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PREFACE

An Opticci Automatic Car Identification (OACI)”" Field Test Progrom was
conducted at Chicago from August 18 to September 4, 1975 by the Federal Railroad
Administration (FRA) with the technical direction and support received fram the Trans-
portation Systems Center (TSC). This OACI field test program was part of a joint effort
between the Association of American Railroads (AAR), the Railway Progress Institute

(RP1), the FRA and TSC.

This crash program could not have been carried out without the expertise and
contributions of several individuals and organizations. The author wishes to acknowledge
Mr. A. Bang, Acting Chief, Freight Services Division of the FRA who was the initiator
of the OACI field test program within the Federal Government ond provided the neces-
sary leadership and management skills to bring abc ut the field test and Mr. W. Cracker
of the same FRA division who contributed and assisted from the planning stage of the QACI
field test, ond the OACI AAR/RPI/FRA Steering Committee for providing the necessory
guidance and coordination for the successful execution of this task. The authc: olso
wishes to acknowledge the contribution of Mr. L. Brophy, Executive Vice President of
Chicago Railroad Terminal Information Systems, Inc. (CRTIS) for making available the
test site and providing the necessary arrangements for the instollation of the scanners ot
the site ond the interfacing with the Chicago and North Western Transportation Co.,
owners of the property, Mr. M. L. Clawson, communications engineer of the CRTIS
who provided technical and odministrative support during the test, Mr. C. R. Hussey,

Assistont Vice President of Operations-Administration for his coordination with .

#To avoid confusion in the designation of automatic cor identification systems
that may use different technologies, we use the generic acronym xACI from
which other acronyms reflecting specific technologies originate. By
substituting the x with the first letter of the given technology designation,
OACI is generated from Optics, MACI from Microwaves, IRACI from Infrared,
FACI from fluorescence, etc.



CRTIS which led to the availability of the test site and the Mead Electric Co. which
handled expeditiously the installation of the scanners for the suppliers of the scanners
as well as all the other o'icilliary site work. At TSC, several individuals provided
their timely expertise vhic made possible the field test: Mr. M. Yoffee, assistant
engineer who was responsible for the successful field test implementation, data
gathering, processing,and all other phases of the test program; Mr. R. Stone, field
test representative who carried out on o day-to-day basis all the responsibilities of
the field test ond interface with OACI suppliers and visitors to the test site; Mr. R

Yatsko who gave TSC logistic support to the field test; Mr. A, Votolate and Mr. R.
Valente, Procurement Branch, for processing procurements in an unusually short period

of time; Mr, C. Pandil, Chief Operations Branch who implemented, with o very short
notice, the cata coding from the test; M.. P. Doyle and Mr. S. Cultrera of the

same branch, who spent long hours including weekends in carrying out the actual

dato coding. An acknowledgment also to Ms. C. Zimmerman, of Kentror, Hawaii, Lid.

who hod to learn in a very short time the details of the test and the required output for-

mat, on the basis of which she wrote the computer progrom.

The author also wishes to acknowledge the management and personnel ot
Aerospace Systems, Inc., Burlington, Massachusetts who provided general services
ond worked long hours and weekends to support the timely preparation ond production
of the Preliminary Results distributed to the interested organizations ond individuals
concerned with CACI.

The author wishes to acknowledge also the unconditional support ond dedica-
tion to the test of suppliers of OACI equipment, by facilitating equipment, personnel

and technical consultation when required.



It should be mentioned that the OACI field test wos an example of coopera~
tion between suppliers of railroad equipment (RPl), the railroads and the body that
represents the industry (AAR) and the Federal Government (FRA and TSC). As Mr. N.
Lennartson, president of KPI put it, "The harmony and constructive results that come

from this joint RPI/AAR/FRA activity represents a standord for other such cooperative

efforts in the future."
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1. INTRODUCTION

At the request of the Associotion of American Roilroads (AAR), o Federal
Roilrood Administration (FRA) representative from the Office of Research ond
Development attended the organizational meeting of the AAR Optical Automatic Car
Identification (OACI) Tosk Force on November 10, 1974, From discussions at that
meeting, it wos determined that FRA could contribute to the purpose of the Task Force,
particularly in the area of providing unique test facilities available at the Transportation
Systems Center (TSC). As a consequence, initial laboratory research began on auto-
motic car identification at TSC on December 28, 1974. Shortly thereafter, TSC was
in receipt of approximately 100 specimen problem labels sent in by Task Force
members for evaluation. Early laboratory findings were reported to the Task Force

indicating that many important new aspects of label readability required attention.

