
U.S D e p a rtm e n t 
o f T ra n s p o rta tio n
Federal Railroad 
Administration

A d v a n c e d  T r a i n  C o n t r o l  

S y s t e m  E v a l u a t i o n

tf'1-

•i

Office of Research and Development 
Washington, DC 20590

George I. Kuehn

I IT R e se a r c h  Institu te  
10  W . 3 5 th  S tr e e t  
C h ic a g o , IL 6 0 6 2 6

FRA/ORD-92/32 October 1992 This document is available to the
Final Report U.S. public through the National

Technical Information Service, 
Springfield, Virginia 22161

0 6  -  Signals, Control and 
Communications



NOTICE

The United S tates Government does not endorse products or manufacturers.
Trade or manufacturers' names appear herein s o le ly  because they are considered 
essen tia l to  the object o f th is  report.

NOTICE

This document 1s disseminated under the sponsorship o f the Department o f  
Transportation In the In terest o f Information exchange. The United States  
Government assumes no l ia b i l i t y  for I ts  contents or use th ereof.



Technical Report Documentation Page
1. N i ,

FRA/ORD-92/32

2. Government Accession No. 3. R e c i f i f H i ' i  Cotoiog Na.

4. T i l l *  in 4  S u lt i ' l *

Advanced Train Control System Evaluation
5. R r M ' i  Do»o

October 1992
6. Perform ing Organisation Cod*

S. Perform ing Organisation Report No.

E066067, A v riie r'i)

Georqe I . Kuehn
9. Performing Organisation and Address

IIT Research In stitu te  
10 W. 35th Street 
Chicago, IL 60616

IO. W ..k  U m l N . ,  (T H A IS )

11. Contract or G iant No.

DTFR53-89-C-00015
13. Typo of Report oad Period Covered

Final Report 
3/1/89 to 9/1/92

15. Sponsoring Agency Nam# and Address

Federal Railroad Administration 
Washington, D.C., 20590 Id . Sponsoring Agency Code

15. Svpplomenlory N otes

14. Abstroct

This study was an evaluation of whether an Advanced Train Control System 
(ATCS) helped, hindered or was neutral with respect to the train  handling and 
operating rule observance of locomotive engineers.

Thirty engineers were randomly assigned to three groups representing the use 
o f (1) an ATCS d isp lay , (2) an a ltern ative d isp lay , and (3) conventional track  
warrants with a printed track p ro file . The performance o f the subjects was 
then assessed as they operated the Federal Railroad Administration (FRA) 
Research and Locomotive Evaluator/Simulator (RALES) located at the I IT 
Research In stitu te  (IITRI).

The trad ition a l paper warrant and a ltern ative d isp lay groups had speed 
v io la tio n s  while the ATCS d isplay group had none. An apparently concomitant 
r esu lt  was that the ATCS group produced a s ig n if ic a n t reduction in fuel 
consumption over the conventional paper warrant group. No ATCS group member 
tech n ica lly  v io lated  a slow order while members o f the other two groups 
displayed a to ta l o f 9 o f these fa ilu res (4 in one group, 5 in the other). 
Two slow order v io la tio n s would have been produced by the ATCS group, but 
these were prevented by the penalty brake application  of the ATCS system. 
While the ATCS group did not produce s ig n if ic a n tly  more in -tra in  force errors 
(run outs) than the paper warrant group, they did post s ig n if ic a n tly  more of 
these errors than the a ltern ative display group. There were no s ig n ifica n t  
d ifferen ces  between groups in number of fa ilu res  to blow the horn at 
cro ssin g s. No subject in any group fa iled  to respond to a stop s ig n a l.

17, Key Word*

ATCS Display 
A lternative Display 
Study 
Subjects

11. D istribution Stotomont

19* Security d o s s il ,  (of iH i*  report)

U
20. Security C le is if ,  (of th is  peg*)

U
21* No. of Poges

36
22 . P « ic .

Farm DOT F 1700.7 (1 -7 2 )

ii
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ADVANCED TRAIN CONTROL SYSTEN EVALUATION

1. INTRODUCTION

This Task Order involved an in it ia l  evaluation o f whether an Advanced 

Train Control System (ATCS) helped, hindered or was neutral with respect to  

tra in  handling by locomotive engineers. Thirty c e r t if ie d  locomotive engineer 

subjects were randomly assigned to groups which represented the use o f three 

operational approaches. The three groups represented use o f (1) an ATCS 

d isp lay , (2) an a ltern ative  d isp lay, and (3) conventional track warrants with 

printed track p r o f ile . The subjects' train  handling performance was then 

assessed as they operated the Federal Railroad Administration (FRA) Research 

and Locomotive Evaluator/Simulator (RALES) located at the IIT Research 

In stitu te  (IITRI).

1.1 THE STUDY

During the months o f May, June and July o f 1992, 30 c e r t if ie d  train  

serv ice locomotive engineers were ind ividually  oriented for a period of one 

hour to the ob jectives o f the study and the operation of the RALES FRA Class 1 

simulator at IITRI. A dditionally, each group was introduced to the form of  

track information they would use during the experiment: the ATCS d isp lay; the 

a ltern ative  d isp lay; or, the conventional Track Warrants and Track P ro file .

Following orien ta tion , the subjects commenced to run the sim ulation over 

the experiment route. The terr itory  used for the experiment was one which was 

unfam iliar to the subjects.

1.2 OVERVIEW OF RESULTS

The paper warrant and a ltern ative d isp lay groups had speed v io la tio n s  

while the ATCS d isp lay  group had none. No ATCS group member tech n ica lly  

v io lated  a slow order while members o f the other two groups displayed a to ta l
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of 9 of these fa ilu res  (4 in one group, 5 in the o th er). Two slow order 

v io la tion s would have been produced by the ATCS group, but these were 

prevented by the penalty brake application of the ATCS system. While the ATCS 

group did not produce s ig n if ic a n tly  more in -tra in  force errors (run-outs) than 

the paper warrant group, they did post s ig n if ic a n tly  more of these errors than 

the a ltern ative display group. There were no s ig n if ic a n t d ifferen ces between 

groups in number o f fa ilu res  to blow the horn at crossin gs. No subject in any 

group fa iled  to respond to a stop s ig n a l.
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2. THE SUBJECTS

Thirty subjects were so lic ite d  on an individual basis from four 

ra ilroad s. There were two experience requirements. F ir s t , each subject Was 

required to  be currently holding valid  c e r t if ic a t io n  as a train  serv ice  

locomotive engineer. Second, no individuals were accepted as subjects who had 

operating experience with the terr ito ry  used for the route in the study (S00 

Line route from Davis Junction to the Bensonville Yard).

