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PREFACE
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the effects of the ATCS Specification 320 level 30 display on the train
handling performance of locomotive engineers.

The original IITRI Project Manager for this work was Mr. John Granath.
The wofk was concluded, subsequent to Mr. Granath’s retirement, by Dr. George
I. Kuehﬁ. Mr. Garold R. Thomas was the FRA Contracting Officer’s Technical
Representative on this project. The assistance of all concerned throughout

the course of the work is gratefully acknowledged.
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ADVANCED TRAIN CONTROL SYSTEM EVALUATION

1. INTRODUCTION

This Task Order involved an initial evaluation of whether an Advanced
Train Control System (ATCS) helped, hindered or was neutral with respett to
train handling by Tocomotive éngineers. Thirty certified locomotive engineer
subjects were randomly assigned to groups which represented the use of three
operational approaches. The three groups represented use of (1) ah ATCS
display, (2) an alternative display, and (3) conventional track warrants with
printed track profile. 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
Institute (IITRI).
1.1 THE STUDY

‘During the months of May, June and July of 1992, 30 certified train
service locomotive engineers were individually oriented for a period of one
houf to the objectives of the study and the operation of the RALES FRA Class 1
simulator at IITRI. Additionally, each group was introduced to the form of
track information they would use during the experiment: the ATCS display; the
alternative display; or, the conventional Track Warrants and Track Profile.

- Following o;ientation, the subjects commenced to run the simulation over
the experiment route. The territory used for the experiment was one which was
unfamiliar to the subjects.

1.2 OVERVIEW OF RESULTS

The paper warrant and alternative display groups had speed violations
while the ATCS display group had none. No ATCS group member technically
violated a slow order while members of the other two groups displayed a total

1



of 9 of these failures (4 in one group, 5 in the other). Two slow order
violations 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 significantly more in-train force errors (run-outs) than
the paper warrant group, they did post significantly more of these errors than
the alternative display group. There were no significant differences between
groups in number of failures to blow the horn at crossings. No subject in any

group failed to respond to a stop signal.



2. THE SUBJECTS

Thirty subjects were solicited on an individual basis from four
'railroads. There were twd experience requirements. First, each subject was
required to be currently holding valid certification as a train service
Tocomotive engineer. Second, no individuals were accepted as subjects who had.
operating experience with the territory used for the route in the study (SO0
Line route from Davis Junction to the Bensonville Yard).

Subjects were randomly assigned to the three groups used in the siudy}
A11 subjects ran during the day or early evening hours (none later than 2200,
none earlier than 0700) on the basis of availability during their individual
work schedules. No subject appeared to the observer to be overly fatigued or

otherwise unfit for duty at the time of the experiment.



3. THE PROCEDURE
3.1 ORIENTATION

Each subject spent approximately one hour in orientation, led by an
experienced, certified supervisor of engineers. During this orientation, the
specific signal aspects and operating rules (General Code) used in the study
were covered. The subjects then operated the RALES simulator with the
experiment train, but over different territory from that used in the study.
The train consisted of 3 SD40 locomotives and 97 mixed goods cars for an
average of 74.6 tons per operative brake.

The subjects were randomly placed in three groups. Group 1 consisted of
10 subjects who were provided with the ATCS Specification 320 level 30
display. The display was shown on a 14 inch VGA monitor located with its base
12 inches above the left side of a standard AAR 105 cab stand. The face of
the monitor was inclined approximately 30 degrees to place it perpendicular to
the engineer’s line of sight.

The graphic display software itself was originally 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 Tevel 30 ATCS display (Appendix A) provides a representation of the
train on a track profile which scrolls from right to left in step with the
forward motion of the train. The train is also depicted as a horizontal bar
which rises and falls against a marked scale which indicates train speed.
Track speed 1imits are shown in text form as well as in the form of a red,

horizontal track authority bar plotted on the same speed display upon which



the train appears. As the train increases in speed, it rises to meet (or
exceed) the track authority speed bar. The end of authority to move is
‘displayed by a 90 degree downward turn of the authority bar to the baseline.
Slow orders are represented as inverted barrier blocks which descend from the
authority/speed bar to reduce the "headroom" which indicates maximum speed.
Work blocks under the authority of a track foreman are represented as inverted
barrier blocks which descend from the authority/speed bar and touch the
baseline. In the current study, a radio request to the foreman was necessary
for the work block barrier to be raised (normally to a speed less than that
displayed by the authority/speed bar). In addition, a white box appears in
advance of the train bar. The white box predicts the future speed of the
train at the track profile position of the_box given current control settings
and the effects of grade. Most importantly, predicted train speeds (white

