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ABSTRACT 

T h i s  r e p o r t  d e s c r i b e s  t h e  d e s i g n ,  performance, and o p e r a t i o n  

of a  d r i v i n g  s i m u l a t o r  f o r  use  i n  v e h i c l e  r e a r  l i g h t i n g  and 

r e l a t e d  s t u d i e s .  The r e s u l t s  of two s i m u l a t o r  v a l i d a t i o n  s t u d i e s  

a r e  a l s o  d e s c r i b e d .  

The purpose of t h e  s i m u l a t i o n  was t o  r e p r e s e n t  a  s t r a i g h t ,  

two-lane road w i t h  a  l e a d  v e h i c l e  i n  t h e  l a n e  be ing d r i v e n .  The 

t e s t  s u b j e c t  has a c c e l e r a t o r  and brake  c o n t r o l s  o n l y ,  s t e e r i n g  

n o t  be ing  provided.  ca r - fo l lowing  t a s k s  o r  o v e r t a k i n g  wi thou t  

p a s s i n g  can be s imula ted ,  i n  day o r  n i g h t  d r i v i n g  c o n d i t i o n s .  

~ p p r o x i m a t i o n s  t o  r e a r  v e h i c l e  a c c e l e r a t i o n  and b rak ing  dynamics 

a r e  used.  S c a l i n g  and c o n t r o l  of  lamp i n t e n s i t y  and c o l o r  i s  

achieved,  w i t h  f l e x i b i l i t y  i n  va ry ing  r e a r  l i g h t i n g  system 

d i s p l a y  and o p e r a t i o n a l  c h a r a c t e r i s t i c s .  Lead c a r  speed and 

s i g n a l i n g  can be  c o n t r o l l e d  manually o r  by magnetic  t a p e  r e c o r d s .  

The l a t t e r  reproduces  t h e  speed-time h i s t o r y  and s i g n a l  ac tua-  

t i o n s  from a r e a l  v e h i c l e  under t h e  highway and t r a f f i c  c o n d i t i o n s  

e x i s t i n g  when t h e  r e c o r d i n g s  were made. A d i g i t a l  computer i n t e r -  

f a c e  p rov ides  system c o n t r o l ,  s t o r a g e  of  r e a r  l i g h t i n g  systems,  

and r e a l  t ime d a t a  a c q u i s i t i o n  and a n a l y s i s .  
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PART I : SIMULATOR DESIGN AND OPERATING CHARACTERISTICS 

GENERAL DESCRIPTION 

A schematic  drawing and block diagram of  t h e  HSRI Rear 

L i g h t i n g  S imula to r  (RLS) i s  shown i n  F igure  1, The roadway and 

l e a d  c a r  a r e  s imula ted  t o  1 /12 th  s c a l e .  A cont inuous  loop  

rubber i zed  conveyor b e l t  i s  used t o  s imula te  j u s t  ove r  6 0 0  f e e t  

of s t r a i g h t  and l e v e l  two-lane roadway ( ~ i g u r e  2 ) .  The b e l t ,  

v e l o c i t y  i s  equa l  t o  t h e  s imula ted  fo l lowing-car  v e l o c i t y  and i s  

c o n t r o l l e d  by t h e  s u b j e c t  w i t h  a c c e l e r a t o r  and brake  peda l s .  

A c c e l e r a t o r  d isp lacement  and brake  pedal  f o r c e  a r e  conver ted  t o  

e l e c t r i c a l  s i g n a l s  and a p p l i e d  a s  i n p u t s  t o  a v e h i c l e  dynamics s i m -  

u l a t o r ,  p rovided  by a  s p e c i a l  purpose ana log  computer c i r c u i t  

which can be programmed t o  s i m u l a t e  a  v a r i e t y  of v e h i c l e  dynamic 

c h a r a c t e r i s t i c s .  The o u t p u t  of t h e  dynamics s i m u l a t o r  i s  t h e  

v e l o c i t y  command s i g n a l  t o  a  high to rque  v e l o c i t y  s e r v o  which 

d r i v e s  t h e  b e l t  a t  a  v e l o c i t y  p r o p o r t i o n a l  t o  t h e  command s i g n a l  

and e q u a l  t o  t h e  s imula ted  fo l lowing-car  v e l o c i t y ,  Sea ted  a t  

one end of t h e  s i m u l a t o r  t h e  s u b j e c t  observes  t h e  road  and t h e  

r e a r  of t h e  l e a d  c a r  model through a view p o r t  a c r o s s  a  simu- 

l a t e d  c a r  hood ( ~ i g u r e  3 ) .  The shape and s i z e  of  t h e  view p o r t  

i s  made t o  g i v e  t h e  impress ion  of looking  through a v e h i c l e  

windsh ie ld .  S ince  b i n o c u l a r  v i s i o n  a i d s  i n  range d i sc r imina -  

t i o n  a t  d i s t a n c e s  of l e s s  than  about  50 f e e t ,  which i s  r ep re -  

s e n t e d  by about  f o u r  f e e t  on t h e  s i m u l a t o r ,  a  p a t c h  i s  p laced  

over  one of  t h e  s u b j e c t ' s  eyes  t o  e l i m i n a t e  b i n o c u l a r  cues  i n  

t h e  s i m u l a t o r .  

Con t ro l  of t h e  l e a d  c a r  v e l o c i t y  and t h e  i n i t i a t i o n  of  

s i g n a l s ,  such a s  brake  and t u r n  s i g n a l s ,  o r i g i n a t e  from a  s t o r e d  

program magnet ic  t a p e .  This  program has  an ana log  vol tage- t ime 

h i s t o r y  of  t h e  d e s i r e d  l e a d  c a r  v e l o c i t y  on one channel ,  and 

b i n a r y  (ON/OFF) t ime h i s t o r i e s  of t h e  a c c e l e r a t o r ,  b rake ,  and 
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l e f t / r i g h t  t u r n  s i g n a l s  on f o u r  o t h e r  c h a n n e l s .  I t  i s  g e n e r a t e d  

by d r i v i n g  on r e a l  r o a d s  1.n an i n s t r u m e n t e d  v e h i c l e .  Thus,  t h e  

s t o r e d  program c o n t a i n s  a  v e l o c i t y  p r o f i l e  w i t h  r e a l i s t i c  v e h i c l e  

aynamic c h a r a c t e r i s t i c s  and r e a l i s t i c  r e l a t i o n s h i p s  between 

v e l o c i t y  changes  and t h e  o c c u r r e n c e  o f  c o a s t i n g ,  b r a k e ,  and t u r n  

s i g n a l s ,  e t c .  A number o f  d i f f e r e n t  programs can  be  s t o r e d  and 

z:-;en p l ayed  back f o r  t h e  same s u b j e c t  o r  f o r  d i f f e r e n t  s u b j e c t s .  

The model c a r  r o l l s  on i t s  own whee l s  on t h e  b e l t  and f o l l o w s  

t h e  p s i t i o n  of  a  s l e d ,  moving below t h e  b e l t ,  by a c t i o n  o f  mag- 

n e t l c  a t t r a c t i o n  between s t ee l  p l a t e s  on t h e  bo t tom of  t h e  c a r  

and s t r o n g  permanent  magnets on t h e  s l e d .  A p o s i t i o n  s e r v o  

c o n t r o l s  t h e  movement o f  t h e  magnet s l e d  below t h e  b e l t  t h r o u g h  

a  s p r o c k e t / c h a i n  d r i v e .  The p o s i t i o n  o f  t h e  model c a r  ( l e a d  c a r )  

on t h e  roadway b e l t  r e l a t i v e  t o  t h e  s u b j e c t  i s  e q u a l  t o  t h e  simu- 

l a t e d  headway between t h e  l e a d  and f o l l o w i n g  v e h i c l e s .  

Xeadway between two v e h i c l e s  t r a v e l i n g  c o l i n e a r  p a t h s  i s  

e q u a l  t o  t h e  i n i t i a l  headway p l u s  t h e  t i m e  i n t e g r a l  o f  t h e i r  

v e l o c i t y  d i f f e r e n c e .  Thus,  t h e  p o s i t i o n  command s i g n a l  f o r  t h e  

p o s i t i o n  s e r v o  i s  g e n e r a t e d  by i n t e g r a t i n g  t h e  d i f f e r e n c e  between 

t h e  programmed l e a d  c a r  v e l o c i t y  s i g n a l  and t h e  f o l l o w i n g  c a r  

v e l o c i t y  s i g n a l  d e r i v e d  from t h e  b e l t  v e l o c i t y  s e r v o  f eedback  

t a c h o m e t e r ,  

The model c a r  l i g h t i n g  c o n t r o l  sys t em d e s i g n  p r o v i d e s  f o r  

i n d i v i d u a l  c o n t r o l  o f  i n t e n s i t y  and t h e  on-of f  c y c l e  of up t o  16 

lamps on t h e  l e a d  c a r .  ~ i g i t a l  c o n t r o l  s i g n a l s  g e n e r a t e d  i n  

t h e  IBM-1800 d i c i t a l  computer  a r e  t r a n s m i t t e d  th rough  t h e  road-  

way b e l t  t o  t h e  model c a r  on a  l o  MHz c a r r i e r  v i a  a  c o a x i a l  

c a b l e ,  a t r a n s m i t t i n g  c o i l  a n t e n n a  mounted on t h e  magnet s l e d  

( F i g u r e  4 )  and a  r e c e i v i n g  c o i l  a n t e n n a  mounted on t h e  model 

c a r  c l l a s s i s .  The c o a x i a l  c a b l e  i s  p l a y e d  o u t  and t a k e n  up a s  

t h e  magnet s l e d  moves a long  t h e  s i m u l a t o r  t a b l e  by t h e  r ee l  

mechanism shown i n  F i g u r e  5 .  The d i g i t a l  s i g n a l s  t r a n s m i t t e t i  







into the model car are decoded by logic circuits which control 

the appropriate lamps through transistor lamp drivers. Computer 

output of the appropriate control signals for stop and turn 

signals are initiated through the computer interface circuits by 

the corresponding program tape output control signals. Lamps 

on the rear of the model car are mounted in a machined aluminum 

block along with focusing lenses. The machined block can be 

easily removed and replaced with others with different lamp 

arrangements (Figure 6). Lamp color is changed by clipping a 

color filter plate holding the desired color filter for each 

lamp over the back of the aluminum block. 

In addition to the rear lighting control function described 

above the computer can be used on line for data collection and 

data reduction. For this purpose several data lines run from 

the simulator to the digital computer. Two digital input lines 

carry binary (ON/OFF) data from two subject response switches 

located at the subject station in the simulator. With these 

data the computer can measure, record, and accumulate subject 

response times after the onset of various light signals given 

on the lead car lighting and signaling system. Analog data 

lines carry the following data to the computer analog to digital 

converter (ADC) input terminals: lead car velocity (VL), lead 

car acceleration (AL), following car velocity ( v ~ ) ,  following 

car acceleration (AF) , headway (H) , relative velocity (VR) , and 
- 

relative acceleration (A*). Sampling, analog to digital conver- 

sion and storage of these data are under digital computer control. 

Through computer programming a variety of data sampling procedures 

can be implemented. For example, the analog lines could be 

sampled at discrete intervals and the data stored on magnetic 

tape giving a time history of the signals which can be analyzed 

to provide various plots and tables to show the subject's per- 





formance after a simulator run is completed; or data samples 

could be initiated onl!; 6t certain times of special interest, 

such as when lead car coasting starts or lead car braking starts 

and when the subject responds to an observed change in headway 

or to the lead car's stop signal. Functional parameters of the 

simulator are given In Table 1. 

Control and monitoring of the simulator and remote prograpl- 

ning of the computer are handled by the operator through two 

control panels shown in Figure 7 (overall veiw of operator's 

station). All circuitry for control, calibration, simulator and 

computer interfacing, remote computer programming, etc. are 

contained on pluy-jn circuit cards in the chassis behind these 

control panels. Lighted pushbutton switches are used extensively 

to provide the operator with status and operation mode informa- 

tion, Most of the lamps on the computer remote programming panel 

are controlled by the computer through digital control lines. 

OPERATOR CONTROL AND MONITORING CONSOLE. The simulator run 

or trial duration time can be controlled automatically or manualiy. 

These controls are in the upper left-hand corner of the control 

panel (Figure 8 - close up of simulator operator control panel). 
Alternate actuations of the AUTO switch, switches the system 

between automatic and manual modes. The trial starts when the 

operator actuates the START switch. In the automatic mode the 

trial stops when the timer completes its preset timing cycle 

which can be set anywhere from 30 seconds to 15 minutes. In the 

manual mode the trial continues until the operator actuates the 

STOP switch. The actual trial duration is recorded on the 

digital clock in minutes and seconds. The lead car rear lighting 

and signals, and computer data collection are enabled only 

during the trial "on" period. 