Subjects were randomly assigned to the three groups used in the study. 

All subjects ran during the day or early evening hours (none la te r  than 2200, 

none e a r lie r  than 0700) on the basis o f a v a ila b ility  during th e ir  individual 

work schedules. No subject appeared to the observer to be overly fatigued or 

otherwise u n fit  for duty at the time of the experiment.
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3. THE PROCEDURE

3.1 ORIENTATION

Each sub jec t spent approxim ate ly one hour in  o r ie n ta t io n ,  led  by an 

experienced, c e r t i f ie d  supe rv iso r o f  engineers. During th is  o r ie n ta t io n ,  the 

s p e c if ic  s igna l aspects and ope ra ting  ru le s  (General Code) used in  the study 

were covered. The sub jec ts  then operated the RALES s im u la to r w ith  the 

experiment t r a in ,  but over d i f fe r e n t  t e r r i t o r y  from th a t used in  the study.

The t r a in  consisted o f 3 SD40 locom otives and 97 mixed goods cars fo r  an 

average o f  74.6 tons per o p e ra tive  brake.

The sub jects were randomly placed in  th ree  groups. Group 1 consisted o f 

10 sub jec ts  who were provided w ith  the ATCS S p e c if ic a tio n  320 le v e l 30 

d is p la y . The d isp la y  was shown on a 14 inch VGA m onito r loca ted  w ith  i t s  base 

12 inches above the l e f t  s ide  o f a standard AAR 105 cab stand. The face o f 

the m on ito r was in c lin e d  approxim ate ly 30 degrees to  place i t  pe rpend icu la r to  

the eng ineer's  l in e  o f s ig h t.

The graph ic d is p la y  softw are i t s e l f  was o r ig in a l ly  developed fo r  the 

Canadian National R a ilroad and provided by the Advanced T ra in  Control Systems 

program a t Canadian N a tio n a l. The d is p la y  software was processed by a 

standard IBM com patible personal computer. Adaptations were made by IITR I to  

a llow  communication between the RALES s im u la to r and the personal computer.

The le ve l 30 ATCS d is p la y  (Appendix A) provides a re p re sen ta tion  o f the 

t r a in  on a tra c k  p r o f i le  which s c ro lls  from r ig h t  to  l e f t  in  step w ith  the 

forward motion o f the t r a in .  The t r a in  is  a lso dep icted as a h o riz o n ta l bar 

which r is e s  and f a l l s  aga ins t a marked scale which in d ic a te s  t r a in  speed.

Track speed l im i ts  are shown in  te x t  form as w e ll as in  the form o f a red, 

h o r iz o n ta l tra c k  a u th o r ity  bar p lo tte d  on the same speed d is p la y  upon which
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the t r a in  appears. As the t r a in  increases in  speed, i t  r is e s  to  meet (o r 

exceed) the tra c k  a u th o r ity  speed bar. The end o f a u th o r ity  to  move is  

d isp layed  by a 90 degree downward tu rn  o f the a u th o r ity  bar to  the base line . 

Slow orders are represented as in ve rted  b a r r ie r  blocks which descend from the 

a u th o rity /s p e e d  bar to  reduce the "headroom" which in d ic a te s  maximum speed. 

Work b locks under the a u th o r ity  o f  a tra c k  foreman are represented as in ve rte d  

b a r r ie r  b locks which descend from the au tho rity /sp e e d  bar and touch the 

ba se lin e . In  the  c u rre n t study, a rad io  request to  the foreman was necessary 

fo r  the  work b lock  b a r r ie r  to  be ra ised  (no rm a lly  to  a speed less  than th a t 

d isp layed  by the  au tho rity /speed  b a r). In a d d it io n , a w h ite  box appears in  

advance o f  the t r a in  bar. The w h ite  box p re d ic ts  the fu tu re  speed o f  the 

t r a in  a t the tra c k  p r o f i le  p o s it io n  o f  the box given cu rre n t c o n tro l s e tt in g s  

and the e f fe c ts  o f  grade. Most im p o rta n tly , p re d ic te d  t r a in  speeds (w h ite  

box, d iscussed above) which v io la te d  a u th o r ity ,  work b lock o r speed l im i t s  by 

4 mph re s u lte d  in  an automatic pena lty  brake a p p lic a tio n  which requ ire d  a f u l l  

stop to  re s e t.

The Group 2 sub jects  (a lte rn a t iv e  d is p la y , Appendix B) were in troduced 

to  the  s p e c if ic s  o f  th a t d is p la y . The d is p la y  shown these sub jec ts  was used 

as a c o n tra s t to  the ATCS d is p la y . S p e c if ic a lly ,  the a lte rn a t iv e  d is p la y  

provided no advance knowledge o f speed l im i t s  and no p re d ic to r  re la t in g  to  the 

fu tu re  speed o f  the t r a in .  A d d it io n a lly ,  the a lte rn a t iv e  d is p la y  d id  not 

p rov ide  tra c k  w a rran t, work b lock in fo rm a tio n , o r pena lty  brake a p p lic a tio n  

fo r  v io la t io n s  o f  l im i t s .  The a lte rn a tiv e  d is p la y  was provided as a means to  

determ ine i f  any study e ffe c ts  came as the re s u lt  o f  a d is p la y  in  any form as 

compared to  the  s p e c if ic  in fo rm a tion  and c o n tro l provided by the ATCS d is p la y .

5



The d isp la y  provided as the a lte rn a t iv e  was one o f  numerous types 

a c tu a lly  used fo r  engineman feedback in  ro u tin e  opera tion  o f the s im u la to r. 