Shortly after the May 1975 meeting of the AAR Operating=Transportation
(O-T) General Committee, the FRA became aware of further new developments ond
requested a special report on the present Optical Automatic Cor Identification
system from the AAR Reseorch and Test Depcrtment. Based upon laboratory research
up to this point in time, on May 29, 1975, FRA proposed to the Research ond Test
Department and the OACI Ad Hoc Subcommittee of the Rolling Stock Committee of
the Roilwoy Progress Institute (RPI) a special expeditious field test of CACI in order
to ropidly expand on the initial laboratory indications. At the request of these two
bodies, on ACI Working Group consisting of representatives of AAR, TSC, FRA ond
the two OACI suppliers convened at TSC on June 5, 1975, to outline an agreeable
test plon. From the results of this meeting a definitive test plon was prepared ond
presented to the new RPI/AAR/FRA Joint OACI Reseorch Project Committee on



June 10, 1975, at which time the Electro-Opticai Automatic Cor Identification Field
Test Program (Reference 1) received unanimous endorsement . Implementation of this

cooperative effort was initiated on the following day under the technical direction

of the TSC.

The test was conducted in Chicago at the site indicated os No. 15 in the
Chicago Railroad Terminal Information System, Inc. (CRTIS) network, which is located

on the property of the Chicago and North Western Transportation Company.

This test was carried out on the basis of o partnership between the suppliers
of OACI equipment (Servo Corporation of America and Computer Identics Corporation);
the AAR, which represents the railroads; the RPI, which represents the suppliers of
railrood equipment; the Federal Government via FRA and TSC; the host railroad,
Chicago and North Western Transportation Company; and CRTIS, which represents the

21 other railroods operating in the Chicago Railroad Terminal.

An executive summary of the results described herein were presented to the
RPI/AAR/FRA Joint ACI Research Project Committee and FRA officials on September
30, 1975, in Washington DC. Also, a document entitled "Preliminary Results Optical
Automatic Car Identification Field Test Progrom " was provided to the industry on

October 15, 1975.



2. OBJECTIVE

The objective (Reference 1) of the OACI Chicago Test was to determine the
OACI Scanner Operational System Performarce, the OAC! Label-Scanner Readability
and the Scanner System Performance Limit, Furthermore, part of the objective was to
determine the causes of non-read and error-read. By meeting these objectives in a con-
trolled-railroad operational environment, it was expected to obtain solid elements of
judgment to evaluate electro-optics os a conceptual principle to be used in an auto-
matic railroad car identification system and to evaluate the scanner system engineer-
ing configuration used in commerciolly available hardware as an implementation of this
principle. Evoluation of commercial products for specification compliance and/or

maintenance were not included in the test objective.

2.1 SCANNER OPERATIONAL SYSTEM PERFORMANCE

The objectiv:: in measuring the OACi scanners operationa! system perfor-
mance was to quantitatively ascertain in a controlled railroad environment the ability
of the scanners to read documented labels. These labels were documented by video

tape and photographic recording as well as visual inspection.

Another important objective of this task was to intercompare the difference
in readability, if any, between modified scanners and between stondard and modified
scanners. The modifications could include hardware, scanner-track relationship

and/or alignment procedures or adjustments.

2.2 LABEL-SCANNER READABILITY

The cbjective of this task was to determine how much information could be

decoded from labels that were not withir. AAR specifications and/or maintenance,



when the signal obtained by the OACI scanner. was processed by auxiliary fest equip=
ment. The readability obtoined by this method is called label-scanner readobility, R'.
It should be indicated that the readabi'ity expressed by R' is not a theoretical limit
based on optical communication theory, but is based on observed label population,
scanner-track configuration, scanner choracteristics and the limitations of the test

equipment.

2.3 SCANNER SYSTEM PERFORMANCE LIMIT

The objective of this task was to determine the capabilities of the principle
of operation of the OACI. In order to achieve this objective, the operating environ-
ment non-read and error=-read related causes ond the management non-read and error-
read related couses have to be decoupled and evaluated separately. This will allow
the Scanner System Performance Limit for automatic car identification to be obtained .
The assessment of this limit will determine what is in fact the limit of the OACl s o

principle of operation.



3. FIELD TEST DESCRIPTION

The OACI Chicago Test was carried out at the test site by TSC, Servo Cor-
poration of America and Computer ldentics Corporation (see Appendix A). The

objectives, test data, results and recommendations are documented through this report.