Five illuminated pushbutton switches and two panel lamps 



TABLE 1. Rear Lighting Simulator Functional Parameters. 







a t  l e f t  c e n t e r  o f  t h e  p a n e l  a r e  remote c o n t r o l s  and i n d i c a t o r s  

f o r  t h e  program t a p e  reproduce  machine whlch i s  l o c a t e d  about  

1 0 0  f e e t  from t h e  s i m u l a t o r  i n  t h e  computer room. The o p e r a t o r  

has  remote c o n t r o l  of  f i v e  t a p e  r ep roduce  machine modes: s t o p ,  
forward ,  r e v e r s e ,  f a s t  fo rward ,  and f a s t  r e v e r s e .  One i n d i c a t o r  

lamp shows t h e  o p e r a t o r  t h a t  t h e  t a p e  r ep roduce  speed i s  se t  

c o r r e c t l y  t o  18 i n c h e s  p e r  second and t h e  second shows t h e  oper -  

a t o r  when t h e  t a p e  reproduce  speed s e r v o  i s  i n  s y n c h r o n i z a t i o n  

f o r  p r o p e r  d a t a  r e p r o d u c t i o n  i n  t h e  forward mode. Program num- 

b e r  and t a p e  foo tage  a r e  r eco rded  on t h e  magnet ic  t a p e  v o i c e  

t r a c k  and reproduced on a  s p e a k e r  below t h e  c o n t r o l  p a n e l  s o  t h a t  

t h e  o p e r a t o r  can  l o c a t e  any p o i n t  d e s i r e d  on t h e  t a p e .  

The swi t ches  a t  t h e  l e f t  bot tom of  t h e  c o n t r o l  p a n e l  a r e  

prime power on/off and s e r v o  a m p l i f i e r  power on /of f  c o n t r o l s ,  

The l e f t  meter  ( s e r v o  e r r o r  me te r )  and t h e  c o n t r o l s  imme- 

d i a t e l y  above and d i r e c t l y  below t h i s  meter a r e  b e l t  v e l o c i t y  

s e r v o  and model c a r  p o s i t i o n  s e r v o  c o n t r o l s .  

I n  t h e  c a s e  of  t h e  v e l o c i t y  s e r v o  t h e r e  i s  o n l y  a  v e l o c i t y  

s e r v o  ON/OFF l i g h t e d  pushbut ton  s w i t c h ,  b u t  t h e  p o s i t i o n  s e r v o  

c o n t r o l s  and i n d i c a t o r  r equ i r emen t s  a r e  more demanding i n  o r d e r  

t o  keep t h e  model c a r  under  c o n t r o l .  Four i n t e r l o c k e d ,  l i g h t e d  

pushbut ton  s w i t c h e s  p l u s  a  momentary pushbu t ton  ON s w i t c h  con- 

t r o l  and t h e  p o s i t i o n  s e r v o  o p e r a t i n g  mode. Bes ides  ON and OFF 

t h e  modes a r e  o p e r a t e  (OP s w i t c h ) ,  i n i t i a l  c o n d i t i o n  (IC s w i t c h )  

and hold  (HOLD s w i t c h ) .  When t h e  p o s i t i o n  s e r v o  i s  t u r n e d  o n ,  

t h e  s e r v o  e r r o r ,  i . e . ,  t h e  d i f f e r e n c e  between t h e  p o s i t i o n  com- 

mand and t h e  actual p o s i t i o n  of  t h e  model c a r ,  must be  n e a r  z e r o  

o r  t h e  magnet s l e d  w i l l  a c c e l e r a t e  r a p i d l y  toward t h e  commanded 

p o s i t i o n  and p o s s i b l y  throw t h e  model c a r  l o o s e  from t h e  ho ld  

of  t h e  magnets. Thus, a f t e r  t u r n i n g  on system power t h e  o p e r a t o r  

swi t ches  t o  t h e  I C  mode, a d j u s t s  t h e  p o s i t i o n  command w i t h  t h e  

I C  p o t e n t i o m e t e r  l o c a t e d  j u s t  above t h e  s e r v o  e r r o r  me te r  t o  



o b t a i n  approximate ly  zero  e r r o r  i n d i c a t i o n  on t h e  m e t e r ,  and then  

pushes t h e  p o s i t i o n  se rvo  ON swi tch  t o  a c t u a t e  t h e  p o s i t i o n  s e r v o ,  

With t h e  p o s i t i o n  se rvo  O N  t h e  o p e r a t o r  can p o s i t i o n  t h e  model 

c a r  t o  a  s t a r t i n g  p o s i t i o n  anywhere a long t h e  s i m u l a t e d  roa.dway 

wi th  t h e  I C  p0tent iomete.r .  

F ive  meters  i n  t h e  c e n t e r  of t h e  c o n t r o l  p a n e l  g i v e  t h e  

o p e r a t o r  a  cont inuous  i n d i c a t i o n  of l e a d  c a r  v e l o c i t y  command 

(V ) , l e a d  c a r  v e l o c i t y  ( v ~ )  , headway ( H I ,  r e l a t i v e  v e l o c i t y  
LC 

(V -V ) , and fo l lowing c a r  v e l o c i t y  ( V F ) .  Both l e a d  c a r  v e l o c i t y  
F L 

comiand and l e a d  c a r  v e l o c i t y ,  t h e  l a t t e r  o b t a i n e d  from t h e  ~ o s i -  

t i o n  se rvo  feedback tachometer ,  a r e  d i s p l a y e d  s o  t h e  o p e r a t o r  can 

s e e  t h a t  t h e  s imula ted  v e l o c i t y  i s  indeed a  r e p r o d u c t i o n  of  t h e  

recorded  program v e l o c i t y .  

The c o n t r o l s  immediately below t h e  mete r s  a l low t h e  opera-  

t o r  t o  s e l e c t  MANual o r  PROGram c o n t r o l  of t h e  s i m u l a t o r .  I n  t h e  

manual c o n t r o l  mode t h e  o p e r a t o r  c o n t r o l s  t h e  l e a d  c a r  v e l o c i t y  

command and/or  t h e  fo l lowing  c a r  v e l o c i t y  command w i t h  t h e  poten-  

t i o m e t e r s  on t h e  c o n t r o l  pane l .  I n  t h e  program mode v e l o c i t y  

commands a r e  d e r i v e d  from t h e  program t a p e  and from t h e  s u b j e c t  

c o n t r o l s .  I n  e i t h e r  mode, b e f o r e  swi tch ing  t h e  p o s i t i o n  s e r v o  

system from IC t o  OP, t h e  o p e r a t o r  must check t h a t  t h e  l e a d  and 

fo l lowing  c a r  v e l o c i t y  commands a r e  about  e q u a l  o r  bo th  z e r o  a s  

i n d i c a t e d  on t h e  mete r s .  I n  t h e  manual mode t h e  o p e r a t o r  accom- 

p l i s h e s  t h i s  by a d j u s t i n g  t h e  manual v e l o c i t y  c o n t r o l s  t o  o b t a i n  

e q u a l  r e a d i n g s  on t h e  l e a d  c a r  v e l o c i t y  command meter  and fo l low-  

i n g  c a r  v e l o c i t y  meter  o r  by t u r n i n g  b o t h  c o n t r o l s  f u l l  coun te r -  

c lockwise  t o  zero .  I n  t h e  program mode t h e  s u b j e c  

v i a  an in tercom t o  main ta in  ze ro  fo l lowing  c a r  v e l  

whi le  t h e  o p e r a t o r  r u n s  t h e  program t a p e  t o  t h e  s t  

gram and s t a r t s  t h e  t a p e .  The s t a r t  of each s t o r e  

t a i n s  a  s e c t i o n  of ze ro  l e a d  c a r  v e l o c i t y  command 

t ime t h e  o p e r a t o r  swi tches  t o  t h e  Opera te  mode. 

o c i t y  

dur ing  

nst:ruc t e d  

( b r a k e  on) 

a  pro-  

' r a n  con- 

which 



The position servo HOLD mode is designed primarily to pro- 

tect the simulator if the subject does not maintain reasonable 

relative velocity (model car velocity) between the lead and 

following cars particularly near the ends of the simulator table. 

If the relative velocity exceeds a preset threshold, which is 

40 mph (simulated) over the central 44 feet of the table and 

decreases linearly to zero mph in the last five feet at either 

end of the table, the position servo automatically switches to 

HOLD and the model car is brought to a controlled (4G1s simulated) 

stop, The model is held at the stop position until the subject 

brings the relative velocity back into a safe region. If desired 

the operator can switch the position servo to hold manually by 

pushing the HOLD switch, in which case the Operate switch must 

be pressed again to return to the operate mode. 

LIGHTING SYSTEM MONITOR DISPLAY. An interchangeable panel 

at the top center of the control panel contains a lamp array 

identical to the array on the rear of the model car providing 

the operator with a continuous display of the lead car lighting 

and signaling. The lamps in this display are controlled by 

decoding and lamp driver circuits identical to those in the model 

car. System errors generated before the decoder circuitry, will 

appear on the operator's lead car lighting display as well as on 

the model car and may be detected by the operator. 

DRIVER REACTION TIMERS AND ACCELERATOR/BRAKE APPLICATION 

COUNTERS. Two 0-99.99 seconds timers located in the upper 

right corner of the control panel may be used by the operator to 

collect subject response time data independently of the digital 

computer. One timer displays subject response time to brake 

signals and the other displays subject response time to left or 

right turn signals. The timers clear automatically at the start 

of each trial when the operator actuates the trial start button. 



After recording a response time reading the operator can clear 

the response timers or the response time can be left to accumu- 

late giving the total response time for the complete trial. I£ 

the subject fails to respond the timer may be stopped by the 

operator with the switches just below the timers. 

Three lighted pushbutton switches just below the response 

timers may be used by the operator to generate stop, left and 

right turn signals independently of the program tape. .Uternate 

actuations of the switches turn the signals on and off, The 

switches remain lighted while the corresponding stop or turn sig- 

nal is on, either from manual or program tape actuation of the 

signal. 

Two three-digit counters in the lower right corner of the 

control panel accumulate counts of the subject's accelerator and 

brake pedal applications. The indicator lamps at the left of 

each counter are lighted while the accelerator or brake pedal is 

actuated by the subject. The brake on indicator lamp is also an 

alternate action switch which, when actuated by the operator, 

overrides the subject's brake control and applies a constant 

braking deceleration of about 0.4G to the roadway belt bringing 

the belt to a controlled stop. 

COMPUTER REMOTE PROGRAMMING CONSOLE. Communication from the 

RbS operator to the digital computer is carried on via the vari- 

ous switches and controls on the computer remote programming 

control panel (Figure 9), and communication from the computer to 

the RLS operator is via the indicator lamps and lighted switches 

on the panel. The range of communications and the communication 

lines are preset through computer software (programming) and 

computer interface wiring. 

BY means of the remote programming console the operator can 

program new rear lighting and signaling patterns or call out pro- 





grams previously designated and stored in the computer. Any one 

or more of fourteen lamps numbered 0-13 on the rear of the moiiel 

may be assigned one or more of the available functions, i.e, 

presence light, stop light, etc. Lamps fourteen and fifteen are 

wired as headlamps. Four functions presently available in th, 

computer software are: presence lamp, stop lamp, left turi-, lai-F, 

and rlght turn lamp. Each function is assigned a number and caK 

be called by placing ihis number on the FUNCTION N0,thumbwell 

switch in the upper left corner of the program panel and pressir.~ 

the W A D  FUNCTION switch below the thumbwell switch. The lamps 

assigned a designated function are selected by placing the appro- 

priate toggle switches, at the top left of the console, in the 

up position before pressing the READ FUNCTION switch, After 

receiving this information the computer extinguishes the READ 

FUNCTION light and lights the READ VALUE and SET VALUE lamps. 

Each function has one or more parameter values, i.e. intensity, 

turn signal on and off times (flashing cycle), etc, The operator 

enters the parameter value on the DIGITAL VALUE thumbwell switchss 

and presses the IWAD VALUE switch to enter the parameter value in 

the computer. When all parameter values for a given function 

have been entered, the computer relights the R3AD FUNCTION lisht 

and the operator repeacs the procedure for all functions required. 

Any errors in the program sequence will be detected by the com- 

puter and signaled to the operator on the ERROR light at the left 

side of the panel. 

In some cases values can be entered in the computer via the 

analog value potentiometer, in which case the split face, alter- 

nate action DIGITAL/ANALOG switch in the center of the panel is 

pressed to light the ANALOG section of the illuminated switch 

plate, and the value is set on the analog value dial. 

When the operator has completed a program it may be stored 

for future recall by placing the PKOGRAM STORE/CALL switch to 



STORE, s e t t i n g  t h e  FUNCTION NO. swi tch  t o  any number between 81 

and 9 8 ,  and p r e s s i n g  t h e  READ FUNCTION switch.  To r e c a l l  t h e  

program t h e  program number i s  s e t  on t h e  FUNCTION NO. swi tch ,  

t h e  PROGRAM STORE/CALL swi tch  i s  set  t o  CALL and t h e  READ FUNCTION 

swi tch  i s  pressed .  A change from one s t o r e d  program t o  ano the r  

can be made i n  about 60 seconds. A new program can be s e t  up and 

s t o r e d  i n  about  f i v e  minutes.  