IITR I had o r ig in a l ly  de fined th is  d is p la y  as the " a l l  in  one" d is p la y  because 

o f  the broad, te le m e tr ic  in fo rm a tio n  i t  p rov ides. The d is p la y  shows cu rre n t 

speed, c u rre n t tra c k  speed l im i t  (which changes w ith o u t w a rn ing ), c u rre n t 

p o s it io n  o f  the t r a in  on a s c ro l l in g  tra c k  p r o f i le  d is p la y , c u rre n t grade 

in c l in a t io n ,  coup ler s la ck , in - t r a in  fo rce s , t ra c t io n  motor load meter reading 

and braking systems s ta tu s . A d d it io n a lly ,  the a lte rn a tiv e  d is p la y  showed 

a c c e le ra tio n /d e c e le ra tio n  ra te , the lo c a tio n  o f c ross ings , s ig n a ls , bridges 

and o th e r tra c k  lo c a tio n  fe a tu re s . For purposes o f the s tudy, the a lte rn a tiv e  

d is p la y  was presented on the same m onito r used fo r  the ATCS d is p la y .

Group 2 sub jects  were a lso  provided w ith  conventiona l w r it te n  tra c k  

warrants and a tra c k  p r o f i le  (Appendix C).

Group 3 sub jects were provided on ly  w ith  the conventiona l w r it te n  Track 

Warrants and the tra c k  p r o f i le .

A l l groups ran the same exerc ise  as represented by the conventiona l 

w r it te n  Track Warrants and over te r ra in  as represented in  the paper tra c k  

p r o f i le .  In each case, care was taken to  be c e r ta in  th a t each sub jec t 

understood the a p p licab le  ru le s , s igna l aspects and tra c k  w arrant fo rm at.

Each sub jec t signed a consent form (Appendix D). The sub jec ts  were 

provided compensation o f $250. The compensation was deemed app rop ria te  fo r  a 

h a lf  day period o f se rv ice  fo r  a locom otive engineer a c tin g  as an independent 

c o n tra c to r. No sub jec t expenses were compensated.

3.2 THE SUBJECT'S TASK

Subjects were in s tru c te d  to  cover the planned 63 m ile  rou te  as q u ic k ly  

as po ss ib le , fo llo w in g  a l l  movement a u th o r it ie s ,  slow o rde rs , tra c k  speed

6



The RALES s im u la to r cab is  equipped w ith  a ra d io  and the sub jec ts  were 

d ire c te d  to  request a u th o r it ie s  from tra c k  foremen and the d is p a tch e r ju s t  as 

they would in  the  rea l w orld . The supe rv iso r o f  locom otive engineers who had 

managed the  o r ie n ta t io n  a lso played the ru le  o f  d isp a tch e r and t ra c k  foremen 

from the remote s im u la to r o p e ra to r 's  console.

During the  experimental runs, an a le r te r  and an end o f t r a in  device were 

in  o p e ra tio n .

lim its  and operating rules. The subjects were also instructed to manage in-

tra ih  forces and observe safety rules ju st as they would in normal operation.
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4. DATA COLLECTION PROCEDURES

The RALES s im u la to r a llow s the  continuous c o l le c t io n  o f  v i r t u a l l y  every 

aspect o f  a chosen t r a in 's  s ta tu s  as fre q u e n tly  as .5 second in te rv a ls .  A 

data c o lle c t io n  in te rv a l o f  3 seconds was chosen. Previous experience has 

in d ic a te d  th is  in te rv a l to  be s u f f ic ie n t  to  capture a l l  o f  an o p e ra to r 's  

c o n tro l ac tions  as w e ll as a ccu ra te ly  re g is te r  both steady s ta te  and dynamic 

fo rces  in  the t r a in .

The RALES system a llow s the  e va lua tio n  o f  data in  terms o f  f la g s  which 

are se t to  capture instances where observed values exceed p rese t l im i t s .  

Flagged e rro rs  were c o lle c te d  fo r  each s u b je c t 's  run. The fo llo w in g  

performance data were flagged :

Speed L im it V io la t io n s : S p e c if ic  speed l im i t s  were se t fo r  various

lo c a tio n s  on each run and were flagged  when exceeded. A d d it io n a lly ,  the tim e 

d u ra tio n  fo r  each event o f  speed v io la t io n  was recorded. Since the ATCS 

d is p la y  c le a r ly  shows speed and speed l im i t s ,  th is  f la g  te s ts  the e f fe c t  o f 

the d is p la y  on th is  aspect o f  safe ope ra tion .

The standard o f a speed l im i t  v io la t io n  fo r  purposes o f the study was an 

excess o f  4 mph o r more over t ra c k  l im i t s .  The ATCS d is p la y  a lso  re fle c te d  

th is  standard.

Horn V io la tio n s : When an engineer fa i le d  to  blow the horn fo r  a 

c ro ss in g , the event was flagg ed . The S p e c if ic a tio n  320 d is p la y  used in  the 

study d id  not show crossing  lo c a tio n s  but each cross ing  was v is ib le  in  the 

scena rio . This f la g  was used as a v a r ia b le  which had the p o te n t ia l to  measure 

p o ss ib le  opera to r d is t r a c t io n  caused by watching the d is p la y  ra th e r  than the 

forw ard view. The IITR I "77 d is p la y "  does show crossings and consequently 

gave a p o te n tia l cross-check fo r  observa tions concerning th is  v a r ia b le .
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The s im u la tio n  scenario used fo r  the c u rre n t study had over 100

c ross ing s , many o f  them o f the ru ra l type. These cross ings are o fte n

d i f f i c u l t  to  d isce rn  because o f l im ite d  s ig h t l in e s  and re q u ire  a high degree
%

o f  v ig ila n c e  to  a n t ic ip a te .

Excessive Run-Out Force; There are 6 inches o f  s la ck  in  each standard 

coup le r ju n c t io n  in  a t r a in .  A f r e ig h t  t r a in  o f  100 cars has a to ta l  o f  

n e a rly  50 fe e t o f  s la ck . Sudden changes in  the forw ard motion o f  the t r a in  

can cause th is  s lack  to  be suddenly taken up w ith  a fo rce  s u f f ic ie n t  to  cause 

anyth ing  from  damage to  the la d in g  to  t r a in  separa tion  and de ra ilm e n t. A 

l im i t  o f  100 thousand pounds was selected as a f la g  va lue on the basis o f  

p r io r  experience in d ic a tin g  poss ib le  damage to  la d in g  from instantaneous 

fo rce s  exceeding th is  le v e l.  '•

Excessive Run-In Force: Run-in fo rces are s im ila r  to  ru n -o u t fo rces and

can cause anyth ing  from damaged la d in g  to  de ra ilm en t. The l im i t  fo r  ru n - in  

was flagged  a t - 1 0 0  thousand pounds.