3.1 SITE

The OACI test was conducted at the Proviso Yard + Melrose Park, in the
Greater Chicago area. This site is the property of the Chicago and North Western
Transportation Company and is identified as #15 in the Chicago Railroad Terminal
Information System, Inc. (CRTIS), where two OACI scanners are installed os part of
the CRTIS network. One of these two scanners was included in the test and was
identified as Scanner #1, Partial layout of the OACI Scanner sites in the CRTIS

network is indicated in Figure 1,

The site was selected by the AAR/RPI/FRA ACI Committee on the basis of
"Test Site Selection Criteria" (Appendix B). The traffic at this site is approximately

700 cars per day.

3.2 INSTRUMENTATION

The basic instrumentation consisted of five OAC! scanners, two supplied by
Servo, two by Computer Identics Corporation and one on-site scanner, property of
CRTIS. The rest of the test instrumentation was supplied by TSC. The instrumentation
was set up at the site in accordance with the layout shown in Figure 2. Figure 3 gives
a general view of the OACI Chicago Test installation. Figure 4 gives o view of a cor

passing two of the five scanners.
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EAST (Code 1)

|'_3' WEST (Code 0)
- 2

" @

SIDE #1

SIDE #2

3

Figure 2. Layout of OACI Scanners, Television, and Photographic
Cameras in the Chicago Test Site (Site 15 CRTIS).

Legend:

(1) Scanner *1, (Stondord) Computer Identics Corp.
(Part of CRTIS Network).
(2) Scanner #2, (Modified) Computer Identics Corp.
(3) Scanner 73, (Modified) Computer Identics Corp.
(4) Scanner 4, (Modified) Servo Corporation of America
(5) Scanner *5, (Modified) Servo Corporation of America

(A) Television Comera
(B) Photographic Comera
(C) Instrument Trailer
(D) TSC Van
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3.2.1 Computer Identics Corporation Scanner Sysiems*

Computer Identics Corporation provided two scanners (#2 and 3) for the
OACI Chicogo Test. These two scanners were modified. A third scannar (*1), also
manufactured by Computer Identics Corporation, was the property of CRTIS ond part of
the CRTIS network . This third scanner was standard and was maintained by standard

procedures ulso.

It should be understood that the scanners are commercial products and there-

fore there is a great deal of proprietary information in the modification. It is

understandable that they are not discussed in detail in this document.

The location of the Computer Identics Corporation scanners can be identified

in the general view of the OACI Chicago Test presented earlier in Figure 3.

3.2.1.1 Standard Scanner #1 - The standard Scanner #1 is a Computer Identics

Corporation rail scanner. The rail sconner system is well documented (Reference 2).
The Scanner #1 has been in use at CRTIS for about two years. This scanner did not
receive any modification or alteration from the original design and the past history of
this scanner can be considered typical of the Computer Identics Corporation until
November 1974, Since then CRTIS owarded a Maintenance Contract to the Meade
Electric Company of Chicogo to maintain it. During the test the Scanner #1 was also
maintained by the Mead Electric Company from whom the Test Director received the
teletype printouts corresponding to the trains scanned during the test,

* Computer Identics Corporation, Westwood , Massachusetts, is the parent company
of ACI Systems Corporation which markets and services the company railroad
commercial products line.

-10 -



The geometry of the Scanner f1 is described in Figure 5. The gain in Scan-
ner #1 was adjusted at 8 voits for the blue and 6 volts for the red using standard

modules.

3.2,1.2 Modified Scanners #2 and 3 - The Scanners 2 and 3 are also Computer

Identics rail scanners. Hordware modifications were made in both scanners: these were
in the standardizer, selection of photomultiplier tubes, and photomultiplier high voltage

power supply.

The modified standcrdizer allows the processing of scanner signals from
OACI labels which are degraded and out of specifications. This modification relaxes
the specification on the amplitude ratio between signals from odjacent half-modules or

odjacent modules.

The photomultiplier tubes used in Scanners 2 and 3 had different spectral
responses than those used in the stondard scanners. They also are characterized by

less internal noise. This reduces the overall internal scanner noise.

The high voltage power supply for the photomultiplier tube was a new de-

sign to minimize any possible spikes that could interfere with the decoder.

These hanges ore proprietary in nature und they will not be discussed
herein. It should be pointed out that Scanners #2 ond 3 use only one computer which
allows the analog electrical signals from both scanners to be recorded, and therefore

allows oscillograms of the labels on both sides of the cors to be obtained.