box, discussed.above) which violated authority, work block or speed limits by

4 mph resulted in an automatic penalty brake application which required a full

stop to reset.
The Group 2 subjects (alternative display, Appendix B) were introduced
to the specifics of that display. The display shown these subjects was used

as a contrast to the ATCS display. Specifically, the alternative display

provided no advance knowledge of speed limits and no predictor relating to the -

future speed of the train. Additionally, the alternative display did not
provide track warrant, work block information, or penalty brake application
for violations of limits. The alternative display was provided as a means to
determine if any study effects came as the result of a display in any form as

compared to the specific information and control provided by the ATCS display.
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The display provided as the alternative was one of numerous types
actually used for engineman feedback in routine operation of the simulator.
IITRI had originally defined this display as the "all in one" display because
of the broad, telemetric information it provides. The display shows current
speed, current track speed 1imit (which changes without warning), current
position of the train on a scro1ling track profile display, current grade
inclination, coupler slack, in-train forces, traction motor load meter reading
and braking systems status. Additionally, the alternative display showed
acceleration/deceleration rate, the location of crossings, signals, bridges
and other track location features. For purposes of the study, the alternative
display was presented on the same monitor used for the ATCS display.

Group 2 subjects were also provided with conventional written track
warrants and a track profile (Appendix C).

Group 3 subjects were provided only with the conventional written Track
Warrants and the track profile.

A11 groups ran the same exercise as represented by the conventional
written Track Warrants and over terrain as represented in the paper track
profile. In each case, care was taken to be certain that each subject
understood the applicable rules, signal aspects and track warrant format.

Each subject signed a consent form (Appendix D). The subjects were
provided compensation of $250. The compensation was deemed appropriate for a
half day period of service for a locomotive engineer acting as an independent
contractor. No subject expenses were compensated.

3.2 THE SUBJECT’S TASK
Subjects were instructed to cover the planned 63 mile route as quickly

as possible, following all movement authorities, slow orders, track speed



limits and operating rules. The subjects were also instructed to manage in-
train forces and observe Safety rules just as they would in normal operation.

The RALES simulator cab is equipped with a radio and the subjects were
directed to request authorities from track foremen and the dispatcher just as
they would in the real world. The supervisor of locomotive engineers who had
managed the orientation also played the rule of dispatcher and track foremen
from the remote simulator operator’s console. '

During the experimental runs, an alerter and an end of train device were

in operation.



4. DATA COLLECTION PROCEDURES
The RALES simulator allows the continuous collection of virtually every

aspecf of a chosen train’s status as frequently as .5 second intervals. A
data ;o]]ectioh intérva] of 3 seconds was chosen. Previous experiende has
indicated this interval to be gufficient to capture all of an oberétor's
control actions as well as»accurately register both steady state and dynamic
forces in the train.

| The RALES system allows the eva]hation of data in terms of flags which
are set to capture instances where pbserved values exceed preset limits.
Flagged errors were co11ected for each subject’s run. The following
perfdrmance data were flagged:

Speed Limit Violations: Specific speed limits were set for various

locations on each run and were flagged when exceeded. Additionally, the time
durétion for each_éveht of speed vio]atﬁon was recorded. ‘Since the ATCS
display clearly shows speed and‘speed Timits, this flag tésts the effect of
the display on this aspect of Safe operation. _

The standard of a speed 1imit violation for purposes of the study was an
excess of 4 mph or more over track limits. The ATCS display also reflected
this standard.

Horn Violations: When an engineer failed to blow the horn for a

crossing, the event was flagged. The Specification 320 display used in the
study did not show crossing locations but each crossing was visible in the
scenario. This flag was used as a variable which had the potential to measure
possible operator distraction caused by watching the display rather than the
forward view. The IITRI "77 display” does show crossings and consequently

gave a potential cross-check for observations concerning this variable.



The simulation scenario used for the current study had over 100
crossings, mahy of them of the rural type. These crossings are often
difficult to discefn because of limited sight lines and require a high degree
of vigilance to anticipate. _.