V io la t io n  o f  Slow Orders: The experimental run had s ix  slow order areas 

(See Appendix C). Three o f  the slow orders were a fu n c tio n  o f  work done by 

"maintenance o f  way" groups under the d ire c t io n  o f a tra c k  foreman. When 

contacted by ra d io , the tra c k  foreman (played by the observer from the remote 

c o n tro l conso le) granted a u th o r ity  to  proceed a t a s p e c if ie d  reduced speed.

V io la t io n  o f  Track A u th o r it ie s :  Operation by an eng ineer o f  a t r a in

over a g iven rou te  requ ires  a u th o r iz a tio n  by w r it te n  orders o r from a 

d is p a tch e r to  cover successive segments o f tra c k . In the experim enta l run, 

the re  were fo u r  such a u th o r it ie s  which could be gained by co n ta c tin g  the 

d is p a tch e r on the  cab rad io  (d ispa tche r played by the o b se rve r). In the case 

o f  one a u th o r iz a tio n , the "d ispa tche r" p u rp o se fu lly  d id  not respond in  a

9



t im e ly  way. This caused the engineer to  stop a t the end o f  the then cu rre n t 

a u th o r iz a tio n . Compliance w ith  the mandatory stop was recorded. I t  was 

considered a fa i lu r e  i f  the stop was not made, or was made past the a u th o r ity  

end.

F a ilu re  to  Stop Before a Red S ig n a l: Track s igna l systems are the

major defense aga inst r a i l  v e h ic le  c o l l is io n s .  Locomotive engineers are 

expected to  stop t h e ir  t ra in s  in  a lo c a tio n  be fore , ra th e r than a f te r ,  the 

s igna l p o s it io n . I t  was considered a f a i lu r e  in  the c u rre n t study i f  a 

sub jec t were to  stop the t r a in  w ith  any p a rt o f  the t r a in  past the s igna l 

p o s it io n .

10



5. RESULTS

As in d ic a te d  e a r l ie r ,  the study measured the fo llo w in g  v a r ia b le s :

1. Track speed l im i t  v io la t io n s

2. D uration o f  tra c k  speed v io la t io n s

3. Run-in fo rces

4. Run-out fo rces

5. V io la t io n  o f slow orders

6 . V io la tio n  o f tra c k  a u th o r it ie s  (w arran ts)

7. F a ilu re  to  blow the horn a t c ross ings .

8 . F a ilu re  to  stop before red s ig n a l.

The re s u lts  are shown in  ta b u la r  form below:

RESULTS: MEANS AND STANDARD DEVIATIONS

Group 1 Group 2 Group 3
(ATCS) (A lte rn a te ) (Paper)

V a ria b le Mean S.D. Mean S.D. Mean S.D.

1. Speed 0 . 0* 0 . 0 6 .5 * 3.67 5 .7 * 5.65
2. D ura tion 0 . 0* 0 . 0 49.9* 46.40 52.1* 45.95
3. Run-In 4.2 3.16 4.4 1 .2 0 3.8 3.06
4. Run-Out 3 .0 * 2.60 1 . 6* 1.56 2.8 1.25
5. Slow Order 0 . 0* 0 . 0 .5 * .50 .4* .49
6 . Track A. 0 . 0* 0 . 0 . 2* .40 . 1 .30
7. Horn 6.8 7.15 10.8 12.30 6.4 7.28
8 . S ignal 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

(indicates significant difference; see discussion of results)

The u n its  o f  measurement in  the ta b le  above are MPH fo r  speed and seconds fo r  

d u ra tio n . A l l  o the r va ria b le s  are reported as number o f occurrences over the 

63 m ile  run.
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6. DISCUSSION OF RESULTS

The le v e l 30 ATCS d is p la y  used in  the study appeared to  have a strong 

in flu e n ce  over the c o n tro l o f  t r a in  speed and a c o ro lla ry  b e n e fit  in  reduced 

fu e l consumption. The a lte rn a t iv e  d is p la y , added as a comparison, d id  not 

show s im ila r  advantages. I t  is  reasonable to  conclude, th e re fo re , th a t  the 

d iffe re n c e s  noted were not due to  the sim ple e f fe c t  o f  having a d is p la y  

presen t. The a lte rn a t iv e  d is p la y  d id  show d e c e le ra tio n /a c c e le ra tio n  ra te s  ( in  

m iles per hour per m inute) and actua l tra c k  speed l im i t s  whenever new speed 

zones were entered. I t  d id  n o t, however, inc lude  a speed p re d ic to r  s im ila r  to  

th a t used in  the ATCS d is p la y . The speed p re d ic to r  would appear, th e re fo re , 

to  be a prime agent in  the su p e rio r management o f  speed o f  the ATCS group over 

both the a lte rn a t iv e  d is p la y  and the paper w arrant groups.

Where d iffe re n c e s  ex is ted  between the ATCS d is p la y  group and the "paper 

w arran ts" group (group #3), a s t a t is t ic a l  te s t  c a lle d  the " t  te s t"  was used to  

determine the ex ten t to  which d iffe re n c e s  could have happened by chance alone. 

A s ig n if ic a n t  t  te s t  does not exp la in  the cause o f d iffe re n c e s  but does g ive  a 

p ro b a b il i ty  frame o f  re fe rence to  the degree o f  d iffe re n c e s  noted.

Speed v io la t io n s  and d u ra tio n  o f  v io la t io n s  were 0 fo r  the ATCS sub jec ts  

w h ile  the o the r groups posted 5 to  7 mph average excesses held approxim ate ly 

45 seconds on average. The d iffe re n c e s  between the ATCS group and o th e r 

groups were, understandably, s ig n if ic a n t  in  a s t a t is t ic a l  sense. The t  te s t  

showed th a t the d iffe re n c e s  between Group I and the o the r two groups could 

have on ly  happened by chance fewer than once in  5000 tim es.

The ATCS system used in  the study ca lcu la te d  a p red ic ted  speed fo r  the 

t r a in  based on i t s  c u rre n t s ta te  o f  ope ra tion  and the grade changes on the 

tra c k  ahead. This p ro je c tio n  was d isp layed  as a small w h ite  box which lead
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the  lo c a tio n  o f  the t r a in  on the d is p la y . When the p red ic te d  ra te  o f speed 

was 4 mph o r more h igher than allowed fo r  the p ro je c te d  tra c k  lo c a tio n , a 

pe n a lty  brake a p p lic a tio n  was invoked.

