env i ronmen ta l f a c t o r s such 
as t e m p e r a t u r e , noise, i l l u m i n a t i o n , i n t e r f e r e n c e f r o m s t r ay e l e c t r i c a l f i e l d s and 
s t a t i c , and genera l movement of pe r sonne l i n and around the e j f p e r i m e n t a l s i t ua t ion . 
T o c o n t r o l these k inds of va r i ab l e s at leas t p a r t i a l l y , the en t i r e mechan ica l apparatus 
i s encased i n detachable p lywood panels , i n t u r n sh ie lded w i t h ove r l app ing a l u m i n u m 
sc reens . These precaut ions alone extend the range of po ten t i a l use of the e x p e r i m e n t a l 
f a c i l i t y . 

Research V e h i c l e 

Genera l M o t o r s C o r p o r a t i o n has loaned f o r an inde f in i t e p e r i o d a Chevrole t s t a t ion 
wagon. Th i s has been i n s t rumen ted to enable measu r ing responses to the s t ee r ing 
w h e e l , and to b r ake , c l u t c h , and acce le ra to r pedals . The re i s a spec ia l detachable 
s t ee r ing whee l that can be c lamped in to p o s i t i o n that a l lows m e a s u r i n g t o rque . A l l 
data a re r e c o r d e d w i t h a M n e m o t r o n tape r e c o r d e r . The tape data a re then f i l t e r e d 
t h rough channel se l ec to r s , a m p l i f i e d , and r e c o r d e d on continuous graph paper as v i s i ­
b l e . T h i s equipment p e r m i t s b r i d g i n g the gap between l a b o r a t o r y and " r e a l w o r l d " 
s tudies , at least to a degree . 

A u x i l i a r y Equipment 

C e r t a i n c o m m e r c i a l components w e r e donated to the p r o j e c t by C h r y s l e r C o r p o r a t i o n , 
In t e rna t iona l Harves t e r Company, and M a c k T r u c k s , Inc . I n add i t ion , m a n u f a c t u r e r s 
of handicapped d r i v e r aids who have donated t h e i r equipment f o r r e s e a r c h a re as f o l l o w s : 

B rake Center , I n c . , Long I s land C i t y , N . Y . 
Car Hand Con t ro l s , Gar land , T e x . 
D r i v e M a s t e r C o r p o r a t i o n , M o n t c l a i r , N . J . 
Gresham D r i v i n g A i d s , D e t r o i t , M i c h . 
Hol land P o r t e r , N o r t h Long Beach, C a l i f . 
Kroepke M a n u f a c t u r i n g Company, New Y o r k , N . Y . 
Leverage Hand-Brake Company, F a r g o , N . D . 

(donated two mode ls , opera t ing on two d i f f e r e n t p r i n c i p l e s ) 
O ldsmob i l e , Lans ing , M i c h . 
S i m d r i c o C o r p o r a t i o n , L o u i s v i l l e , K y . 
W e l l s - E n g b e r g Company, R o c k f o r d , 111. 

S U M M A R Y 

The s i m u l a t o r m a y be cons ide red a g e n e r a l human opera to r c o n t r o l l a b o r a t o r y . W i t h 
m i n o r m o d i f i c a t i o n s the apparatus can be made to accommodate a wide v a r i e t y of t e chn i ­
c a l human f a c t o r s r e s e a r c h p r o b l e m s . Studies need not be l i m i t e d to veh i cu l a r c o n t r o l 
r e s e a r c h , bu t may be designed t o encompass a l a r g e a rea of the psychomotor and b i o -
mechan ica l behavior of the human o p e r a t o r . 
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The p r o j e c t engineers who have designed and cons t ruc ted the s i m u l a t o r a re Donald 
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