Excessive Run-Out Force: There are 6 inches of slack in each standard
coupler junction in a train. A freight train of 100 cars has a total of
nearly 50 feet of slack. Sudden changes in the forward motion of the train
can cause this slack to be suddenly taken up with a force sufficient to cause
anything from damage to the lading to train separation and derailment. A
1limit of 100 thousand pounds was selected as a flag value on the basis of
prior experience indicating possible damage to lading from instantaneous
forces exceeding this level. : v

Excessive Run-In Force: Run-in forces are similar to run;out forces and
'can cause anything from damaged lading to derailment. The limit for run-in
was flagged at -100 thousand pounds.

Violation of Slow Orders: The experimental run had six slow order areas

(See Appendix C). Three of the slow orders were a function of work done by
"maintenance of way" groups under the direction of a track foreman. When
contacted by radio, the track foreman (played by the observer from the remote
control console) granted authority to proceed at a specified reduced speed.

Violation of Track Authorities: Operation by an engineer of a train

over'a given route requires authorization by written orders or from a
dispatcher to cover successive segments of track. In the experimental run,
there were four such authorities which could be gained by contacting the
dispatcher on the cab radio (dispatcher played by the observer). In the case

of one authorization, the "dispatcher" purposefully did not respond in a
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timely way. This caused the engineer to stop at the end of the then current
authorization. Compliance with the mandatory stop was recorded. It was
considered a failure if the stop was not made, or was made past the authority
end.

Failure to Stop Before a Red Signal: Track signal systems are the
major defense against rail vehicle collisions. Locomotive engineers are
expected to stop their trains in a location before, rather than after, the
signal position. It was considered a failure in the current study if a

subject were to stop the train with any part of the train past the signal

position.

10



- 5. RESULTS
As indicated earlier; the study measured the following variables:
1. Track speed limit violations
Duration of tfﬁck speed violations
Run-in forces
Run-out forces
Violation of slow orders
Violation of track authorities (warrants)

Failure to blow the horn at crossings.

0w ~N O O e W N

Failure to stop before red signal.

The results are shown in tabular form below:

RESULTS: MEANS AND STANDARD DEVIATIONS

O~ O WN

Group 1 Group 2 Group 3

(ATCS) (Alternate) (Paper)
Variable Mean S.D. Mean S.D. Mean S.D.
Speed 0.0* 0.0 6.5* 3.67 5.7* 5.65
Duration 0.0* 0.0 49.9* 46.40 52.1* 45.95
Run-In 4.2 3.16 4.4 1.20 3.8 3.06
Run-0Out 3.0 2.60 1.6 1.56 2.8 1.25
Slow Order 0.0* 0.0 5% .50 4% .49
. Track A. 0.0* 0.0 2% .40 d .30
. Horn 6.8 7.15 10.8 12.30 6.4 7.28
Signal 0.0 0.0 0.0 0.0 0.0 0.0

(*indicates significant difference; see discussion of results)

The units of measurement in the table above are MPH for speed and seconds for
}duration. A1l other variables are reported as number of occurrences over the

63 mile run.
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6. DISCUSSION OF RESULTS

The level 30 ATCS display used in the study appeared to have a strong
“influence over the control of train speéd and a corollary benefit in reduced
fuel consumption. The alternative display, added as a comparison, did not
show similar advantages. It is reasonable to conclude, therefore, that the
diffekence; noted were not due to the simple effect of having a display
present. Thé alternative display did show deceleration/acceleration rates (in
miles per hour per minute) and actual track speed limits whenever new speed _
zones were entered. It did not, however, include a speed predictor similar to
that used in the ATCS display. The speed predictor would appear, therefore,
to be a prime agent in the superior management of speed of the ATCS group over
both the alternative display and the paper warrant groups.

Where differences existed between the ATCS display group and the "paper
warrants" group (group #3), a statistical test called the "t test" was used to
' determine the extent to which differences could have happened by chance alone.
A significant t test does not explain the cause of differences but does give a
probability frame of reference to the degree of differences noted.

Speed violations and duration of violations were 0 for the ATCS subjects
while the other groups posted 5 to 7 mph average excesses held approximately
45 seconds on average. The differences between the ATCS group and other
groups were, understandably, significant in a statistical sense. The t test
showed that the differences between Group I and the other two groups could
have only happened by chance fewer than once in 5000 times.