There was no s ig n if ic a n t  d iffe re n c e  between the ATCS group and the paper 

w a rran t group in  management o f  in - t r a in  fo rces ( ru n - in  and ru n -o u t) .  The ATCS 

group d id ,  however, produce s ig n if ic a n t ly  more run outs than the a lte rn a t iv e  

d is p la y  group. A d iffe re n c e  o f  th is  order could have happened by chance fewer 

than 1 in  10 tim es. This f in d in g  would appear to  support the v a l id i t y  o f  the 

a lte rn a t iv e  d is p la y  as a c o n tra s t, since th a t d is p la y  does show coup le r 

c learances and in - t r a in  fo rces on a rea l tim e bas is . These data a lso  in v ite  a 

conc lus ion  th a t  engineer t r a in  handling performance in  general can be.improved 

through g raph ic  d isp la ys  o f  te le m e tr ic  data.

The le v e l 30 ATCS d is p la y  appeared to  be b e tte r  than an a lte rn a t iv e  

d is p la y  o r normal "paper" opera tion  in  p reven ting  v io la t io n s  o f  slow orders or 

t ra c k  a u th o r it ie s  (w a rra n ts ). No ATCS sub jec t v io la te d  slow orders o r tra c k  

a u th o r i t ie s .  I t  should be remembered th a t the ATCS system assessed pena lty  

brake a p p lic a tio n s  i f  the speed p re d ic to r  in d ica te d  th a t the ope ra to r would 

no t be able to  slow the t r a in  to  a lim ite d  speed (o r zero speed fo r  an 

a u th o r ity )  g iven cu rre n t c o n tro l s e tt in g s . W hile these d iffe re n c e s  were 

s ig n i f ic a n t ,  they were not la rg e . A close in sp e c tio n  o f  the run summaries o f 

a l l  sub jec ts  show a un ive rsa l tendency to  slow fo r  slow orders and tra c k  

a u th o r i t ie s .  But the ATCS group d id  so w ith  complete com pliance. I t  seems 

reasonable to  conclude th a t the speed p re d ic tio n  based pen a lty  brake fe a tu re  

o f  the ATCS d is p la y  used in  the study has the power to  fo rce  a high le v e l o f  

com pliance. Two o f  the ATCS d is p la y  sub jects would have v io la te d  slow orders 

associa ted w ith  work blocks which appeared on the d isp la ys  had i t  not been fo r
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pena lty  brake a p p lic a tio n  produced by the ATCS system. In the c u rre n t s tudy, 

the  pena lty  a p p lic a tio n  was s u f f ic ie n t ly  in  advance to  b rin g  the speed o f  the 

t r a in  w ith in  the l im i t  when the  beginning o f  the speed r e s t r ic t io n  was 

reached. In both instances, the observer noted th a t the sub jec ts  were slow ing 

a p p ro p ria te ly , but narrow ly m isjudged the  d e ce le ra tio n  ra te  necessary to  meet 

the slow order l im i t s .  The d is p la y  i t s e l f  may have c o n tr ib u te d  to  these 

e r ro rs , as the speed p re d ic t io n  "box" fre q u e n tly  jumped e r r a t ic a l ly  up and 

down w h ile  the t r a in  was being dece le ra ted .

The le v e l 30 ATCS d is p la y  d id  not appear to  cause d is tra c t io n s  in  t r a in  

handling in  comparison to  an a lte rn a t iv e  d is p la y  o r normal ( t r a d i t io n a l 

warrants and p r o f i le s )  ope ra tio n . The ATCS d is p la y  d id  not have any 

in d ic a tio n  o f  the lo c a tio n  o f  cross ings w h ile  the a lte rn a t iv e  d is p la y  d id  have 

id e n t ify in g  markers. N e ith e r d is p la y  appeared to  have an e f fe c t  on s ig n a lin g  

fo r  c ross ing s , as no s u b s ta n tia l d iffe re n c e  appeared between the th re e  groups 

in  th is  respec t. Had e ith e r  o f  the two d isp la ys  caused d is tra c t io n s ,  they 

would have shown d iffe re n c e s  in  comparison to  the non -d isp lay  group. This was 

not the case. The experimental run had many sm a ll, ru ra l " fa rm e r's  c ross ings" 

loca ted  in  areas w ith  curves and moderate vege ta tio n . In a d d it io n , many o f 

these small crossings were unmarked and none o f  th is  type had highway ve h ic le s  

o r  farm equipment p resen t. Since a number o f sub jec ts  in  each group missed no 

crossings whatsoever, i t  may be th a t m issing crossings was a fu n c tio n  o f 

engineer experience w ith  co n d itio n s  s im ila r  to  those in  the experim enta l run 

ra th e r than la ck  o f  v ig ila n c e .

No sub jec t in  any o f  the  th ree  groups fa i le d  to  stop fo r  the  red s igna l 

presented in  the s im u la tio n . "G e ttin g  past" a red s igna l is  grounds fo r  major 

d is c ip l in a ry  a c tio n  on U.S. ra ilro a d s ;  consequently, locom otive engineers tend
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to  respond to  these s ig n a ls  w ith  a high le v e l o f  compliance. The complete 

compliance w ith  red s ig na ls  by the sub jects in  the study suggests th a t they 

undertook the s im u la tio n  exerc ise  w ith  a le v e l o f  seriousness s im ila r  to  th a t 

which they apply to  t r a in  handling in  the rea l w o rld .