-11 -
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SCANNER # H L D e
(in.) (in.) (in.) (deg.)
AAR Stondords 85 - 143 n
1 73 60 146 7-1/2
2 65 55 146 7-1/2
3 73 60 146 7-1/2
4 85 76 143 12£2
5 85 76 143 1242

Figure 5. Geometry of OACI Scanners Used in the Chicago Test
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3.2.2 Servo Corporation of America Scanner Systems

Servo provided two scanners for the OACI Chicago Test. One scanner (*5)
had alignment calibration and adjustments modifications plus some selected optical
components (Modification #1). A second scanner (¥4) provided by Servo had the
Modification #1 plus sardware modifications (Modification #2). 1t should be under-
stood that the scanners are commercial products and, therefore, there is o great deal
of proprietary information in the modifications. Therefore, it is understandable that

they are not discussed in detail .

Figure 4 (previously shown) includes a view of the two Servo scanners.

3.2.2.1 Modified Scanner #4 = The Scanner #4 is a Servo Kartrak Scanner,

800 series. The geometry of the scanner at the test site was in accordonce with the

AAR Stondards shown eorlier in Figure 5.

The modifications introduced in this sconner were similar to the ones intro-
duced in Sconner #5 described below, plus hardware modifications in the standardizer,

The new standardizer has a dynamic signal detection range in excess of 60 dB versus

40 dB for the standard Kartrak Sconner, 800 series.

3.2.2.2 Modified Scanner #5 - The Scanner #5 is also a Servo Kartrak Scanner, 800

series. The geometry of the scanner at the test site was in accordance with the AAR

standard (Figure 5). The Servo Scanner system is well documented (Reference 3).

The modifications introduced to the 800 series Scarner 5 system at the
Chicago Test site were in the areas of alignment, calibration and adjustment. A
selection of some optical components was part of the modification. From the hardware
design point of view, no modification was introduced, but from the performance point



of view modification has been introduced, since the optical components change the

performance of the scanner system. These changes are proprietary in nature and they

will not be discussed in this document.

Tre adjustments to the Servo scunners were carried out using an improved
calibration and adjustment procedure. This procedure used a Servo test label (Part
89-74962-1). The gains of the red and blue channels were adjusted to output 8.2

volts for either module (red or blue) on the test label.

3.2.3 TSC Dota Recordirg and Logging System

The TSC data recording and logging system used in the OA Tl Chicago Test
was designed to record ond document all the information required to carry out the Test
Plan (Reference 1). This doto logging and recording system provided enough redun-
dancy to assure the completeness of the data even in cases where a subsystem failed.
The dota pertaining to the cars were recorded on video tape, color film, verbal descrip-
tion recorded on the audio channe! of the video tape, ond additionai and redundant
dota on a log book. Information pertaining to the labels were recorded by means of a
digital tronsient recorder in conraction with an oscilloscope and :losed TV system and
video tape. Also, the visual description of the iabels by eperienzcd observers were
recorded on magnetic tape. This description pertains to both sides of the cars. A

block diagrom of the TSC instrumentation is shown in Figure 6.

-14 =
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3.2.3.1 Video Tape System - A video tape syster1 was used at the field test to

record and document the visual appearance of the scanned cars (which includes the
stencil car number), and the red and blue channel oscillograms corresponding to the
outputs of Scanners #Z and 3. The audio channel of the system was used to record the
account given by the observer on a car-by=car basis which included the stencil =ar

number and the OAC| label condition.

The video tape system consisted of two TV cameras, o special effects unit,
a video tape recorder and a monitor. The comeras were GBC Closed Circuit TV Corp.
Model CTC 500. One of the comeras was equipped with o Polaris Zoom Lens
f/1.8, 18 to 90 mm focal length and the other with a 25 mm focal length CCTVC lens.
The comera with the Polaris Lens was set to 30 mm focal length and the f-number was
manvally cdjusted by the observer in accordance with the ambient level of illumination.
The camera with the CCTVC lens was used to monitor the output of the digital

transient recorder displayed on the oscilloscope.

A GBC special effect unit Model MEA-5100 was used to allow simultaneous
sharing of the monitor screen by the two TV cameros (*1 and 2). The unit was
adjusted to allow an approximately 50 percent sharing by each TV caomera. One half of
the screen displayed the railroad cars possing the observing site and the other half
displayed the red and blue channels output of the Sconners #1 and 2 corresponding
to the OACI labels (both sides) on the cor being viewed simultaneously on the screen.