The ATCS system used in the study calculated a predicted speed for the
train based on its current state of operation and the grade changes on the

track ahead. This projection was displayed as a small white box which lead .
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the 16cation of the train on the display. When the predicted rate qf speed
was 4 mph or more higher than-allowéd for the projected track location, a
penalty brake appiication was invoked.

There was no significant difference between the ATCS group and the paper
warrant group in management of in-train forces (run-in and run-out). The ATCS
group did, however, produce significantly more run outs than the alternative
display group. A difference of this order could have happened by chance fewer
than 1 in 10 times. fhis finding would appear to support the validity of the
alternative display as a contrast, since that display does show coupler
clearances and in-train forces on a real time basis. These data also invite a
conclusion that engineer train handling performance in general can be_ improved
through graphic displays of telemetric data.

The level 30 ATCS display appeared to be better than an alternative
display or normal "paper" operation in preventing violations of slow orders or
track authorities (warrants). No ATCS subject violated slow orders or track
authorities. It should be remembered that the ATCS system assessed penalty
brake applications if the speed predictor indicated that the operator:would
not be able to slow the train to a limited speed (or zero speed for an
authority) given current control settings. While these différences were
significant, they were not large. A close inspection of the run summaries of
all subjects show a universal tendency to slow for slow orders and track
authorities. But the ATCS group did so with complete compliance. It seems
reasonable to conclude that the speed prediction based penalty brake feature
of the ATCS display used in the study has the power to force a high level of
compliance. Two of the ATCS display subjects would have violated slow orders

associated with work blocks which appeared on the displays had it not been for
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penalty brake application produced by the ATCS system. In the current study,
the penalty app]i;ation was sufficiently in advance to bring the speed of the
train wiihin the limit when the beginning of the speéd restriction- was
'reachéd. In both instances, the observer noted that the subjects were s]owihg -
appropriately, but narrowly misjudged the deceleration rate necessary to meet
the slow ofder limits. The display itself may have contributed to these
érrors, as the speed prediction "box" frequently jumped erratically up and

"~ down while the train was being decelerated.

B The level 30 ATCS display did not appear to cause distractions in train
~handling in compar{son-to an a1ternative display or normal (traditional
warraﬁts and profiles) operation. The ATCS display did not have any
indication of the location of crosiings'while the alternative display did have
identifying markers. Neither disp]ay appeared to have an effect on signaling

for crossings, as no substantial difference appeared between the three groups
in this respect. Had'either of the two displays caused distractions, they
would have shown dffferences in comparison to the noh-disp]ay group. This was
not the case. The experimental run had many small, rural "farmer’s crossings"
located in areas with curves and moderate vegetation. In addition; many of
these small crossings were unmarked and none of this type had highwéy vehicles
or farm equipment present. Since a number of subjects in each group missed no
crossings whatsoever, it may be that missing crossings was a function of
engineer experience with conditions similar to those in the experimental run
rather than lack of vigilance.

No subject in any of the three groups failed to stop for the red signal
presénted in the simulation. "Getting past" a red signal is grounds for major

disciplinary action on U.S. railroads; consequently, locomotive engineers tend
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to respond to these signals with a high level of compliance. The complete
compliance with red signals by the subjects in the study suggests that they
undertook the simulation exercise with a level of seriousness similar to that
which they apply td train handling in the real world.

Because of the apparent advantage the ATCS display had for control of
speed, the data were inspected for elapsed time and fuel consumption. The

findings are shown below:

AVERAGE ELAPSED TIME AND AVERAGE FUEL CONSUMPTION (IN GALLONS)

Elapsed Fuel
Group Time S.D. Used S.D.
ATCS Display 2:12:57* 0:11:37 475.4* 30.05
Alternate Display 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 display took, on average, just under il minutes
30 seconds longer (approximately 9.5%) to cover the'63 mile route than the
fastest group. As was noted earlier, the ATCS group had no speed violations
while the other groups produced a significant number of violations. fhe ATCS
group used less fuel on average than any group and significantly less than the
paper warrant group (t of -1.46 ihp]ies the differences could have happened by
. chance less frequently than one time in ten). While the difference noted
works out to a savings of only 4.2% based on averages, total group consumption
is more telling. The ATCS display group used a total of 4,754 gallons, while
the paper warrant group used 5,049 gallons, a savings of 295 gallons. The
ATCS group savings was 73 gallons over the alternative display group, a