From t h e  above d i s c u s s i o n  it w i l l  be noted  t h a t  t h e  computer 

i s  used i n  two modes of o p e r a t i o n ,  a  program (PROG) mode i n  which 

t h e  o p e r a t o r  s e t s  up t h e  l i g h t i n g  p a t t e r n  d e s i r e d  and an a c q u i s i -  

t i o n  and c o n t r o l  (AcQ/CONT) mode i n  which t h e  computer a c q u i r e s  

d a t a  and c o n t r o l s  t h e  l e a d  c a r  l i g h t i n g .  To change from one mode 

t o  t h e  o t h e r  t h e  o p e r a t o r  p r e s s e s  t h e  s p l i t  f a c e  ACQ/CONT-PROG 

bu t ton  a t  t h e  bottom l e f t  of  t h e  pane l  and then  p r e s s e s  t h e  ad ja -  

c e n t  MODE INT switch.  The computer immediately l i g h t s  t h e  appro- 

p r i a t e  h a l f  of t h e  ACQ/CONT-PROG bu t ton  and a  few seconds l a t e r  

l i g h t s  t h e  READ FUNCTION b u t t o n  i f  i n  PROG mode o r  t h e  TRIAL ON 

lamp (bottom c e n t e r  of pane l )  i f  i n  t h e  ACQ/CONT mode. 

The two t o g g l e  swi tches  and l i g h t e d  pushbutton swi tch  a t  

t h e  bottom r i g h t  of t h e  c o n t r o l  pane l  a r e  used by t h e  o p e r a t o r  

t o  p l a c e  t h e  computer on o r  o f f  l i n e  t o  t h e  s i m u l a t o r .  When t h e  

computer i s  on l i n e  it l i g h t s  t h e  ON LINE i n d i c a t o r  lamp. 

DESCRIPTION OF SIMULATOR SUBSYSTEMS 

The block diagram i n  F igure  LO shows t h e  i n t e r c o n n e c t i o n s  

and s i g n a l  p a t h s  between t h e  v a r i o u s  RLS subsystems. S i g n a l  

p a t h s  between t h e  c o n t r o l  and monitoring systems conso le  and 

t h e  se rvo  a c t u a t o r s ,  program t a p e  reproduce machine, s u b j e c t ' s  

c o n t r o l s  and d i s p l a y ,  e t c .  a r e  d e s c r i p t i v e l y  l a b e l e d ,  D i g i t a l  

c o n t r o l  and analog d a t a  s i g n a l s  f low between t h e  c o n t r o l  conso le  

and t h e  computer i n t e r f a c e  console  and then  t o  t h e  computer v i a  
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7 s e t s  of 16 i n t e r f a c e  l i n e s .  The s i g n a l s  a s s i g n e d  t o  each  l i n e  

a r e  l i s t e d  i n  t h e  fo l lowing  t a b l e s .  A l l  16 l i n e s  of  each  group 

a r e  n o t  used b u t  t h e y  were wi red  s i n c e  t h e  i n p u t s  a r e  a v a i l a b l e  

on t h e  computer and t h u s  a r e  made r e a d i l y  a v a i l a b l e  f o r  f u t u r e  

use i f  needed. Analog d a t a  from t h e  s i m u l a t o r  i s  s e n t  t o  t h e  

computer v i a  t h e  16 ana log  i n p u t  l i n e s .  The t h r e e  sets  of 16 

d i g i t a l  i n p u t  l i n e s  c a r r y  remote computer programming d a t a  and 

d i g i t a l  c o n t r o l  s i g n a l s  from t h e  s i m u l a t o r  t o  t h e  computer.  

i n d i c a t o r  lamps on t h e  computer remote programming conso le  a r e  

c o n t r o l l e d  by t h e  computer t h rough  t h e  16 d i g i t a l  o u t p u t  l i n e s .  

Computer a c t i o n ,  i . e .  d a t a  c o l l e c t i o n ,  l e a d  c a r  s i g n a l i n g ,  e t c .  

i s  i n i t i a t e d  by " i n t e r r u p t "  s i g n a l s  on t h e  1 6  i n t e r r u p t  l i n e s ,  

The 16 b i t  o u t p u t  r e g i s t e r  l i n e s  c a r r y  t h e  computer g e n e r a t e d  

words which a r e  conve r t ed  from p a r a l l e l  t o  s e r i a l  form i n  t h e  

computer i n t e r f a c e  conso le  and t h e n  t r a n s m i t t e d  t o  t h e  model c a r  

f o r  c o n t r o l  of t h e  lamps i n  t h e  r e a r  l i g h t i n g  d i s p l a y .  I n  some 

c a s e s  t h e  l i n e s  s e r v e  d i f f e r e n t  f u n c t i o n s  i n  t h e  PROGram mode 

and ACQuisit ion and CONtrol mode a s  i n d i c a t e d  i n  t h e  t a b l e s ,  

TAPED PROGRAM RECORDING SYSTEM. A s i m p l i f i e d  b lock  diagram 

of  t h e  system used t o  g e n e r a t e  and r e c o r d  t h e  l e a d  c a r  s t o r e d  

program c o n t r o l  d a t a  i s  shown i n  F i g u r e  11. F ive  s i g n a l s  a r e  

r eco rded  on t h e  s t o r e d  program magnet ic  t a p e .  These a r e :  

1. V e l o c i t y  -1 .5  t o  +1 .5  v o l t s  0 t o  9 0  mph 

2 .  Right  Turn OFF = 0 v o l t s  ON = 1 . 5  v o l t s  

3.  L e f t  Turn OFF = O v o l t s  ON = 1 . 5  v c l t s  

4 ,  Brake OFF = 0 v o l t s  ON = 1 . 5  v o l t s  

5.  A c c e l e r a t o r  OFF = 0 v o l t s  ON = 1 . 5  v o l t s  

V e l o c i t y  i s  o b t a i n e d  from a  DC tachometer  d r i v e n  from a  t e e  

i n  t h e  v e h i c l e ' s  speedometer  d r i v e  c a b l e ,  The o t h e r  s i g n a l s  a r e  

gene ra t ed  by s w i t c h e s  coupled  t o  t h e  t u r n  s i g n a l  l e v e r ,  t h e  b rake  

p e d a l  l i n k a g e  and t h e  a c c e l e r a t o r  l i n k a g e .  The tachometer  and 

swi t ches  i n t e r f a c e  w i t h  t h e  t a p e  r e c o r d e r  v i a  s i g n a l  c o n d i t i o n i n g  



TABLE 2. Analog Inpu t  

Line  
:Go. Input  

v~ ' l e a d  c a r  v e l o c i t y  

ALl l e a d  c a r  a c c e l e r a t i o n  

VF, fo l lowing  c a r  v e l o c i t y  

f ol lois ing c a r  a c c e l e r a t i o n  

ii , headway 

(model c a r  p o s i t i o n )  

VR, r e l a t i v e  v e l o c i t y  

(model v e l o c i t y )  

A R l  re1at:ve a c c e l e r a t i o n  

Unused 

Analog Value I n p u t  

S c a l i n g  

0 t o  +5 v o l t s ;  2 0  rnph/volt 

-5 t o  t 5  v o l t s ;  0 . 2  G/volt  

0 t o  t 5  v o l t s ;  2 0  rrlph/volt 

-5 t o  t 5  v o l t s ;  0 . 2  G/volt  

0 t o  t 5  v o l t s ;  1 2 0  f t / v o l t  

-5 t o  t 5  v o l t s ;  2 0  mph/volt 

-5 t o  4-5 v o l t s ;  0.2 G/volt  

-5  t o  +5 v o l t s  



TABLE 3 .  D i g i t a l  I n p u t  I 

L i n e  

No. 

0 

1 

2 

3 

4 

5  

6 

7 

8 

9 

1 0  

11 

12 

13 

1 4  

1 5  

1 n p u t  

Program Mode 

 amp No. 0 s e l e c t e d  

I 1  I' 1 It 

It 2 !I 

I I " 3 If 

11 4 )I 

I! I{ 5 I I 

I I 6 I! 

I 1  7 I I 

If 8 It 

If  9 !I 

!I It 1 0  I$ 

I I " 11 If 

I I " 1 2  It 

I I " 1 3  II 

If " 1 4  !I 

If " 15  It  

I A c q u i s i t i o n / C o n t r o l  Mode 

Fo l lowing  c a r  a c c e l e r a t o r  ON/OFF 

Fo l lowing  c a r  b r a k e  ON/OFF 

S u b j e c t  r e s p o n s e  s w i t c h  $1 ON/OFF 

S u b j e c t  r e s p o n s e  s w i t c h  # 2  ON/OFF 

Lead c a r  l e f t  t u r n  s i g n a l  ON/OFF 

Lead c a r  r i g h t  t u r n  s i g n a l  ON/OFF 

Lead c a r  b r a k e  s i g n a l  ON/OFF 

T r i a l  ON/OFF 

Lead c a r  a c c e l e r a t o r  ON/OFF 

Unused 

Unused 

Unused 

Unused 

Unused 

Unused 

Unused 



TABLE 4, Digital Input I1 

Input 
Line 

No . 
0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Function Number, Decimal 1 0 ' s  BCD 8's 

- 

Argument Number, Decimal 1's " 8 ' s  

Value Input - DIGITAL/ANALOG 

ON/OFF Line (1/0) 

Program - STORE/CALL (1/0 ) 



TABLE 5 . D i g i t a l  Input I11 

L i n e  
IJO . I n p u t  

D i g i t a l  Argument Value, Dec ima l  1000 ' s  BCD 8 ' s  

I I I t  I' II 1 0 0 0 ' s  " 4 ' s  

11 11 11 I 1  
1 0 0 0 ' s  " 2 ' s  

I 1  I1  I 1  II 1000 ' s  " 1 ' s  

I t  II I 1  II 1 0 0 ' s  " 8 ' s  

11 11 II I1 1 0 0 ' s  " 4 ' s  

II I t  I t  I 1  1 0 0 ' s  " 2 ' s  

I t  I1 11 I1 1 0 0 ' s  " 1 ' s  

I 1  I1 I 1  11 1 0 ' s  " 8 ' s  

I 1  I1  I 1  I 1  1 0 ' s  I' 4 ' s  

I f  I 1  I 1  I 1  1 0 ' s  It 2 ' s  

I I 11 I 1  I1 1 0 ' s  " 1 ' s  

t I t t  I t  I t  1 ' s  8 ' s  

11 I1  I1 I t  1 ' s  " 4 ' s  

I I 11 II I1 1 ' s  'I 2 ' s  

I 1  I I I I II 1 ' s  " 1 ' s  



TABLE 6. P r o c e s s  I n t e r r u p t  

L ine  
No. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

11 

1 2  

13  

1 4  

1 5  

+ 

Func t ion  

Fol lowing  c a r  a c c e l e r a t o r  ON & OFF' 

Fo l lowing  c a r  b r ake  ON & OFF 

S u b j e c t  Response #1 ON I n t e r r u p t  l i n e  
I I 111 # 2  ON 

e n a b l e d  o n l y  i n  
ACQ/COWT mode and 

Lead c a r  l e f t  t u r n  ON & OFF 

Lead c a r  r i g h t  t u r n  ON & OFF 

T e s t  O N ,  

D i s a b l e  i n  TROG 
mode o r  d u r i n g  

Lead c a r  b r a k e  ON & OFF, T r i a l  OFF 

ACQ-CONT/PROG mode i n t e r r u p t  ( d i s a b l e  d u r i n g  t r i a l  O N )  

Lead c a r  a c c e l e r a t o r  ON & OFF 

Unused 

Unused 

Unused 

ON & OFF l i n e  ( d i s a b l e d  d u r i n g  t r i a l  O N )  

Read f u n c t i o n  ( d i s a b l e d  when i n  ACQ-CONT mode) 

Read v a l u e  ( d i s a b l e d  when i n  ACQ-CONT mode) 

T r i a l  ON & OFF ( d i s a b l e d  when i n  PROG mode) 



Bit No. 

TABLE 7 ,  R e g i s t e r  Output  

B i t  F u n c t i o n  

Sync p u l s e  

ON/OFF p u l s e  

BCD lamp a d d r e s s  

11 II I 1  

Opera t e  time 

C l e a r  t ime  

Sync p u l s e  

ON/OFF p u l s e  

BCD lamp a d d r e s s  

II I 1  I 1  

I 1  I t  I 1  

O p e r a t e  t i m e  

C l e a r  t ime  

Always 1 

ON-1, OFF-O 

1 ' s  

Always 0 

Always 0 

Always 1 

ON-1, OFF-O 

Always 0 

Always 0 



TABLE 8 .  D i g i t a l  Output  

L ine  
No. Func t ion  

ON LINE lamp 

READ FUNCTION lamp 

READ VALUE lamp 

SET VALUE lamp 

ERROR lamp 

MODE INTERRUPT lamp 

Unused 

PROG mode lamp 

ACQ-CONT1 mode lamp 

TRIAL ON lamp 

Unused 

Unused 

Unused 

Unused 

Unused 

ir i~us ed  
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F i g u r e  11. Tape program r e c o r d i n g  sys tem.  