Because o f  the apparent advantage the ATCS d is p la y  had fo r  c o n tro l o f 

speed, the data were inspected fo r  elapsed tim e and fu e l consumption. The 

f in d in g s  are shown below:

AVERAGE ELAPSED TINE AND AVERAGE FUEL CONSUMPTION (IN GALLONS)

Elapsed Fuel
______ Group Time________ S.D.____________ Used________ S.D.________

ATCS D isp lay  2 :12 :57* 0:11:37 475.4* 30.05
A lte rn a te  D isp lay  2 :01 :33* 0:07:30 482.7 38.93
Paper Only 2:07:34 0:04:38 504.9* 51.96

('Indicates significant difference; see text)

The group using the ATCS d is p la y  took, on average, ju s t  under 11 minutes 

30 seconds longer (approxim ate ly 9.5%) to  cover the 63 m ile  rou te  than the 

fa s te s t  group. As was noted e a r l ie r ,  the ATCS group had no speed v io la t io n s  

w h ile  the o the r groups produced a s ig n if ic a n t  number o f  v io la t io n s .  The ATCS 

group used less  fu e l on average than any group and s ig n i f ic a n t ly  le ss  than the 

paper w arran t group ( t  o f  -1 .46 im p lies  the d iffe re n c e s  could have happened by 

chance less  fre q u e n tly  than one tim e in  te n ) . While the  d iffe re n c e  noted 

works out to  a savings o f on ly  4.2% based on averages, to ta l  group consumption 

is  more t e l l in g .  The ATCS d is p la y  group used a to ta l  o f  4,754 g a llo n s , w h ile  

the  paper w arrant group used 5,049 ga llo n s , a savings o f  295 g a l lo n ; .  The 

ATCS group savings was 73 g a llo ns  over the a lte rn a t iv e  d is p la y  group, a 

d iffe re n c e  which was not s t a t i s t i c a l l y  s ig n if ic a n t .  The conclusion  seems
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warranted th a t improved feedback to  the engineer o f  t r a in  co n d ition s  seems to  

decrease fu e l consumption and th a t th is  b e n e fit  comes from improved management 

o f  speed.
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7. IMPLICATIONS FOR FURTHER RESEARCH

One of the tendencies noted in the current study, when the data were 

reviewed on a lin e  by lin e  (tr ip  log) b asis, was that o f "running at the 

lim it ."  All subjects showed a tendency under these conditions o f occasionally  

going over the nominal lim it , as a consequence o f grade e f fe c t s .  Since the 

ATCS subjects were le s s  l ik e ly  to exceed speed lim its  by the 4 mph leve l used 

in the study, i t  appears that performance was the resu lt o f e ith er  or both of  

the two d is t in c t iv e  features o f the display: (1) an impending penalty brake 

application; and/or (2) the leading speed prediction marker. Since these  

features o f the ATCS display worked so w ell, and did so without apparently 

causing decreased v ig ila n ce , i t  seems reasonable and productive to study the 

independent and in tera ctiv e  e f fe c ts  of penalty brake and leading speed 

prediction .

In recent years, simulation and instrumentation stud ies have estab lished  

an improved knowledge base in regard to the e f fe c t  o f various train  handling 

practices upon in -tra in  forces. Since many tra in  handling problems a rise  from 

untimely attempts to a lte r  the speed of the tra in , i t  stands to reason that an 

ATCS instrumentation which leads to better speed management may well decrease 

tra in  accidents and incidents which are caused by improper train  handling. 

Research aimed at d isp lays intended to optimize speed and in -tra in  forces  

seems ju s t if ie d  by the potential b en efit.

In a recent p ilo t  study of s tress  and fatigu e in locomotive engineers 

(FRA-ORD/92/17), a tendency was noted for v ig ilan ce  to be apparently lowered 

in s itu a tio n s  requiring reduced operator control action s. I t  may be that the 

refined control o f speed available to the engineer and/or the impending 

penalty brake application  of the level 30 ATCS d isp lay used in the current
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study may provide an influence which increases v ig ilan ce  during periods of  

reduced control demand. It may be productive, therefore, to see i f  the 

presence o f the level 30 ATCS display causes an increase in control actions  

and in measures o f v ig ilan ce  over terr ito ry  segments characterized as "low 

control demand."
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APPENDIX A

This appendix contains a representation o f the ATCS S p ecification  320 

display used in the study. Specification  320 permits variation  in display  

formats. Extrapolation o f resu lts  in the current study to other S p ecifica tion  

320 d isp lay formats should be undertaken with caution.

The sim ulation head end locomotive was run "short hood" forward. The 

disp lay was shown on a 14 inch VGA monitor located with i t s  base 12 inches 

above the l e f t  side o f a standard AAR 105 cab stand. The d isp lay face was 

t i l t e d  approximately 30 degrees to place i t  perpendicular to the engineer's 

l in e  o f s ig h t.

The graphic d isp lay software i t s e l f  was o r ig in a lly  developed for the 

Canadian National Railroad and provided by the Advanced Train Control Systems 

program at Canadian National. The display software was processed by a 

standard IBM compatible personal computer. Adaptations were made by IITRI to 

allow communication between the RALES simulator and the personal computer.

The level 30 ATCS display (page A-3) provides a representation of the 

tra in  on a track p ro file  which sc r o lls  from right to  l e f t  in step with the 

forward motion of the tra in . The train  is  also  depicted as a horizontal bar 

which r ise s  and f a l l s  against a marked scale which ind icates tra in  speed.

Track speed lim its  are shown in text form as well as in the form o f a red, 

horizontal track authority bar plotted on the same speed d isp lay upon which 

the tra in  appears. As the train  increases in speed, i t  r ise s  to meet (or 

exceed) the track authority speed bar. The end o f authority to move is  

displayed by a 90 degree downward turn of the authority bar to the b ase lin e. 

Slow orders are represented as inverted barrier blocks which descend from the 

authority/speed bar to reduce the "headroom" which ind icates maximum speed.
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Work blocks under the authority o f a track foreman are represented as inverted  

barrier blocks which descend from the authority/speed bar and touch the 

b aselin e. A request to  the foreman is  necessary for the work block barrier to 

be raised (normally to a speed le s s  than that displayed by the authority/speed  

bar). In addition, a white box appears in advance o f the train  bar. The 

white box predicts the future speed of the tra in  at the track p ro file  position  

of the box, given current control se ttin g s  and the e f fe c ts  o f grade. Most 

importantly, predicted train  speeds (white box, mentioned ea r lier )  which 

vio lated  authority, work block or speed lim its  resu lted  in an automatic 

penalty brake application  which required a fu ll  stop to re se t.
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APPENDIX B

This appendix contains a representation of the IITRI "all in one" or "77 

display" used in the study. The a ltern ative d isp lay represents feedback on 

the track crossin gs, braking systems, coupler slack , and train  forces not 

found in the ATCS 320 display used in the study. The a ltern ative  d isp lay was 

included as a contrast or cross-check to the ATCS d isp lay . For example, the 

a ltern ative  d isp lay  does not include pacing information, track a u th o r ities , or 

work block inform ation. The expectation was that the a ltern ative  d isp lay  

would be more l ik e ly  to influence subject management o f in -tra in  forces than 

the ATCS d isp lay and le ss  lik e ly  than the ATCS d isplay to influence compliance 

with speed lim its  or movement au th orities. Study findings were con sisten t 

with th is  expectation .
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TYPICAL ALL-IN-ONE TRAIN INFORMATION DISPLAY
(120 CARS)
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B u ff  fo rc e s  th ro u g h o u t tra in
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APPENDIX C