~ difference which was not statistically significant. The conclusion seems

15



warranted that improved feedback to the engineer of train conditions seems to
decrease fuel consumption and that this benefit comes from improved management

of 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 line by line (trip log) basis, was that of "running at the
limit." A1l subjects showed a tendency under these conditions of occasionally
going over the nominal limit, as a consequence of grade effects. Since the
ATCS subjects were less likely to exceed speed limits by the 4 mph level used
in the study, it appears that performance was the result of either or both of
the two distinctive features of the display: (1) an impending penalty brake
application; and/or (2) the leading speed prediction marker. Since these
features of the ATCS display worked so well, and did so without apparently
causing decreased vigilance, it seems reasonable and productive to study the
independent and interactive effects of penalty brake and leading speed
prediction. |

In recent years, simulation and instrumentation studies have established
an improved knowledge base in regard to the effect of various train handling
practices upon in-train forces. Since many train handling problems arise from
untimely attempts to alter the speed of the train, it stands to reason that an
ATCS instrumentation which leads to better speed management may well decrease
train accidents and incidents which are caused by improper train handling.
Research aimed at displays intended to optimize speed and in-train forces
seems justified by the potential benefit.

In a recent pilot study of stress and fatigue in locomotive engineers
(FRA-ORD/92/17), a tendency was noted for vigilance to be apparently lowered
in situations requiring reduced operator control actions. It may be that the
refined control of speed available to the engineer and/or the impending

penalty brake application of the level 30 ATCS display used in the current
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study may provide an influence which increases vigilance during periods of
reduced control demand. It may be productive, therefore, to see if the

presence of the level 30 ATCS display causes an increase in control actions
and in measures of vigilance over territory segments characterized as "low

control demand."
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APPENDIX A

This appendix contains a representation of the ATCS Specification 320
display used in the study. Specification 320 permits variation in display
formats. Extrapolation of results in the current study to other Specification
320 display formats should be undertaken with caution.

The simulation head end Tocomotive was run "short hood" forward. The
display was shown on a 14 inch VGA monitor located with its base 12 inches
above the left side of a standard AAR 105 cab stand. The display face was
ti1£ed approximately 30 degrees to place it perpendicular to the engineer’s
line of sight.

The graphic display software itself was origina11y developed for the
Canadian National Railroad and pfovided by the Advanced Train Contro]ISystems
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
train on a track profile which scrolls from right to left in step with the
forward motion of the train. -The train is also depicted as a horizontal bar
which rises and falls against a marked scale which indicates train speed.
Track speed Timits are shown in text form as well as in the form of a red,
horizontal track authority bar plotted on the same speed display upon which
the train appears. As the train increases in speed, it rises to meet (or
exceed) the track authority speed bar. The end of authority to move is
displayed by a 90 degree downward turn of the authority bar to the baseline.
Slow orders are represented as inverted barrier blocks which descend from the

authority/speed bar to reduce the "headroom" which indicates maximum speed.
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Work blocks under the authority of a track foreman are represented as inverted
"~ barrier blocks which descend from the authority/speed bar and tbuch the
baseline. A request to the foreman is necessary for the work block barrier to
be raised (normally to a speéd less than that displayed by the authority/speed
| bar).- In addifion, a white box appears in advance of the train bar. The
white box predicts the future speed of the train at the track profile position
of the box, given current control settings and the effects of grade. Most -
importantly, predicted train speeds (white box, mentioned earlier) which
- violated authority, work block or speed limits resulted in an automatic

penalty brake application which required a full stop to reset.
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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 alternative display represents feedback on
the‘track crossings, braking systems, coupler slack, and train forces not
found in the ATCS 320 display used in the study. The alternative display was
included as a contrast or cross-check to the ATCS display. For example, the
alternative display does not include pacing information, track authorities, or
work block information. The expectation was that the alternative display
would be more likely to influence subject management of in-train forces than
the ATCS display and less likely than the ATCS display to influence compliance
with speed 1im{t§ or movement authorities. Study findings were consistent

with this expectation.
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TYPICAL ALL-IN-ONE TRAIN INFORMATION DISPLAY
(120 CARS) »