CABLE 

TURN 4 

S I GNAL RIGHT TURN 
LEVER 

LEFT TURN 

S I GN AL 
CONDITIONING 

AND 
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and calibration e l e c t r o n i c s  which i n c l u d e  low p a s s  f i l t e r i n g  o f  

t h e  tachometer  s i g n a l  and g a i n  and o f f s e t  a d j u s t m e n t s  t o  se t  

a p p r o p r i a t e  i n p u t  l e v e l s  t o  t h e  r e c o r d e r .  Data a r e  r e c o r d e d  on 

a  Lockheed 417A 7-channel ,  1/2 i n c h  I R I G  r e c o r d e r  i n  t h e  c a r .  The 

d a t a  a r e  r e t a p e d  and v o i c e  a n n o t a t i o n  added i n  t h e  l a b o r a t o r y  on 

one i n c h  t a p e  w i t h  an Ampex 1900 magnet ic  t a p e  r e c o r d e r .  Dat,a 

r e p r o d u c t i o n  i s  a l s o  done w i t h  t h e  Ampex 1 9 0 0 ,  

ROADWAY BELT VELOCITY CONTROL SYSTEM. The b e l t  v e l o c i t y  

c o n t r o l  system i n c l u d e s  t h e  s u b j e c t ' s  a c c e l e r a t o r  and b r a k e  con- 

t r o l s ,  a  f o l l o w i n g  v e h i c l e  dynamics s i m u l a t o r ,  a  s e r v o  a m p l i f i e r  

and motor ,  and a  b e l t  v e l o c i t y  feedback t achomete r .  A s i m p l i f i e d  

b lock  diagram of  t h i s  subsystem i s  shown i n  F i g u r e  12.  

The v e h i c l e  dynamics s i m u l a t o r  i s  a  s p e c i a l  purpose  a n a l o g  

computer c i r c u i t  which s o l v e s  t h e  e q u a t i o n  of  mot ion :  

where : 

F=fo rce  a p p l i e d  t o  c o n t r o l  t h e  v e h i c l e  

m=mass of t h e  v e h i c l e  

a = v e h i c l e  a c c e l e r a t i o n  

v = v e h i c l e  v e l o c i t y  

k v 2 = a i r  d r a g  on v e h i c l e ,  assumed p r o p o r t i o n a l  t o  v 2  

f = a  c o n s t a n t  f r i c t i o n  d r a g  component 

E i s  t h e  sum of  an a c c e l e r a t i o n  f o r c e  F  and a  b r a k i n g  f o r c e  -Fg,  A 
7 .  i s  assumed p r o p o r t i o n a l  t o  t h e  a c c e l e r a t o r  d i sp l acemen t  and 

A 

i t s  v o l t a g e  ana log  i s  o b t a l n e d  from a  p o t e n t i o m e t e r  gea red  t o  t h e  

s u b j e c t ' s  a c c e l e r a t o r  p e d a l .  FB i s  assumed p r o p o r t i o n a l  t o  b r a k e  

l i n e  p r e s s u r e .  The ana log  o f  FB i s  o b t a i n e d  from a  p o t e n t i o m e t r i c  

t ype  p r e s s u r e  t r a n s d u c e r  i n  a  s i m u l a t e d  b rake  l i n e  connec ted  t o  

t h e  s u b j e c t ' s  b r a k e  p e d a l .  Gain A1 s e t s  t h e  maximum a c c e l e r a t i o n  

f o r c e  a t  f u l l  a c c e l e r a t o r  d i s p l a c e m e n t  and A2 s e t s  t h e  b rake  d e c e l -  

e r a t i o n - p e d a l  f o r c e  g a i n .  FA and -FB a r e  summed t o  o b t a i n  F. 



IQN. BRAKE 
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Figure 1 2 .  R o a d w a y  b e l t  v e l o c i t y  c o n t r o l  s y s t e m .  
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- 2 F ,  -xv , anC -f  a r e  summed t o  o b t a i n  m a = ~ - k v ~  - f ,  t h e  a c c e l e r a t i o n  

i s  i n t e g r a t e d  t o  o b t a i n  v e l o c i t y ,  and v 2  i s  formed by a  s q u a r i n g  

a m p l i f i e r  a s  i n d i c a t e d  i n  F i g u r e  12.  

The b e l t  v e l o c i t y  ( f o l l o w i n g  c a r )  s e r v o  i n p u t  command s i g n a l ,  

vFc t i s  caken from t h e  o u t p u t  o f  t h e  i n t e g r a t o r  i n  t h e  s i r n u l a t e r  

program mode and from t h e  o p e r a t o r  manual v e l o c i t y  p o t e n t i o m e t e r  

i n  t h e  n a n u a l  mode. 

h t a chome te r  coupled  d i r e c t l y  t o  t h e  s e r v o  motor s h a f t  

g e n e r a t e s  t h e  f o l l o w i n g - c a r  v e l o c i t y  feedback  f o r  t h e  s e r v o  ampli -  

f i e r .  The tachometer  out :put ,  VF, i s  a l s o  a p p l i e d  t o  t h e  ope ra -  

t o r ' s  and s u b j e c t ' s  f o l l o w i n g - c a r  v e l o c i t y  d i s p l a y  meters and 

r o u t e d  t o  t h e  d i g i t a l  computer t h rough  a n a l o g  d a t a  l i n e s .  

Lo r ig -Al igne r ,  Type 11, s e l f - c e n t e r i n g  r o l l e r s ,  1 0  i n c h e s  i n  

d i a m e t e r ,  a r e  used f o r  t h e  b e l t  d r i v e  and i d l e  r o l l e r s .  T h i s  i s  

a  r u b b e r  covered  r o l l e r  w i t h  grooves  s l a n t e d  toward t h e  t r a n s -  

v e r s e  c e n t e r  o f  t h e  r o l l  c u t  i n t o  i t s  s u r f a c e .  Deformat ion of 

t h e  grooved r o l l  s u r f a c e  under  l o a d  produces  c e n t e r i n g  f o r c e s  on 

t h e  b e l t ,  The d r i v e  r o l l e r  i s  d r i v e n  th rough  a 1 . 6 : l  p u l l e y  

r e d u c t i o n  r a t i o  by an I n l a n d  model TT-5746 t o r q u e  motor  r a t e d  a t  

1 7  f t - l b  c o n t i n u o u s  t o r q u e .  

The roadway b e l t  i s  a 3 -p ly  c o t t o n  f l L e r  r u b b e r  c o a t e d  con- 

,J,2 ,r,r . . ,> b e l t ,  113.5 f e e t  l o n g ,  s p l i c e d  t o  form a  c o n t i n u o u s  l o o p .  

I t  weighs  abou t  160 l b s ,  The model r u n n i n g  s u r f a c e  of t h e  b e l t  

I s  s u p p o r t e d  by a  s l i d e r  t a b l e  s u r f a c e d  w i t h  t e f l o n  impregna ted  

aluminum p l a t e s  t o  minimize f r i c t i o n ,  The whee ls  o f  t h e  model 

car s t r a d d l e  a  3-- inch wide s l o t ,  c u t  i n  t h e  s l i d e r  t a b l e ,  i n  

which t h e  magnet s l e d  t r a v e l s  j u s t  benea th  t h e  b e l t .  A t  t h e  s c a l e  

of 1 : 1 2  t h e  54 f e e t  of u s e f u l  model r u n n i n g  s u r f a c e  g i v e s  a  simu- 

l a t e d  roadway l e n g t h  of 6 4 8  f e e t .  



The simulated roadway is enclosed and illuminated from above 

'r)y 114, 40-watt and 60-watt incandescent lamps. Illumination is 
controlled by a 6000-watt S C R  dimmer control which provides an 

adjus.tment range from 0 to over 10 ft candles at the road surface, 

llODEL CAR POSITION CONTROL SYSTEM. The model car position 

control system (Figure 13) circuits generate a position command 

voltage, H by integrating the difference between the lead car 
C 

velocity command, VLC, and the following car velocity VF, The 

servo1 positions the lead car at the computed headway. Circuits 

also provide for initial positioning of the model at the start 

of a tsst and automatic-stop and hold when the model exceeds 

preset velocity limits, The latter is particularly important 

near the end of the track. A simplified block diagram of this 

subsystem is shown in Figure 14, 

Either the taped program or the operator's manual control 

potentiometer can be selected as the source of VLC, the lead car 

velocity command. The following-car velocity, obtained from the 

belt velocity feedback tachometer, is subtracted from VLC to 

obtain V 
RC ' 

With the OP/KOLD relay in the Operate position and 

the ICjOP switch in the Operate position, VRC is low pass filtered 

and then integrated to obtain the lead car position command signal, 

Hc which is the input to the lead car position servo. A 10-turn 

position feedback pot. is coupled to the servo motor shaft through 

a 4:l gear reduction. The servo motor turns to maintain the posi- 

tion feedback voltage equal to the position command voltage and 

drives the magnet sled and model car along the table through a 

chain and sprocket drive coupled directly to the servo motor shaft. 

Headway (model position), measured by the position feedback poten- 

po he servo motor is a Printed Circuit Motors, Inc. Model 
16M4T torque motor, with integral tachometer, rgted at 1.6ft-lb 

continuous torque. 
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i iOLD 
SWITCH r8' -. r a 2 1 4 .  End of track SHUT down control. 



+ , :or,eter, ' i s  c l i sp layek  on a c o n t r o l  p a n e l  me te r  and s e n t  t o  t h e  

cor iputer  on a.n a n a l o g  i:ine. R e l a t i v e  v e l o c i t y ,  o b t a i n e d  from 

a  t achome te r  coupled  t o  t h e  p o s i t i o n  s e r v o  motor s h a f t ,  is d i s p l a y e d  

on  a  c o n t r o l  p a n e l  me te r  and s e n t  t o  t h e  computer .  

With t h e  I C / O P  swisch  i n  t h e  I n i t i a l  C o n d i t i o n  p o s i t i o n  t h e  

i n t e g r a t o r  o u t p u t  v o l t a y e  i s  set by t h e  I C  p o t e n t i o m e t e r .  Before  

t h e  p o s i t i o n  s e r v o  i s  t u r n e d  o n , t h e  s e r v o  e r r o r  i n d i c a t e d  on t h e  

s e r v o  e r r o r  meter  i s  a2: jus ted t o  n e a r  z e r o  w i t h  t h e  I C  po t en -  

c io rne t e r ,  and a f t e r  t h e  s e r v o  i s  t u r n e d  on t h e  model p o s i t i o n  i s  

a d j u s t e d  t o  i t s  t e s t  s t a r t  p o s i t i o n  w i t h  t h e  I C  p o t e n t i o m e t e r .  

The OP/HOLD r e l a y  f u n c t i o n s  t o  p l a c e  t h e  sys tem i n  HOLD 

s t o p p i n g  t h e  c a r  when it r e a c h e s  t h e  ena  o f  t h e  t r a c k .  A p o s i -  

t i o n  v e l o c i t y  r e f e r e n c e  g e n e r a t o r  r e c e i v e s  t h e  model p o s i t i o n  

s i g n a l  from t h e  p o s i t i o n  feedback  p o t e n t i o m e t e r  and g e n e r a t e s  

two v e l o c i t y  t h r e s h o l d  v o l t a g e s  a s  a  f u n c t i o n  of  t h e  model p o s i -  

 tic^ a s  shown i n  F i g u r e  14, I n  t h e  middle  4 4  f e e t  o f  t h e  roadway 

t a b l e  t h e  v e l o c i t y  t h r e s h a l d  i s  4 0  nph and t h e  t h r e s h o l d  d e c r e a s e s  

L i z e a r i y  t o  z e r o  i n  t h e  l a s t  f i v e  f e e t  a t  e i t h e r  end of  t h e  t a b l e .  

P l u s  and p i n u s  V KC ' t h e  r e l a t i v e  v e l o c i t y  c o m a n d  s i ~ n a l ,  a r e  

compared w i t h  t h e  v e l o c i t y  r e f e r e n c e s  i n  two t h r e s h o l d  d e t e c t o r s  

such  t h a t  a  ho ld  v o l t a g e  c o n t r o l  l e v e l  i s  g e n e r a t e d  when t h e  model 

v e l o c i t y  exceeds  t h e  r e f e r e n c e  v e i o c i t y ,  Ou tpu t s  from t h e  two 

t h r e s h o l d  d e t e c t o r s  a r e  OR'ed w i t h  t h e  o u t p u t  f rom t h e  manual 

KOLD s w i t c h  and t h e  o u t p u t  from t h e  OR g a t e  c o n t r o l s  t h e  O P / E O L C  

r e l a y .  When t h e  r e l a y  s w i t c h e s  t o  HOLD p o s i t i o n  t h e  i n p u t  t o  

t h e  low p a s s  f i l t e r  i s  grounded and a  l a r g e r  t i m e  c o n s t a n t  i s  

swi t ched  i n t o  t h e  f i l t e r  such  t h a t  t h e  f i l t e r  o u t p u t  d e c r e a s e s  

t o  z e r o  a t  a r a t e  t h ~ t  b r i n g s  t h e  model c a r  t o  a  s t o p  w i t h  maxi- 

mum d e c e l e r a t i o n  of abou t  4 G ' s  ( s i m u l a t e d ) .  The sys tem a- to- 

m a t i c a l l y  s w i t c h e s  back t o  o p e r a t e  when t h e  s u b j e c t  changes  t h e  

fo l lov i ing  c a r  v e l o c i t y ,  V F t  so as  t o  r e v e r s e  t h e  p o l a r i t y  of  

t i le r e l a t i v e  v e l o c i t y  command. 



Lead car velocity, VL, is obtained by summing the followinq 

car velocity from the belt velocity servo tachometer and the 

relative velocity from the lead car position servo tachometer. 