This appendix contains the track warrants (or au th orities) and example 

o f the track p r o file  type used with the sub jects. The f ir s t  group re lied  on 

the ATCS d isp lay  for th is  information. The second group re lied  on the 

a ltern a tiv e  d isp lay for the track p ro file  information (including speed lim its)  

but used the warrants for authority to move. The third group used both the 

track warrants and the track p ro file  which are shown here. All groups 

communicated with track foremen and a dispatcher role played by a c e r t if ie d  

supervisor o f  locomotive engineers.
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M W  soo LINE RAILROAD TRACK BULLETIN FORM D

NO

OK COPIED SY DISPATCHER

U p s o o  LINE RAILROAD TRACK BULLETIN FORM B

N o  B 2 0 6 ____________________

LOCATION

D a v is  J e t

OATE

T o d a v

T O C & E E x t r a  2 0 0 6  E a s t

r

ON , BE GOVERNED BY RULE 455 WITHIN THE FOLLOWING LIMITS:

LINE
VOID

UNE
NO.

LIMITS
MP TO MP FROM UNTIL TRACK (S) FOREMAN OR GANG NO. STOP..

1 7 4 . 9 7 5 . 0 1 2 : 0 1 A 1 1 :5 9 P M A IN W ESLEY

2 5 0 . 0 - 5 0 . 1 1 2 : 0 1 A 1 1 .-5 9 P M A IN R 0H TE R

3 3 7 . 9 3 8 . 0 1 2 : 0 1 A 1 1 : 5 3 P E A S .T W K D GRAYD0N
4

S

6

7

a

9

10

OK COPIED BY DISPATCHER

C - 2



'I

I

T 0 . C & E E x t r a  2 0 0 6  E a s t ____________ A T .. M P80

1 n T R A C K  W A R R A N T  N O . .  IS  V O ID .

2.

L_l

r a P R n D F F D  F R O M M P 80 T O M P59 O N  M A IN T R A C K .

3 n P R D r .F F D  F R O M T O O N T R A C K .

4.
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L^J
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L J

n T H IS  Al J T H O R IT Y  E X P IR E S  A T
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14. 0  D O  N O T  E X C E E D  3 0  M P H  B E T W E E N  M P67_______________ :________________________________________ A N D

• M P 66 HEAD END ONLY . ______________________________________________________________________________i "

15. g .  P R O T E C T IO N  A S  P R E S C R IB E D  B Y  R U L E  9 9  N O T  R E Q U IR E D  A G A IN S T  F O L L O W IN G  T R A IN S  O N  T H E

S A M E  T R A C K .

16. T R A C K  B U L L E T IN S  IN  F F F F C T  B 2 0 6  . __________________________ ._______________________________________________

■ I I -  ■ ■ —  !■ ■ f    t I. » — f ' ■ I -  -  ■ » | , I

17. □  O T H E R  S P E C IF IC  IN S T R U C T IO N S :_________________________________________________

O K _____________NOW______________

R E L A Y E D  T O ___________________

L IM IT S  R E P O R T E D  C L E A R  A T

D IS P A T C H E R  

C O P IE D  B Y  _  

B Y ____________

WFT__________

A n y  B o d y

fOBM 1258 15481 (M a rk “X" in box for each item  instructed.) C - 3



TRACK WARRANT
_aa Today 92

to- C & E Extra 2006 East AT: MP 59

TRACK WARRANT NO. IS VOID.

PROCEED FROM MP59 .TO MP50 ON main TRACK.

PROCEED FROM TO _ ON TRACK.

WORK BETWEEN AND . . ON TRACK.

5. □  NOT IN EFFECT UNTIL______

6. □  THIS AUTHORITY EXPIRES AT.

7. □  NOT IN EFFECT UNTIL AFTER ARRIVAL OF. 

AT ___________________________

8. \T\HOLD MAIN TRACK AT U\ST NAMED POINT.

9. □  DO NOT FOUL LIMITS AHEAD OF_________

10. □  CLEAR MAIN TRACK AT LAST NAMED POINT.

11. □  BETWEEN_____________________________ AND.
MAKE ALL MOVEMENTS AT RESTRICTED SPEED. LIMITS OCCUPIED BY TRAIN OR ENGINE.

12. □  BETWEEN____________ AND______________ MAKE ALL MOVEMENTS AT RESTRICTED SPEED AND
STOP SHORT OF MEN OR MACHINES FOULING TRACK.

13. □  DO NOT EXCEED____ MPH BETWEEN_________________________________________________ AND

14. Q  DO NOT EXCEED____MPH BETWEEN , .AND

15. □  PROTECTION AS PRESCRIBED BY RULE 99 NOT REQUIRED AGAINST FOLLOWING TRAINS ON THE 
SAME TRACK.

16. □  TRACK BULLETINS IN EFFECT.

17. □  OTHER SPECIFIC INSTRUCTIONS:.

OK. Now

RELAYED TO.

LIMITS REPORTED CLEAR AT.

WFT. DISPATCHER__

COPIED BY Any Body

BY.
PClBu m i n.Mi (Mark'X’ in box for each item instructed.) c_4



TRACK WARRANT
N O . ____ 2 L

T o d a y

J O ; C & E E x t r a  2 0 0 6  E a s t A T :. MP 5 2

4. □  W O R K  B E T W E E N

5. □  N O T  IN E F F E C T  U N T IL ________________________

6. □  T H IS  A U T H O R IT Y  E X P IR E S  A T _______________

7. □  N O T  IN E F F E C T  U N T IL  A F T E R  A R R IV A L  O F .

A T  _______________________________________

8. □  H O L D  M A IN  T R A C K  A T  L A S T  N A M E D  P O IN T .

9. □  D O  N O T  F O U L  L IM IT S  A H E A D  O F __________ __

10. □  C L E A R  M A IN  T R A C K  A T  U S T  N A M E D  P O IN T .

11. □  B E T W E E N _________________________________________ A N D .

9 2
_  19 _ _

T  N O . 8 9 IS  V O ID .