Top-down track features
/ prolile (train-is white; track
is red). Shows bridge,

siding, mile posls, signal,
elc.
Top-down frack curvature

prolile Side view track gradient

profile (train is red) circles
indicate grade change and
numbers are percent
grade

Currenl speed and speed
limit (box)

Current track grade

Current throttle selting
Current acceleration
Current mile post number
and feet past the mile post
Current lraction motor amps

Coupler-to-coupler clearance ——
between each car (shown
here fully extended)

Draft forces throughout (rain *====———

(Red-top)
Current maximum dralff force
" (Red-bottom)
L {Y’}NU’-‘;{;. "' ; : A i g;rr:r'\l n)\aximum butf force

: ue-top

. Current run-out force

(Blue-bottom)
Current run-in force

Bull forces throughout train —_— i

Brake cylinder pressure
throughout train (zero excepl
for small pressure near front
end)

Scrolling history of brake
reduclions (in red, none
shown) and lead locomo-
tive traction motor amps

Current computer
lime/date

Train {box)
rear front Current End of lrain device information
brake pipe reduction Reports il train is moving, if
Direction of travel —» brakes are applied, and current
brake pipe pressure at end
of train

Copyright 1990© /IT Research Institute. Al rights reserved. _ p -



' APPENDIX C

This appendix contains the track warrants (or authorities) and example
of the track profile iype used with the subjects. The first group relied on
the ATCS display for this information. The second group relied on the |
alternative display for the track profile information (including speed limits)
but used the warrants for authority to move. The third group used both the
track warrants and the track profile which are shown here. All groups
communicated with track foremen and a dispatcher role played by a certified

supervisor of locomotive engineers.
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@ SOO LINE RAILROAD

TRACK BULLETIN FORM D

No

LOCATION DATE

TO

oK o . ’ ' COPIEDBY DISPATCHER

' SOO LINE RAILROAD TRACK BULLETIN FORM B
No B 206
LOCATION DATE
‘ Davis Jet Todav
TO C & E Extra 2006 East
ON BE GOVERNED BY RULE 455 WITHIN THE FOLLOWING LIMITS:
LINE UNE LMITS
vOID NO. MP T0 MP FROM UNTIL TRACK (S) FOREMAN OR GANG NO. STOR.

1 74.9 75.0 12:01A 11:59P MAIN WESLEY ’
2 50.0- 50.1 12:01A 11:59p MAIN ROHTER
3 37.9 38.0 12:01A 11:59P [EASTWRD GRAYDON B
4
s
6
7
8
9
10

oK COPIEDBY DISPATCHER




] /C 7[/[/ ~ TRACK WARRANT _
NO. 88 . | Today 1912

. to. _C & E Extra 2006 East AT MP80
1. [J TRACK WARRANT NO. IS vAom.
2. X PROCEED FROM ____ MP80 TO MPSS_ ON _MAIN _ TRACK.
3. [] PROCEED FROM ’ TO ON TRACK.
4. [[] WORK BETWEEN AND ON TRACK.
5. [] NOTIN EFFECT UNTIL '
6. [] THIS AUTHORITY EXPIRES AT
7. [J NOT IN EFFECT UNTIL AFTER ARRIVAL OF
AT |
8. [ HOLD MAIN TRACK AT LAST 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. [X] DO NOT EXCEED 20 _ MPH BETWEEN MP72.1 _ _ AND
MP 71.9 '
- MP67 | | AND

14. | DO NOT EXCEED _30  MPH BETWEEN
MP66 HEAD END ONLY

1

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

16. {Al. TRACK BULLETINS IN EFFECT _B206 : . : .

17.[] OTHER SPECIFIC INSTRUCTIONS:

) oK NOW ~ DISPATCHER ___ WFT
LIMITS REPORTED CLEAR AT BY

FORM 1258 (5-88) (Mark“X" in box for each item instructed.) (-3



w TRACK WARRANT
NO. 89 Today

-t

n

O0O0000®®A

10.

11.

12.

O 0O 000

13.

14,

o

18.

]

16. (]

FORM 19¢8 /2.0

19 92
TO:! C & E Extra 2006 East AT: MP 59
TRACK WARRANT NO. ¥ IS vdo.
PROCEED FROM MP59 TO MPS0 on _MAIN  Tpack.
PROCEED FROM TO N TRACK.
WORK BETWEEN AND ON TRACK.