VL is displayed on a control panel meter and sent to the computer 

on an analog line, 

MODEL CAR LIGHTING CONTROL SYSTEM. A digital control scheme 

is used to control the intensity and on/off cycle of up to 16 

lamps on the lead car model. Each lamp is switched on and off 

at approximately 50 Hz with intensity controlled by changing 

the on-duty cycle from 0 to 100% in 100 discrete steps. Thus, 

each lamp is instructed to turn on or off 5000 times per second, 

For example, a lamp operating at 70% duty cycle receives 70 "on" 

conrnands followed by 30 "off" commands 50 times each second. 

Calling an individual on or off command to a lamp a word, 5000 

words per second are transmitted to each lamp. For 16 lamps the 

transmission rate is 80,000 words per second. 

Each word consists of 8 bits, The first bit is always a 1 

which is used to synchronize the decoding circuit. The second 

bit is the ON/OFF command, a 1 is an "on" command and a 0 is an 

"off" command. The next 4 bits contain the Binary Coded Decimal, 

BCD, address of one of the 16 lamps, and the last two bits are 

always 0. During the last two bit times the lamp addressed is 

switched on or off and the decoding circuits are cleared to be 

ready to receive the next word. Word bits are transmitted into 

the model car in serial form so that only one data channel into 

the car is required. Pulse width modulation on a 10 lYHz carrier 

is used, A "0" bit is transmitted as a 0.2 p sec pulse and a 

"1" bit is a 1.0 p sec pulse. A bit period or clock period is 

1.5 p sec. Words are generated in the digital computer and 

transferred to the HLS control circuits, two words (16 bits) at 

a time, via the computer's 16-bit output register. Simplified 



b lock  d iagrams  of  t h e  m o d u l a t o r / t r a n s m i t t e r  c i r c u i t  and t h e  

r e c e i v e r / d e c o d e r  c i r c u i t .  a r e  shown i n  F i g u r e s  15 and 1 6 ,  r e s p e c -  

t i v e l y .  A t i m i n g  d iagrzm f o r  b o t h  c i r c u i t s  i s  shown i n  F i g u r e  17.  

System t i m i n g  i s  c o n t r o l l e d  by t h e  6 6 6 . 6  K H z  f r e e - r u n n i n g  

c l o c k .  The c l o c k  ou tpu t .  i s  a s q u a r e  wave w i t h  p e r i o d  of  abou t  

1 . 5  p s e c .  When t h e  computer h a s  a  1 6 - b i t  word l o a d e d  i n t o  i t s  

o u t p u t  r e g i s t e r  it r a i s e s  t h e  READY l i n e  and c l o c k  p u l s e s  a r e  

p a s s e d  th rough  t h e  AND g a t e  t o  t h e  J K  f l i p - f l o p .  Once i n  e v e r y  

1 6  c l o c k  p u l s e s  t h e  divide-by-1.6 ( s e e  F i g u r e  1 5 )  c i r c u i t  changes  

s t a t e  f o r  one c l o c k  p e r i o d  and t h e  r i s i n g  edge  of t h e  n e x t  c l o c k  

p u l s e  t o g g l e s  t h e  JX f l i p - f l o p  o u t p u t  (MODE CONTROL) h i g h  f o r  one 

c l o c k  p e r i o d .  While t h e  MODE CONTROL i s  h i g h  t h e  f a l l i n g  edge  

of  t h e  n e x t  c l o c k  p u l s e  t r a n s f e r s  t h e  16 b i t s  from t h e  computer  

o - ~ t p u t  r e g i s t e r  i n t o  t h e  s h i f t  r e g i s t e r ,  The f a l l i n g  edge o f  

t h e  JK f l i p - f l o p  o u t p u t  t r i g g e r s  t h e  1 0  p s e c  one s h o t  which 

s e n d s  a "SYNC" p u l s e  t o  t h e  con.puter.  Upon r e c e i v i n g  t h e  sync 

p u l s e  t h e  computer d r o p s  t h e  r e a d y  l i n e ,  l o a d s  a new se t  of  16 

b i t s  i n t o  i t s  o u t p u t  r e g i s t e r  and a g a i n  r a i s e s  t h e  r e a d y  l i n e  i n  

l e s s  t h a n  1 0  u s e c .  

The f a l l i n g  edge of  e a c h  c l o c k  p u l s e  t r i g g e r s  b o t h  t h e  1 . 0  p 

s e c  and t h e  0 . 2  p s e c  one s h o t s  and s h i f t s  t h e  n e x t  b i t  t n  t h e  

s h i f t  r e g i s t e r  o u t p u t  and i n t o  t h e  p u l s e  s e l e c t o r .  I f  a "0" i s  

on t h e  r e g i s t e r  o u t p u t  t h e  0 .2  p s e c  p u l s e  i s  p a s s e d  t o  t h e  modu- 

l a t o r  and i f  a "1"  i s  on t h e  r e g i s t e r  o u t p u t  a  1 . 0  p s e c  pv.lse 

i s  p a s s e d  t o  t h e  modula tor .  Thus,  t h e  d i g i t a l  lamp c o n t r o l  woras  

a r e  t r a n s m i t t e d  a s  a s e r i e s  o f  s h o r t  and wide p u l s e s ,  " 0 ' s "  and 

" l ' s " ,  i n t o  t h e  model c a r  v i a  t h e  t r a n s m i t t i n ?  and r e c e i v i n g  

a n t e n n a s .  

The o u t p u t  o f  t h e  r e c e i v e r  ( F i g u r e  1 6 )  i s  a  r e p l i c a  of  t h e  

p u l s e s  a p p l i e d  t o  t h e  modula tor .  The l e a d i n g  edge of  e a c h  p u l s e ,  

wide o r  nar row,  t r i g g e r s  t h e  0 . 7 5  p s e c  one  s h o t  t h u s  r e g e n e r -  
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7 -  7 7- - ,  ,,-.,, t h e  c l o c k  i n  t h e  n-;ode1 c a r  c i r c u i t .  The v o l t a g e  l e v e l  a t  

t h e  s h i f t  r e g i s t e r  i n p u t  c o i n c i d e n t  w i t h  t h e  f a l l i n g  edge  o f  

e a c h  c l o c k  p u l s e  i s  high. "1"  f o r  a  wide p u l s e  and low " 0 "  f o r  a  

narrow p u l s e .  Thus,  t h e  r e q u i r e d  " 1 ' s "  and " 0 ' s "  s h i f t  i n t o  t h e  

s h i f t  r e g i s t e r  on t h e  f a . l l i n g  edge  o f  t h e  c l o c k  p u l s e s .  Wlnen 

t h e  SYNC p u l s e ,  t h e  f i r s ' t  b i t  o f  t h e  8 - b i t  word,  e n t e r s  t h e  

s i x t h  b i t  p o s i t i o n  i n  t h e  r e g i s t e r  t h e  BCD lamp a d d r e s s  i s  i n  

t h e  f i r s t  4 - b i t  p o s i t i o n s  which a r e  connec t ed  t o  t h e  1 o f  16 

uecode r  i n p u t s ,  and the ON,/OFF b i t  i s  i n  t h e  f i f t h  b i t  p o s . i t i o n  

of  t h e  s h i f t  r e g i s t e r  ar ,d connec t ed  t o  t h e  D i n p u t  o f  a l l  16 

Type D f l i p - f l o p s .  N i t h  t h e  SYNC p u l s e  and i n v e r t e d  SYNC p u l s e  

on t h e  J and K i n p u t s  of t h e  J K  f l i p - f l o p  t h e  r i s i n g  edge  of  

t h e  n e x t  c l o c k  p u i s e  se t s  t h e  o u t p u t  o f  t h e  J K  f l i p - f l o p  h i q h .  

The J K  o u t p u t  s a t e s  t h e  1 o f  16 d e c o d e r  o u t p u t  and t h e  l i n e  

a d d r e s s e d  goes  h i g h  a p p l y i n g  a  p u l s e  t o  t h e  c l o c k  i n p u t  o f  t h e  

c o r r e s p o n d i n g  Type D f l i p - f l o p ,  t h u s  t r a n s f e r r i n g  t h e  ON/OFF 

command a t  t h e  D i n p t  t o  t h e  o u t p u t  and t h e n  t o  t h e  lamp 

d r i v e r  o f  t h e  lamp a d d r e s s e d .  The J K  o u t p u t  a l s o  i s  a p p l i e d  t o  

t h e  :4ODE i n p u t  o f  t h e  s h i f t  r e g i s t e r  and t h e  f a l l i n g  edge  o f  

t h e  n e x t  c l o c k  p u l s e  c l e a r s  t h e  s h i f t  r e g i s t e r .  With t h e  SYNC 

p u l s e  l i n e  r e t u r n e d  t o  low, o r  "O", the r i s i n g  edge  of  t h e  n e x t  

c l o c k  p u l s e  r e s e t s  t h e  J K  f l i p - f l o p  o u t p u t  low and t h e  d e c o d e r  

i s  r e a d y  t o  s t a r t  r e c e i v i n g  t h e  n e x t  8-bit ;  word. Words t r ; l n s f e r  

t h r o u g h  t h e  decode r  i f i  1 2  p s e c  p e r  word. Thus ,  a l l  16 larnps 

a r e  a d d r e s s e d  once  d u r i n g  e a c h  1 9 2  p s e c  p e r i o d .  



"4KT 11: SIMULATOR VALIDATION STUDIES 

An impor t an t  c o n s i d e r a t i . 0 ~  a f f e c t i n g  t h e  u s e f u l n e s s  of a  

s i m u l a t i o n  p rocedure  i s  t o  de t e rmine  how w e l l  d a t a  o b t a i n e d  

u s i n g  such a  d e v i c e  would p r o v i d e  t h e  same o r  comparable i n f o r -  

mat ion a s  o b t a i n e d  i n  t h e  o p e r a t i o n a l  s i t u a t i o n  which i s  b e i n g  

s i m u l a t e d .  Althouyn m a y  par t - t . ask  d r i v i n ?  s i m u l a t o r s  and 

a i r c r a f t  s i m u l a t o r s  have been c o n s t r u c t e d  t h e r e  has  been p rac -  

t i c a l l y  no e f f o r t  made t o  a t t e m p t  t o  v a l i d a t e  t h e s e  t e s t i n g  

d e v i c e s .  T h i s  i s  d i ~ e  t o  a number of r e a s o n s .  Sometimes i t  i s  

t o o  expens ive  t o  conduc t  t h e  o p e r a t i o n a l  t e s t  f o r  t h e  purpose  of 

obtaii l incj  t h e  performance m e a s u r e ~ ; e n t s ,  and on o t h e r  o c c a s i o n s  i t  

i s  i rnpossibie  t o  do s2 u n t i l  t h e  mi s s ion  a c t u a l l y  t a k e s  p l a c e ,  

such a s  i s  t r u e  of  :he ~ i r n u l a t i o : ~ ,  ~f space  f l i g h t s .  Even p a r t -  

t a s k  d r i v i n g  s i n u l a t o r s  a r e  d i f f i c u l t  t o  v a l i d a t e  because  of t h e  

c o s t s  and complexi ty  i nvo lved  i n  c a n d u c t i n g  v e h i c u l a r  t e s t s ,  

However, t h i s  does  n o t  reduce  t h e  impor tance  of a t t e m p t i n g  t o  

o b t a i n  v a l i d a t i n g  i n f o r : ~ a t i o n .  

The f i r s t  s t u d i e s  b s i n g  t h e  H S R I  r e a r  l i g h t i n g  r e s e a r c h  simu- 

l a t o r  were aimed a t  gaLhesirig v a l i d a t i o n  d a t a .  S i n c e  we have p r e -  

v i o u s l y  conducted a c o n s i d e r a b l e  amount of road t e s t i n g  of d r i v e r  

performance i n  t h e  e v a l u a t i o n  of v a r i o u s  r e a r  l i g h t i n g  d i s p l a y s ,  

i t  was ee t e rmined  t h a t  two of t h e s e  t e s t s  shou ld  be r e p e a t e d  

u s i n g  t h e  s i m u l . ~ t o r .  I n  t h i s  way co r r e spocdence  between t h e  

f i n d i n g s  o b t a i n e d  i n  t h e  road  and s i m u l a t o r  t e s t s  cou ld  be  obse rved ,  

an6 used t o  de t e rmine  t:le e x t e n t  t o  which s i m i l a x i t i e s  i n  r e s u l t s  

beco~lie a v a i l a b l e  u s ing  t h e  sj.r;l,ulator. 