MP 5 2 T O MP 4 4 . 6 O N  M A IN  T R A C K .

MP 4 4 . 6 T O MP 3 5 . 6 O N  ESTWRD t r a c k .

A N D O N  T R A C K .

M A K E  A LL M O V E M E N T S  A T  R E S T R IC T E D  S P E E D . L IM IT S  O C C U P IE D  B Y  T R A IN  O R  E N G IN E .

12. □  B E T W E E N __________________A N D ____________________ M A K E  A LL M O V E M E N T S  A T  R E S T R IC T E D  S P E E D  A N D

S T O P  S H O R T  O F  M E N  O R  M A C H IN E S  F O U L IN G  T R A C K .

13. Q  D O  N O T  E X C E E D  4 0  M P H  B E T W E E N  MP 4 7 __________________________________________________________ A N D

m p  4 6 _______________________ ’___________ ;_____________________________________________________ :_____________________

14. Q  D O  N O T  E X C E E D _______M P H  B E T W E E N . A N D

15. □  P R O T E C T IO N  A S  P R E S C R IB E D  B Y  R U L E  99  N O T  R E Q U IR E D  A G A IN S T  F O L L O W IN G  T R A IN S  O N  T H E

S A M E  T R A C K .

16. [T j  T R A C K  B U L L E T IN S  IN  E F F E C T _ B 2 0 6 ____________________________________________________________________________

17. □  O T H E R  S P E C IF IC  IN S T R U C T IO N S :

O K ___________ Now___________________________________ D IS P A T C H E R  WFT

R E L A Y E D  T O _______________________________________ C O P IE D  B Y  A n y  B o d y

U M IT S  R E P O R T E D  C L E A R  A T ____________________ B Y ______________________________
(M ark“X '  in box for each item  instructed.)PCBM C -5
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6 (A )

15.5 9500 1 KNSBNviLLE YARD 283 BKRTY i E
i 174) 9504 TOWER B 17 27.4 IY A
1R 17.2 9506 BENSENVILLE 27.2 S
1D 19J 9506 WOOO DALI 25.3

T21.0 9S10 ITASCA 23.4 w j
23 3 9512 MEDfNAH 21.4 A
223 9514 ROSELLE 20.5 R

1 265 9516 | 2.6
SCHAUMBURG 17.9 D

| 2S.4 9S18 | 13
HANOVER PARK \| 16.0

11 30.1 9320 j 1*7
BARTLETT |1 14J

32.7 9322 j
2.6

SPAULDING 
IZJZ CrMiinrl

11.7 IPT J
!i

5
| 355 9524 TOWER B 33

ICNW Crowiftfl
92 IP j

6

36.0
0 2

f£jsi E*4 of DTI 
NATIONAL ST. 3.4

36.6 | 9326 | 1
0.6

ELGIN 73 BXRY £

39.6 | _ 1 BIG TIMBER BO. | Y jj

4U  i 9525

n.G , 
PIN GREÊ G ROVE 93.9 s

505 | 9530 | 1 HAMPSHIRE | S7.4
1
j

393 | 9532 2C-f 34 |
5.3

GENOA 79.1
11 
j

1 79 3 9560 21666
(JcL. Jaaesvilic Sub) 

DAVIS JCT. 
CBN Ctwhbj)

55.4 ATY

SPEED RESTRICTIONS *

M A X I M U M  S P E E D 50

All trains through crossovers at the following
locations:......................................................................
Tower B 12 Roselle
Tower B 17, Third crossover Spaulding, crossover within 

East of Tower interlocking
Tower B 25, through turnouts

40

MAXIMUM, on sidings Genoa, Davis Jet.,
25

■ MAXIMUM thru turnout at fhngree Grove
25

YARD LIMITS 

West location  

M P40.0....................Elgin

Ess! Location 

. . .  .T o w e rB 25

I!

BLOCK SYSTEM LIMITS

A3$ Is Jn use between Tower A 5 end Plngree Grove. Bciwecn Tower 
AS end Tower B 17, Rule 255 is in eHecl. Between T ower G 25 and 
Plngree Grove. Rule 251 Is In effect. Rule $? docs not apply bet
ween Towtr B 25 and Plngree Grove.

ABS Is In use between Plngree Grove and Savanna

CTC Is In use between Tower B 17 and Tower B 25, conlroiled by the 
operator at Tower B 17.

C-6



APPENDIX D

This appendix contains the subject consent form used in the study.
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ZIT RESEARCH INSTITUTE CONSENT FORM
ADVANCE TRAIN CONTROL SYSTEM STUDY

I, ______ |_____________________consent to be a subject of theresearch program described below.
1. The purpose of this experiment is to evaluate the effect of 

two forms of Advance Train Control System displays on the performance of locomotive engineers in comparison with 
conventional methods of conveying route information. The experiment will be conducted on the locomotive/train 
simulators at the IIT Research Institute (IITRI).
I have been selected for this study because I am a certified Train Service Engineer under current FRA regulation.

2. I understand that I will be asked to serve as the human 
subject for the evaluation.

3. During the evaluation, I will be required to complete a 
simulated heavy freight run of approximately two hours 
duration following one hour of orientation (a total of 
approximately three hours).

4. I understand that my services will be compensated at the firm 
fixed price of $250 and that no other compensation will be 
provided.

5. I understand that I may contact any of the following individuals with any questions that I may have about this study or my participation in it as a research subject:
Name: George Kuehn _____________ _____________________Title: Principal Investigator
Organization: Transportation Technology
Telephone No: 567-4148________________

6. I understand that any questions I have regarding this research or my rights as a volunteer will be fully answered by GeorgeKuehn______________ or his/her designate. Further, I
understand that I am free to withdraw my participation in the 
project at any time without penalty.

7. I understand that, in the unlikely event of a physical injury, medical emergency treatment will be provided. I alsounderstand that neither George Kuehn________  nor IITRI will
be financially responsible for injuries not due to the 
negligence of George Kuehn____________ _ or IITRI which

D-2



may be sustained by me while, or as a result of, participating as a subject in this research program.

I have read and understand the various aspects of my participation in this study, all of my questions have been answered, and I voluntarily agree to participate.

Name:_______,_____________________Name:____________________Subject (Print) Witness (Print)

Signature: Signature:

Date: Date:

B
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Advanced Train Oontfoi.System Evaluation, 
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