NOT IN EFFECT UNTIL

THIS AUTHORITY EXPIRES AT

NOT IN EFFECT UNTIL AFTER ARRIVAL OF

AT

HOLD MAIN TRACK AT LAST NAMED POINT.

DO NOT FOUL LIMITS AHEAD OF

CLEAR MAIN TRACK AT LAST NAMED POINT.

BETWEEN AND

MAKE ALL MOVEMENTS AT RESTRICTED SPEED. LIMITS OCCUPIED BY TRAIN OR ENGINE.

BETWEEN AND MAKE ALL MOVEMENTS AT RESTRICTED SPEED AND

STOP SHORT OF MEN OR MACHINES FOULING TRACK.

DO NOT EXCEED ___ MPH BETWEEN

AND

AND

DO NOT EXCEED ____ MPH BETWEEN

PROTECTION AS PRESCRIBED BY RULE 99 NOT REQUIRED AGAINST FOLLOWING TRAINS ON THE

SAME TRACK.
TRACK BULLETINS IN EFFECT . : '

OTHER SPECIFIC INSTRUCTIONS:

oK Now DISPATCHER ___WFT
RELAYED TO COPIED BY Any Body
LIMITS REPORTED CLEAR AT BY

(Mark“X™ in box for each item instructed.) C-4



’ @ TRACK WARRANT ‘ '
NO. 91 Today . 19_23

DOoO0D0O0RBEXA

1.
12
13.

14

o

18,

k<

16.

FCRM 1252 r5.am

& O oooo

To: C & E Extra 2006 East AT:__ MP 52

TRACK WARRANT NO. ___89 : IS VOID.

To _MP 44.6 ON MAIN _ TRACK.

PROCEED FROM _____ MP_52
MP 44.6 To__MP 35.6 oN_ESTWRD TRACK.

PROCEED FROM
ON TRACK.

WORK BETWEEN AND

NOT IN EFFECT UNTIL

THIS AUTHORITY EXPIRES AT

NOT IN EFFECT UNTIL AFTER ARRIVAL OF

AT
HOLD MAIN TRACK AT LAST NAMED POINT.

DO NOT FOUL LIMITS AHEAD OF

CLEAR MAIN TRACK AT LAST NAMED POINT.

BETWEEN AND___
MAKE ALL MOVEMENTS AT RESTRICTED SPEED. LIMITS OCCUPIED BY TRAIN OR ENGINE.

MAKE ALL MOVEMENTS AT RESTRICTED SPEED AND

BETWEEN AND

STOP SHORT OF MEN OR MACHINES FOULING TRACK.

DO NOT EXCEED _40 _ MPH BETWEEN ___MP 47 AND
MP_46 ' ' ' | |

DO NOT EXCEED _____ MPH BETWEEN AND

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

TRACK BULLETINS IN EFFECT _B206 . ' . ' ,

. . ] ] 1 '

OTHER SPECIFIC INSTRUCTIONS:

oK Now DISPATCHER ___ WFT
RELAYED TO COPIED BY Any Body
LIMITS REPORTED CLEAR AT BY

(Mark“X" in box for each item instructed.) C-5
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APPENDIX D

This appendix contains the subject consent form used in the study.
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IIT RESEARCH INSTITUTE CONSENT FORM

ADVANCE TRAIN CONTROL SYSTEM STUDY

I, ‘ , consent to be a subject of the
research program described below. :

1. The purpose of this experiment is to evaluate the effect of
two forms of Advance Train Control System dlsplays on the
performance of locomotive englneers 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 compensatéd 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'Kughn -
' ‘ Title:__Principal Investigator

Oorganization:___Transportation Technology
Telephbne 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 George

Kuehn or his/her designate. Further, I
understand that I am free to withdraw my participation in the 7

proaect at any tlme without penalty.

7. I understand that, in the unlikely event of a physical injury,
medical emergency treatment will be provided. I also

understand that neither George Kuehn nor IITRI w1ll
be financially responsible for injuries not due to the
negligence of George Kuehn or IITRI which




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:

03
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1Ce ok System Evaluation,
George | Kughn, 1992 -06-Signals, Control &
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