EXLJERIMCNT I :  CFFECT OF BIKOCULAR A N D  MONOCULAR VIEWING OX 
CHANGE I N  IiEADKAY DETECTION 

The f i r s t  s t u d y  t h a t  was c a r r i e d  o u t  w i t h  t h e  r e a r  l i g h t i n g  

r e s e a r c h  s i m u l a t o r  was one t o  c o n f i r c  t h e o r e t i c a l  c o n s i d e r a t i o n s  



a f f e c t i n g  t h e  u se  of b i n o c u l a r  and monocular v i s i o n  i n  t h e  simu- 

l a t o r ,  I t  would be sup2osed t h a t  monocular v i s i o n  s h o u l d  be u s e d ,  

s i n c e  a r t i f i c i a l  cues  t o  c l o s u r e  w i t h  a  l e a d  v e h i c l e  would be 

produced by t h e  u se  of  b i n o c u l a r  v i s i o n  i n  t h e  s i m u l a t i o n ,  Th i s  

i s  because  b i n o c u l a r  v i s i o n  p r o v i d e s  b i n o c u l a r  d e s p a r i t y  c u e s  a t  

d i s t a n c e s  of l e s s  t h a n  abou t  50 f t  (Woodworth and S c h l o s b e r g ,  

1 4 5 4 ) .  S ince  most d r i v i n g  c o n d i t i o n s  i n v o l v e  c a r - f o l l o w i n g  a t  

c j r ea t e r  t h a n  t h i s  d i s t a n c e ,  b i n o c u l a r  c u e s  would n o t  be of  g r e a t  

impor tance  i n  a c t u a l  c a r  d r i v i n g .  Ilowever, t h e  s i m u l a t o r  has  a  

maximum l e n g t h  of j u s t  o v e r  50 f t  and b i n o c u l a r  cues  cou ld  i n t r o -  

duce s t i m u l i ,  u s e f u l  t o  headway e s t i m a t i o n  and change i n  headway 

d e t e c t i o n ,  t h a t  would n o t  be  found i n  r e a l  d r i v i n g ,  

S u b j e c t s .  Three s u b j e c t s  were used i n  t h i s  t e s t  e ach  o f  

whom had some p r e v i o u s  e x p e r i e n c e  i n  t h e  s i m u l a t o r .  

Procedure .  A t e s t  program t a p e  was made wherein  a  r e , a l  c a r  

was d r i v e n  a t  54 mph and, a t v a r i o u s  t ime  i n t e r v a l s , b e g a n  t o  c o a s t  

when t h e  d r i v e r  d i sengaged  t h e  c r u i s e  c o n t r o l  and r e l e a s e d  t h e  

a c c e l e r a t o r .  A number of such t r i a l s  were run  and s u b s e q u e n t l y  

p l ayed  back a s  t h e  f o r c i n g  f u n c t i o n  f o r  t h e  l e a d  c a r  on t h e  simu- 

l a t o r ,  A low ambient  l e v e l  d a y t i r e  d r i v i n g  s i t u a t i o n  was s i n u -  

l a t e d  by t u r n i n g  on t h e  overhead  l i g h t s  t o  f u l l  power, p r o v i d i n g  

abou t  1 0  f t - c a n d l e s  of i l l u m i n a t i o n  on t h e  roadway, The simu- 

l a t o r  t r i a l  began when b o t h  t h e  f o l l o w i n g  c a r  and t h e  l e a d  c a r  

were t r a v e l i n g  a t  54  rnph and t h e  i n i t i a l  headway was s e t  a t  

e i t h e r  150 f t  o r  300 f t .  A t  some p o i n t  i n  t ime  t h e  l e a d  c a r  

would beg in  t o  c o a s t ,  a t  t h e  i n s t a n t  t h a t  t h e  r e a l  c a r  began t o  

c o a s t  when t h e  program tape  was made. The s u b j e c t ' s  t a s k  was t o  

d e t e c t  t h e  o n s e t  of c o a s t i n g ,  and respond  by d e p r e s s i n g  a s w i t c h  

with h i s  r i g h t  hand. Each s u b j e c t  r e c e i v e d  a  t o t a l  o f  2 4  t r i a l s ,  

h a l f  w i t h  t h e  i n i t i a l  headway a t  150 f t  and t h e  o t h e r  h a l f  a t  



31J0 i t ,  and i l a l f  were cc i r r led  o u r  w i t h  b i n o c u l a r  v i s i o n  and t h e  

o t h e r  h a l f  w i t h  monocular v i s i o n .  

RESULTS. The mean change i n  headway, t h a t  o c c u r r e d  p r i o r  

t o  d e t e c t i o n  o f  c o a s t i n g ,  a t  150 f t  and 3 0 0  f t ,  f o r  b i n o c u l a r  

and monocular v iewing  was computed, and shown i n  T a b l e  9 .  I t  

T;YBLE 9. Mean Change i n  Iieaii~vay ( A H )  and AII/H a s  a  
Func t ion  of  I n i t i a l  iieadway f o r  B i n o c u l a r  
and C.lonocuiar Viewing. Data f o r  3 S u b j e c t s .  

I 

B i n o c u l a r  35 '  1 . 2 2  .11 

I 
Viewing I ~5 1: 

I4od e  11501 3 0 6 '  
.-- 

1 

A r r / ~ i  -. 

15 0 ' 3 0 0 '  

w i l l  be no ted  t n a t  f o r  b i n o c u l a r  v i s i o n  t h e  v a l u e s  a r e  t h e  same 

f o r  bo th  t h e  i n i t i a l  headway c o n d i t i o n s ,  whereas  i n  monocular  

v i e w i n s  t h e  change i n  headway i s  i a r q e r  a t  t h e  l a r g e r  i n i t i a l  

~ l o n o c u l a r  i 3 3 '  5 3 '  
--A 

headway d i s t a n c e .  The ~ a b i e  a l s o  shows t h e  v a l u e s  o f  AH/H f o r  

.22 .18 

b o t h  c o n d i t i o n s ,  T h i s  i n d i c a t e s  t h a t  i n  monocular  v i s i o n  t h e  

C r i v e r ' s  s e n s i t i v i t y  anci irlead1w;;ly change d e t e c t i o n  remains  f a i r l y  

c o n s t a n t ,  whereas  t h i s  i s  n o t  t r u e  in b i n o c u l a r  v i s i o n .  

CONCLUSIOT\JS. 'The d a t a  show t h a t  t h e  i n i t i a l  d i s t a n c e  had 

no e f f e c t  on c o a s t i n g  d e t e c ' t i c n ,  a s  measured by t h e  mean change 

i n  headway, when b i n o c u l a r  vi .s ion was used .  P r e v i o u s  f i e l d  

s tuc l ies  have s h o ~ n  ( N o r t i m e r ,  1-370,  1971b) t h a t  t h e  change i n  

headway p r i o r  t o  d e t e c t i o n  of c o a s t i n g  i s  a f u n c t i o n  o f  t h e  

i n i t i a l  headway a t  t h e  s t a r t  of c o a s t i n g .  The s i m u l a t e d  d i s t a n c e s  

of  1 5 0  f t  and 300 ft, a t  1/12 s c a l e ,  r e p r e s e n t  1 2 . 5  f t  and 2 5  f t  

o f  r e a l  d i s t a n c e  i n  which k 8 i n o c u l a r  c u e s  would be  of v a l u e ,  a s  

found i n  t h e  expe r imen t .  Nonocuiar v iewing  produced d i f f e r e n t  

headway change d i s t a n c e s  a t  t h e  1 5 0  ft and 300 f t  s i m u l a t e d  

i n i t i a l  headways, and s i m i l a r  v a l u e s  of  t h e  r a t i o  A H / H ,  t h u s  

46 



showing the behavior exhibited by drivers on the road, 

Therefore, monocular viewing is the proper mode in the simu- 

lator. It is obtained quite simply by having the subject wear 

spectacles with an opaque glass covering the non-dominant eye, or 

an opaque attachment is placed over the non-dominant eye of sub- 

jects who wear spectacles for far vision. 



EXFYRIMEN'i' 11: THE DETECTABILITY OF STOP AND TURN SIGNALS AS 
A E'UNCTIOIJ OF 3EAZ L I G H T I N G  SYSTEM CONFIGURATION 

The f i r s t  s t u d y  was concerned  w i t h  an e v a l u a t i o n  of  f i v e  

r e a r  l i g h t i n g  systerr. c o n f i g u r a t i o n s  a s  measured by t h e  d r i v e r ' s  

a b i l i t y  t o  d e t e c t  s t o p  and t u r n  s i g n a l s .  The f i v e  r e a r  l i g h t i n g  

systei-is shown i n  F i g u r e  18  were used.  System 1 r e p r e s e n t s  t h a t  

which i s  c u r r e n t  p r a c t i c e  on U.S. au tomob i l e s  and u s e s  two r e d  

l a n p s ,  each  of  which p r o v i d e  p r e s e n c e  ( t a i l ) ,  s t o p  and t u r n  s i g n a l s .  

I n  s; jster  2 ,  t h e  r e d  p r e s e n c e  and t u r n  lamps a r e  s e p a r a t e d  from 

t h e  r e ?  s t o p  s i g n a l  lamps.  I n  sys tem 3 ,  comple te  f u n c t i o n a l  sepa-  

r a t i o n  i s  used ,  s o  t h a t  e ach  s i g n a l  i s  g i v e n  by a  s e p a r a t e  r e d  

l a rLp .  System 4 i s  i d e n t i c a l  t o  sys tem 2 e x c e p t  t h a t  t h e  p r e s e n c e  

and t u r n  s i g n a l s  a r e  g iven  by a  g reen -b lue  lamp and t h e  s t o p  s i g -  

n a l  by s e p a r a t e  r e d  lamps.  System 5 u s e s  comple te  f u n c t i o n a l  sepa-  

r a t i o n  ana a  d i f f e r e n t  c o l o r  f o r  e a c h  s i g n a l ,  w i t h  p r e s e n c e  lamps 

b e i n g  g r e e n - b l u e ,  t u r n  s i g n a l  lamps b e i n g  amber, and s t o p  s i g n a l  

lamps be ing  r e d .  I n  a l l  sy s t ems ,  t h e  p r e s e n c e  lamps were o p e r a t e d  

a t  a  luminance of 0 .25 cande l a s / sq  i n ,  and s t o p  o r  t u r n  s i g n a l s  a t  

3.22 c a n d e l a s / s q  i n .  These luminances  would t r a n s l a t e  i n t o  i n t e n -  

s i t i e s  o f  7 cd and 91 c d ,  r e s p e c t i v e l y ,  f o r  a c t u a l  p r e s e n c e  and 

s i g n a l  lamps of  6 i n .  d i a m e t e r ,  which i s  t h e  lamp d i a m e t e r  t h a t  

was s c a l e d  (1/12 s c a l e ,  i. e ., 1 /2"  d i a .  ) f o r  t h e  l e a d  c a r .  The 

i n t e n s i t y  r a t i o  between s i g n a l  and 2 r e s e n c e  lamps i s  t h e r e f o r e  

abou t  1 3 ; l .  These i n t e n s i t i e s  a r e  t h e  s a r e  a s  were used  i n  some 

p r e v i o u s  road  t e s t s  (Mort imer ,  1 9 7 0 ) .  

A n  i n s t r u m e n t e d  t e s t  c a r  was used  t o  g e n e r a t e  a t e s t  proGray 

t a p e  by  d r i v i n g  t h e  v e h i c l e  on l o c a l  r o a d s ,  w i t h i n  t h e  normal 

t r a f f i c  s t r e a m ,  and r e c o r d i n g  on magnet ic  t a p e  t h e  speed  o f  t h e  

v e h i c l e ,  b r a k e ,  and l e f t  and r i g h t  t u r n  s i g n a l s .  The s i g n a l  modes 

used were:  s t o p  s i g n a l ,  l e f t  o r  r i g h t  t u r n  s i g n a l ,  s t o p  s i g n a l  

fo l lowed by l e f t  o r  r i g h t  t u r n  s i g n a l ,  and l e f t  o r  r i g h t  t u r n  

s i g n a l  fo l lowed by s t o p  s i g n a l ,  Each sequence ,  c o n s i s t i n g  of  f o u r  



F i g u r e  1 8 .  The l i g h t i n g  c o n f i g u r a t i o n s .  P=Presence  
(tail l i g h t ) ,  S=S top ,  T=Turn, R=Red, 

A=Arnber, G=Green-Blue. 



s i g n a l s  o f  each  t y p e  ( f o r  a  t o t a l  o f  16 s i g n a l s ) ,  r e q u i r e d  

approximate ly  t e n  minutes  of d r i v i n g  t i m e .  F ive  such  sequences  

were made up under  t h e s e  a c t u a l  d r i v i n g  c o n d i t i o n s ,  A s  a l r e a d y  

e x p l a i n e d  i n  P a r t  I ,  t h i s  program t a p e  i s  used t o  g e n e r a t e  t h e  

i n p u t s  t o  t h e  l e a d  c a r  t o  d e s i g n a t e  i t s  v e l o c i t y  and t h e  occur -  

r ence  of t h e  s i g n a l s .  

Each s i m u l a t o r  t r i a l  was begun w i t h  t h e  l e a d  c a r  p o s i t i o n e d  

150 f t  ( s i m u l a t e d )  ahead o f  t h e  s u b j e c t ' s  c a r ,  w i t h  b o t h  v e h i c l e s  

s t a t i o n a r y .  The l e a d  v e h i c l e  t h e n  r e c e i v e d  a  speed  command from 

t h e  t a p e  f o r c i n g  f u n c t i o n  and began t o  a c c e l e r a t e ,  j u s t  a s  t h e  

a c t u a l  v e h i c l e  had done when t h e  t a p e  was made. The s u b j e c t ,  

i57h0 drove  t h e  " f o l l o w i n g  c a r , "  was i n s t r u c t e d  t o  m a i n t a i n  a  d i s -  

t a n c e  of  abou t  150 f t  beh ind  t h e  l e a d  c a r  t h roughou t  t h e  t e s t  by 

nociula t ing t h e  speed of h i s  v e h i c l e  by means of  an a c c e l e r a t o r  

and b rake  p e d a l ,  t o  f u l f i l l  t h i s  r equ i r emen t  a s  w e l l  a s  p o s s i b l e .  

Each s u b j e c t  was g i v e n  one p r a c t i c e  r u n  i n  o r d e r  t o  f a m i l i a r i z e  

h imse l f  w i t h  t h i s  p rocedure  u s i n g  t h e  c o n v e n t i o n a l  r e a r  l i g h t i n g  

system (sys tem 1) .  By means of a  two-way in t e r com,  t h e  e x p e r i -  

menter  was a b l e  t o  communicate w i t h  t h e  s u b j e c t ,  and p e r i o d i c a l l y  

p rov ide  him w i t h  i n f o r m a t i o n  conce rn ing  how w e l l  he was ma in t a in -  

i n g  t h e  150 f t  headway. T h i s  f o r c e d  t h e  s u b j e c t  t o  pay a t t e n t i o n  

t o  t h i s  a s p e c t  of t h e  d r i v i n g  t a s k .  The s u b j e c t  was a l s o  i n s t r u c -  

t e d  t o  respond  a s  q u i c k l y  a s  p o s s i b l e  t o  s t o p  s i g n a l s ,  by d e p r e s s -  

i n g  a  f o o t  s w i t c h  on which he c o n t i n u o u s l y  r e s t e d  h i s  l e f t  f o o t ,  

and t o  l e f t  o r  r i g h t  t u r n  s i g n a l s  by d e p r e s s i n g  one of  two hand- 

o p e r a t e d  s w i t c h e s  c o n v e n i e n t l y  l o c a t e d  a t  t h e  f r o n t  o f  t h e  r i g h t  

arm r e s t .  

INDEPENDENT VARIABLES.  The v a r i a b l e s  of i n t e r e s t  i n  t h i s  

s t u d y  were:  

1. The l i g h t i n g  c o n f i g u r a t i o n s :  sys tems  1-5. 

2 .  The s i g n a l  modes: s t o p ,  t u r n ,  s t o p + t u r n ,  and turn-+stop.  



DEPENDENT VARIABLES. The measurements t a k e n  t o  e v a l u a t e  

t h e  s u b j e c t ' s  performance were: 

1. Reac t ion  time t o  c o r r e c t l y . i d e n t i f y  t h e  s i g n a l s  p re -  

s e n t e d .  

2. Missed s i g n a l s .  

3. Frequency of  a c c e l e r a t o r  r e l e a s e s  and b r a k e  a p p l i c a t i o n s .  

RESULTS. Each r e a c t i o n  t i m e ,  of  t h e  18  s u b j e c t s  used i n  t h e  

expe r imen t ,  was t r ans fo rmed  t o  n a t u r a l  l o g  form and an  unweighted 

means a n a l y s i s  o f  v a r i a n c e  c a r r i e d  o u t  on t h e s e  d a t a ,  S i g n i f i c a n t  

d i f f e r e n c e s  were found ( p ' . O 1 )  f o r  t h e  main e f f e c t  o f  t h e  r e a r  

l i g h t i n g  sys tem and t h e  s i g n a l  mode, and f o r  t h e  mode x sys tem 

i n t e r a c t i o n .  

The geomet r i c  mean r e s p o n s e  times t o  each  o f  t h e  f o u r  s i g n a l  

modes f o r  each  o f  t h e  f i v e  s i g n a l  sys tems used a r e  shown i n  

T a b l e  l0 ,wh ich  a l s o  i n d i c a t e s  t h e  co r re spond ing  d a t a  o b t a i n e d  i n  

TABLE 10.  Geometric Mean Reac t ion  T i m e s  f o r  Each S i g n a l  Mode 
f o r  Each System, i n  S i m u l a t o r  and Road T e s t s .  
Data f o r  18 S u b j e c t s .  

*The r e a c t i o n  times shown a r e  f o r  t h e  s i g n a l  u n d e r l i n e d .  

S i g n a l  
Mode 

Stop 

Turn 

P S *  - 
S-tT * - 

Mean 

System 

1 3  2 

Sim. 

0.97 

0 ,90  

1 . 4 4  

2 , 0 5  

1 . 1 7  

Sim. 

0.96 

1.07 

0.00 

1.08 

1.02 

Sim. 

1 .08  

0.96 

1 .01  

1 . 5 1  

1 .05  

Road 

0.92 

1 , 0 8  

0.99 

1.94 

1 .17  

4 

Road 

0.93 

1.10 

0.92 

1 .03  

0.99 

Road 

0.95 

1.16 

0.87 

1 . 3 1  

1 .05  

Sim. 

0.96 

0.83 

0.86 

1.00 

0.90 

5  

Road 

0 .91  

1.09 

0 .81  

1.09 

0,96 

Sim. 

0.93 

0.85 

0.85 

0.89 

0.89 

Road 

0.89 

1 . 0 1  

0.81 

0.97 

0.92 



the road tests. These data are also shown in Figure 19. It will 

be noted that there are some clear-cut differences between the 

>.esponse times obtained among the systems, particularly when a 

stop or turn signal is preceded by the other. 

A Newman-Keuls test was conducted within each signal mode to 

show the existence of significant differences between rear light- 

ing signal systems. Table 11 shows the results of these tests for 

TABLE 11. Idewman-Keuls Test on the Geometric Mean Reaction 
Times to Signal in Each Signal Mode for Each System, 
in Simulator and Road Tests. Data for 18 Subjects. 

In, Stop Node I No Sij. Differences I 5 2 

2-10 d e 

Turn Mode 1 4, 5 3 I 5 4 , 3 1 2 ~ 1  

**The comparison is for the mean response time of the 
signal underlined. 

Simulator .- Road 
Mean RT Siq, * Less ' Mean RT Sig, Less 

the simulator and the road experiments. It will be noted that no 

significant differences were found in the simulator between sirs- 

terns on the stop signal, whereas system 5 had a lower respo2se 

time than system 2 in the road test. For the turn signal systems 

4 and 5 had lower response times than system 3 in the simulator, 

For System Than System For System Than System 



- 

System 

- 

- 

- 

- Simulator Test 

I I I I 
Stop Turn T+s S+T - 

SIGNAL MODE 

System 

Os5 t Road Test 

Stop Turn T+S S*T - 
SIGNAL MODE 

Figure 19. Mean response time to signals for each system, in 
simulator and road tests. (T+S, S+T denotes turn 
followed by stop and vice versa, wiEh the response 
time being that for the second signal.) 



whereas system 5 had lower response times than the other systems 

in the road test. The response times to the stop signal when it 

was preceded by a turn signal were found to be significantly lower 

for systems 5, 4, 3 and 2 than system 1 in the simulator, whereas 

in the road test systems 5, 4 and 2 had lower response times than 

3 and 1, and systems 5 and 4 had lower response times than system 

2, The analysis of the data for the case where the turn signal 

response time was measured when it was preceded by a stop signal 

showed, for the simulator, that systems 5, 4, 3 and 2 had signifi- 

cantly shorter response times than system 1, and 5, 4, 3 than 

system 2; whereas in the field test systems 5, 4, 3 and 2 had 

significantly shorter response times than system 1, systems 5, 4 

and 3 than system 2, and system 5 than 4 and 3. 

Table 10 also shows the overall mean response times to each 

systenl, across the signal modes, for the simulator and road 

experiments, showing that there is a very close correspondence 

between the values obtained. 

Another way of looking at the findings is to show the rank 

orders of the mean response times in each of the signal modes for 

each system for the simulator and road tests. These data are 

shown in Table 12. Correspondence between simulator and road 

TABLE 12. Rank Orders of Mean Response Times in Each Signal ?lode 
for Each System, in Simuiator and Road Tests. 

System 
Siqnnl I I I j 

Stop 

 ode 

Turn 

i 5  5 I 4 
I 

Mean 4 1 3  3 2 2 1 1 

1 
*~im. Iioad 

*The rank order is based on the mean response time of the 
signal underlined. 

2 
Sim. Road 

3 
Sin. Road 

I I 

4 
Sir;:. ~ o a d  

5 
Sim. Road 



t e s t s  would be i n d i c a t e d  by s i m i l a r  r a n k  o r d e r  v a l u e s  f o r  t h e  

c o r r e s p o n d i n g  c e l l s  i n  t h e  t a b l e .  

S i n c e  t h e r e  were o n l y  6 s i g n a l s  missed  i n  t h e  whole e x p e r i -  

ment ,  no f u r t h e r  a n a l y s e s  were made w i t h  t h o s e  d a t a .  

The m a n  f r equency  of  a c c e l e r a t o r  r e l e a s e s  and b r a k e  a p p l i -  

c a t i o n s  p e r  r u n  f o r  each  sys tem a r e  shown i n  Tab le  13, T h i s  

TABLE 13 .  filean A c c e l e r a t o r  R e l e a s e  and Brake Appl i -  
c a t i o n  F r e q u e n c i e s  f o r  Each System. 

i n d i c a t e s  s l i g h t l y  fewer  a c c e l e r a t o r  r e l e a s e s  on sys t em 1 t h a n  

t h e  o t h e r s ,  w i t h  t h e  most f r e q u e n t  a c c e l e r a t o r  r e l e a s e s  occu r -  

r i n g  on sys tem 5 .  Brake a p p l i c a t i o n  f r e q u e n c i e s  were  e s s e n t i a l l y  

t h e  same f o r  a l l  sy s t ems ,  

C o n t r o l  Mode 

Acce l .  Re l ea se  

Brake A p p l i c a t i o n  

D I S C U S S I O N .  The f i n d i n g s  o f  t h e  s i m u l a t o r  s t u d y  can  be 

s e e n  t o  be  q u i t e  s i m i l a r  t o  t h o s e  i n  t h e  road  t e s t .  The mean 

r e a c t i o n  times t o  t h e  f i v e  sys tems  a r e  r a n k e d ,  o v e r a l l ,  t h e  same 

i n  both  t h e  s i m u l a t o r  and road  t e s t s .  There  i s  a l s o  a  good d e a l  

o f  s i m i l a r i t y  among t h e  compar i sons  w i t h i n  e a c h  of  t h e  s i g n a l  

xodes  i n  e a c h  sys tem.  The s i m u l a t o r  s t u d y  showed t h a t  t h e  c u r r e n t  

s y s t e n  ( sys t em 1) was c o n s i d e r a b l y  l e s s  e f f e c t i v e  t h a n  some of 

t n e  e x p e r i m e n t a l  sys tems  i n  t h e  r e s p o n s e  t i m e s  t o  a  s t o p  s i g n a l  

when preceded  by a  t u r n  s i g n a l  and t h e  c o n v e r s e  c a s e  when t h e  

t u r n  s i g n a l  i s  p receded  by a  s t o p  s i g n a l .  The c o n c e p t  of sys tem 

2 ,  i n v o l v i n g  t h e  s e p a r a t i o n  o f  s t o p  lamps from combined p r e s e n c e  

and t u r n  lamp, y i e l d e d  some advan tage  p a r t i c u l a r l y  i n  t h e  d u a l  

System 
1 

2 7  

11 

2 

30 

12 

- -- - - . - . 
5 -- 

34 

1 2  

3 

31 

4 

2 9  
I 

12 1 11 



r o d e  s i g n a l s  compared t o  sys t em 1. Thus,  t h i s  r e l a t i v e l y  s i m p l e  

change i n  t h e  r e a r  l i g h t i n g  d i s p l a y  would a p p e a r  t o  r e s u l t  in 

some b e n e f i t s  i n  t e r m s  of  d r i v e r  per formance .  The d a t a  o f  b o t h  

s t u d i e s  a g a i n  show t h a t  t h e  g r e a t e s t  g a i n  w i l l  be  o b t a i n e d  by a  

s e p a r a t i o n  of  f u n c t i o n  and t h e  u s e  of  c o l o r  c o d i n g ,  a s  demon- 

s t r a t e d  by t h e  g e n e r a l l y  s u p e r i o r  per formance  o f  sy s t ems  4 and 5  

i n  b o t h  t h e  s i m u l a t o r  and t h e  f i e l d  t e s t s .  

EXPERIMENT 111: THE EFFECT OF PRESENCE LAMP ARRAYS ON HEADI$:'llr' 
CHANGE DETECTION 

The pu rpose  of  t h i s  s t u d y  was t o  measure  t h e  s e n s i t i v i t y  o f  

s u b j e c t s  i n  t h e  s i m u l a t o r  i n  t h e i r  a b i l i t y  t o  d e t e c t  changes  i n  

headway d i s t a n c e  of  a  v e h i c l e  t h e y  a r e  f o l l o w i n g .  I n  a d d i t i o n ,  

t h e  e f f e c t s  o f  two p r e s e n c e  lamp a r r a y s  were e v a l u a t e d .  T h i s  

p r o c e d u r e  i s  a  r e p l i c a t i o n  o f  an  e a r l i e r  r o a d  s t u d y  (Mor t imer ,  

1970)  i n  which headway change d e t e c t i o n  was measured f o r  a  num- 

b e r  o f  d i f f e r e n t  r e a r  l i g h t i n g  a r r a y s ,  i n  n i g h t  d r i v i n g .  

S u b j e c t s .  T h i r t e e n  male  and f ema le  s u b j e c t s ,  e a c h  h o l d i n g  a  

v a l i d  d r i v e r ' s  l i c e n s e ,  were  u sed  i n  t h i s  s t u d y .  They a l l  had 

some p r e v i o u s  exposu re  on t h e  s i m u l a t o r .  

P rocedure .  A t e s t  program t a p e  was made by d r i v i n g  an  

a c t u a l  v e h i c l e  on an  expressway a t  two s p e e d s ,  54 rnph and 74 mph. 

The v e h i c l e  was d r i v e n  a t  one  of  t h e s e  s p e e d s ,  u s i n g  a  c r u i s e  

c o n t r o l ,  f o r  a  p e r i o d  of  n o t  l e s s  t h a n  h a l f  a minute  n o r  more 

t h a n  one and a  h a l f  m inu te s  b e f o r e  t h e  c r u i s e  c o n t r o l  was d i s -  

engaqed and t h e  v e h i c l e  a l l owed  t o  c o a s t  down for abou t  1 5  seconZs 

b e f o r e  t h e  speed  w a s  resumed. Four  r u n s  of  t h i s  t y p e  were :.scie 

a t  each  speed  b e f o r e  chang ing  t o  t h e  o t h e r  speed  a t  which f o u r  

s i m i l a r  r u n s  were made. A number o f  s e c t i o n s  o f  t a p e ,  e a c h  con- 

t a i n i n g  e i g h t  r u n s  of  t h i s  t y p e  i n v o l v i n g  c o a s t i n g  down from 54  

and 74 nph ,  were made. Between e a c h  of t h e  s e c t i o n s  of e i g h t  

t r i a l s ,  t h e  t e s t  v e h i c l e  came t o  res t  f o r  a b o u t  two m i n u t e s ,  



T h i s  t a p e  was then  used a s  t h e  i n p u t  t o  t h e  l e a d  c a r  i n  t h e  

s i m u l a t o r  t e s t .  I n  t h e  s i m u l a t o r ,  each  s e s s i o n  began by a c c e l -  

e r a t i n g  t h e  l e a d  c a r  and t h e  s u b j e c t ' s  c a r  t o  t h e  d e s i r e d  i n i t i a l  

speed,  a s  ob ta ined  from t h e  program t a p e ,  and then  hol,ding t h a t  

speed c o n s t a n t  a t  t h e  predetermined headway d i s t a n c e .  A f t e r  a  

random i n t e r v a l  of 30-90 seconds t h e  l e a d  c a r  began t o  c o a s t ,  

a t  t h e  t i m e  t h a t  c o a s t i n g  occur red  when t h e  program t a p e  was made. 

I n  t h e  s i m u l a t o r  two i n i t i a l  headways were used i n  t h i s  t e s t ,  

150 f t  and 300 f t .  The s u b j e c t  d i d  n o t  have c o n t r o l  of t h e  a c c e l -  

e r a t o r  o r  brake  peda l s .  The headways were s e t  up by t h e  e x p e r i -  

menter c o n t r o l l i n g  t h e  speed o f  t h e  fo l lowing  c a r  u n t i l  t h e  

d e s i r e d  spacing was ob ta ined .  A t  t h a t  i n s t a n t  bo th  t h e  l e a d  

v e h i c l e  and t h e  fo l lowing  v e h i c l e  were t r a v e l i n g  a t  t h e  same 

speed. The t a s k  of t h e  s u b j e c t  was t o  d e p r e s s  a  swi tch  a s  soon 

a s  he cou ld  d e t e c t  t h a t  t h e  l e a d  v e h i c l e  had begun t o  c o a s t .  The 

r e d u c t i o n  i n  headway which occur red ,  from t h e  s t a r t  of c o a s t i n g  

t o  t h e  i n s t a n t  t h e  s u b j e c t  d e t e c t e d  i t ,  was measured. The l e a d  

c a r  was t h e n  a c c e l e r a t e d  up t o  t h e  speed t o  be used i n  t h e  n e x t  

t r i a l  and s e t  a t  t h e  a p p r o p r i a t e  headway, and t h e  procedure 

repea ted .  I n  two of t h e  s e s s i o n s  t h e  r e a r  l i g h t i n g  c o n s i s t e d  of 

two presence  lamps and i n  t h e  o t h e r  two s e s s i o n s  f o u r  presence  

lamps were used on t h e  l e a d  c a r  a s  shown i n  F igure  2 0 .  

Independent V a r i a b l e s .  Three independent  v a r i a b l e s  were 

used i n  t h i s  t e s t ,  a s  mentioned above: 

1. Presence  lamp a r r a y :  two-lamp, four-lamp. 

2. I n i t i a l  headway a t  s t a r t  of c o a s t i n g :  150 f t ,  300 f t .  

3 .  I n i t i a l  v e l o c i t y  a t  s t a r t  of  c o a s t i n g :  54 mph, 74 mph. 

Dependent Var iab le .  The dependent v a r i a b l e  was t h e  change 

i n  headway which occur red  p r i o r  t o  t h e  d e t e c t i o n  of c o a s t i n g .  

RESULTS. For each s u b j e c t  t h e r e  were f o u r  r u n s ,  each con- 

s i s t i n g  of e i g h t  c o a s t i n g  e v e n t s ,  f o u r  a t  54 mph and f o u r  a t  7 4  

mph i n i t i a l  v e l o c i t y ,  Half t h e  t r i a l s  a t  each speed commenced 
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- F i g u r e  20. The p resence  lamp a r r a y s  used i n  t h e  
s i m u l a t o r  ( ~ x p e r i m e n t  111) and road 
tests of headway change d e t e c t i o n .  



a t  an i n i t i a l  headway of  150 f t  and t h e  o t h e r  h a l f  a t  300 f t .  

~ h u s ,  each  s u b j e c t  made 32 judgments of  t h e  o n s e t  of  c o a s t i n g  

d u r i n g  t h i s  expe r imen t .  I-in a n a l y s i s  of  v a r i a n c e  on t h e  headway 

change d a t a  showed t h a t  t h e  main e f f e c t s  of  t h e  i n i t i a l  headway 

and t h e  l i g h t i n g  a r r a y  were s i g n i f i c a n t  (pL .01 ) .  

Tab le  1 4  shows t h e  c o a s t i n g  d e t e c t i o n  t h r e s h o l d s  b o t h  i n  

a b s o l u t e  terms ( A H )  and a s  a  p r o p o r t i o n  of  t h e  i n i t i a l  headways 

( A H / H ) .  

TABLE 1 4 .  Minimum D e t e c t a b l e  Headway Change, i n  S c a l e  F e e t  
( A H )  and a s  a P r o p o r t i o n  of I n i t i a l  Headway ( A H / H ) ,  
f o r  Each A r r a y ,  I n i t i a l  V e l o c i t y ,  and I n i t i a l  Head- 
way. Data  f o r  1 3  S u b j e c t s .  

I n i t i a l  Headway 
( s c a l e  f e e t )  

150 

300 

I n i t i a l  V e l o c i t y  
( s c a l e  mph) 

54 

74 

Ar ray  Type 
(number of lamps)  

D I S C U S S I O N .  The r a t i o ,  A H / H ,  p r o v i d e s  a  measure  of t h e  

d r i v e r ' s  s e n s i t i v i t y  i n  d e t e c t i n g  c o a s t i n g  o r  c l o s u r e  w i t h  a  

v e h i c l e  ahead of  him. These v a l u e s ,  shown i n  F i g u r e  2 1 ,  a r e  

f a i r l y  c o n s i s t e n t  w i t h i n  each  lamp a r r a y ,  i n d i c a t i n g  t h a t  d r i v e r s  

can  d e t e c t  c l o s u r e  w i t h  a n o t h e r  v e h i c l e  when t h e  j u s t  n o t i c e a b l e  

change i n  t h e  headway r e a c h e s  a f i x e d  p r o p o r t i o n  of  t h e  i n i t i a l  

headway. A road  t e s t ,  n o t  concerned  w i t h  p r e s e n c e  lamp a r r a y s ,  
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Figure 21. Weber ratios for detecting headway 
change for two- and four-lamp arrays, 
in simulator and road studies. 



found a median value of 0.12 for this ratio (Mortimer, 197ib) at 

night and in daytime. The simulator provided greater driver sen- 

sitivity, with ratios of abo-~t 0.10 for the two-lamp array than 

the value of 0.12 reported above or the value of about 0.16 for 

the two-lamp array in the road tests shown in Figure 21. This 

could be expected because the simulator does not involve steer- 

ing, whereas the drivers in the road tests not only steered the 

vehicle but also had to carry out a demanding side-task. I:f a 

side-task had been introduced in the simulator it is possible 

that the detection sensitivity would have decreased, thereby rais- 

ing the values of AH/H in the simulator test closer to those found 

in the road test. 

The important comparison for the purpose of validatincr the 

simulator lies in the differences found between the lamp arrays. 

130th the road study and the simulator study found that the four- 

i a n p  array provided better driver sensitivity, as shown by lower 

OH/H values, There also appears to be a trend in both studies 

that the four-lamp array provides a somewhat greater benefit at 

300 ft than 100 ft in the simulator and at 300 ft than 200 ft in 

the road test. This suggests that, as the visual ansles sub- 

tended by the lamps in a two-lamp array become small, there is a 
particular benefit to be derived from adding two additional. 1 a p . p ~  

in the vertical to give an increase in the overall visual angle 

subtended at the following driver's eye. 

Overall, the four-lamp array offered about a 20% improvement 

in sensitivity in detection of headway change compared to t.he twc- 

lamp array in the simulator, and about 13% in the field test, for 

comparable initial headways. 

CONCLUSIONS 

~ 0 t h  experiments I1 and I11 have found quite similar results 

to those attained in field tests conducted previously. The second 

study was concerned with the detectability of signals given by 



rear lighting systems, and it was found that basically the same 

conclusions would be reached using the simulator data as using 

the road test data. This is encouraging not only because of the 

similarity in results but also because only 18 subjects were used 

in the simulator compared with 40 subjects in the road test, which 

was a lengthy and much more costly test to run. 

In the third study, a measure related to car-following per- 

formance was used and it was found that quite similar results 

again were obtained in the evaluation of the presence lamp arrays, 

and the same model was applicable to describe the manner in which 

coasting was deitected. Both the simulator and the field test 

data were sufficiently sensitive to reveal differences in the per- 

formance with the interpretation from both studies leading to the 

same conclusion, Since the overall sensitivity of the subjects 

in the simulator test was greater than in the road test, it would 

suggest that in future tests a side-task be used to provide addi- 

tional perceptual loading on the subjects in the simulator to 

give similar levels of sensitivity as were found in the driving 

tests. 

Some further corroborative data for the fidelity of the simu- 

lation was obtained in the initial pilot study concerned with 

monocular and binocular vision, by showing that monocular vision 

provides appropriate results in the simulator, as was theoretically 

expected. 

Thus, the studies that have been described suggest quite 

strongly that the simulator should generate data which are trans- 

ferable to the road test situation for studies involving driver 

response in detecting and interpreting signals of rear lighting 

systems and in measurements of car-following performance. Since 

these are the important behavioral data which it was intended the 

simulator should be capable of obtaining and from which interpre- 

tations of the effectiveness of driver performance could be made, 



it appears that a useful device has been developed for use in rear 

lighting systems research and for other studies in car-following 

under dynamic conditions, 



OTHER RESEARCH APPLICATIONS 

The studies that have been reported in the preceding sec- 

tions were concerned with providing information of the validity 

of the device, in terms of generalizing the data from the simu- 

lation to actual driving situations. The simulator will be used 

for additional studies directed at evaluating desirable aspects 

of vehicle rear lighting and signaling systems. 

Some of these studies will be concerned with utilizing the 

simulator as a cleans of obtaining information concerning the 

driver's behavior in car-following or in the less tightly coupled 

situation wherein a driver is approaching another vehicle from 

the rear at some large distance, before car-following can be said 

to be taking place. In both of these situations it is important 

to learn more about the driver's response, particularly to changes 

in rear lighting systems. An obvious advantage of the simulation 

approach is that accident-producing situations can be evaluated, 

which is difficult if not impossible to do with actual vehicles. 

Since this is the thrust of the safety-related research in vehicle 

marking and signaling it is evident chat the simulator offers an 

opportunity for providing important data. 

The sinulator will also have a capability of providing infor- 

mation of the microscopic behavior of drivers in these kinds of 

situations for use in the development of computer simulation models, 

which can then be used as alternative means of evaluating the 

likely collision reduction of different narking and signaling 

systems. 

A considerable body of knowledge is lacking concerned with 

fundamental aspects of driver behavior, such as headway and rela- 

tive velocity judgments, and the manner in which drive~s res2ond 

to different relationships of these two variables and the occur- 

rence of signals on a vehicle ahead of them. If such behavior can 

be measured it can be introduced in a mathematicai model, as 



indicated above, for systems evaluation. 

Apart from the evaluation of the information required by 

drivers to safely perform car-following tasks or those in which 

relative velocities between vehicles exist, it may also be possible 

to evaluate the effectiveness of semi-automatic or automatic sys- 

tens that may be suggested to aid the driver. One potential sys- 

tem is that involving a "radar brake," which could be used in a 

semi-automatic mode to indicate status on a display within the 

vehicle to a following driver or to automatically regulate the 

speed of a following vehicle by modulating the accelerator or 

brakes. Numerous questions concerning the application of such 

systems readily become apparent as they relate to the driver's 

behavior and their overall effectiveness in reducing collisions, 
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