The output of the TV comeras 1 and 2 being monitored was black and white
recorded on a Panasonic Model NV=-30205D Video Tope Recorder. This recorder
uses 1/2 inch tape ot a speed of 7.5 inches per second. The tape was in a 7-inch
reel with o capacity of 2400 feet length giving 64 minutes of continuous recording
time. The monitor was a 17-inch GBC Closed Circuit Corp. video monitor Model MV=17.

-16 -



3.2.3.2 Photographic Camera - A photographic camera with color film was used

ot the field test to record and document the visual appearance of the scanned cars and
the chromatic information of the OACI labels. The photographic camera used was a
Nikon Photomic FTN with an /1.4 Nikon 5,50 mm focal length lens. The ccmera
was provided with an electric motor drive F250 and remote control unit. This drive

has a 250 frame capacity.

The film used throughout the test was Kodak Ektrachrome 5256 (daylight).
The shutter speed was set at 1/125 seconds and the f-number was adjusted from 1.4 to
16 in accordance with the actual exposure meter readings. The photographic camera
was located at the field test as indicated in Figure 2. The distance from the camera
to the track was approximately 30 feet. The camera remote control unit was located
in the instrument trailer from which an observer triggered the camera on o car-per-

frame basis.

The film was developed by Eastman Kodak, in their Chicago or Rochester NY
plants. Due to the field test tight schedule, some film logistics and comera maintenance
problems developed which reduced the photographic documentation to 2595 cars of
the 5349 cars scanned during the test, or 48.5 percent of the total .

3.2.3.3 Digital Tronsient Recorder - The digital transient recorder was a Biomation

Model 8100. This recorder is a compact solid state electronic instrument which stores
the digital equivalent of electrical waveforms in o memory. The output of the transient
recorder was displayed in a Tektronix Oscilloscope Model 454,

The transient recorder was adjusted to provids a somple of the anclog

signal every .2 sec per scanner channel (red or blue), during 2 nsec and with an

-17 -



amplitude resolution of 8 bite (256 discrete levels). The maximum number of sample

channa!s was 1025 per scanner channel,

The transient recorder was triggered by signals from Scanners #1 of 2. By
Proper siting of the OACI scanners, the signals from the two scanners were observed
sequentially. The triggering signal was the signal from the start or stop module
followed by the signal of four consecutive modules. The observation of these five
signals triggered the digital transient recorder to record the red and blue signals

corresponding to the full OACI label,

The geometry of the scanners used during the Chicago test is indicated in
Figure 5. For Scanners #2 and 3, the scanning linear speed is 12.3 usec in~!.
Since a module is 1 in. wide, the signal is 12,3 sec if scanned with on infinitely
small width aperture ot the focal plane of the scariner, and therefore it will be

sampled 60 times by the digital transient recorder used for the test,

3.2.3.4  Log Book - General information such as weather conditions, changes in
the field test set up, maintenance and gain checks of scanners were recorded daily in
the log book. On o train-by=train basis, the time, direction and speed of train
passoge, totai number of cars, cabooses and engines were recorded. A separate

visitors log bock was also maintained.

-18 -
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4, DATA ANALYSIS

The type of analysis used to process the OACI Chicago test dota was
developed o satisfy the objectives stated in Section 2. In addition, certain require-
ments were imposed on the computer program to properly assess, based on statistical
estimation theory, the medification introduced to some of the scanners used in the

Chicago Test.

4.1 SAMPLE SIZE

The difference in performance between standard and modified scanners is
based on the difference between the proportion of labels correctly read by each
sconner. Based on statistical estimation theory, accuracy and confidence levels
were selected to determine the sample size. The typical minimum acceptable confi-

dence level for o test such as the one conducted in Chicago is 95 percent.

Based on computations by Chorles Taylor* and Aviva Shulman**, the somple
size for the OACI Chicogo Test was determined to be 5,000 cars for a 95 percent con-
fidence level. As an example a reodability of 82.3 percent from a modified scanner
compared to an 80. 1 percent readability from o standord scanner, results in an improved
readability of 2.2 percent, Considering a 95 percent confidence level, this 2.2 per-

cent is within 1.5 percent of the improvement.

*Manager, Systems Studies Division, Association of American Railroads, Washington
DC.

**Operations Reseorch Analyst, Association of Americon Railroads, Washington DC.



4.2 DATA HANDLING

Data frum the test site in the form of sconners printout (Appendix C), test
notes (log book ond recorded verbal account by observers!, video tapes of the cars
scanned ond the corresponding scanner (2 and 3) oralog signals and car ohotographs
were physically transported to TSC. This dota was properly coded in accurdance with
a format developed at TSC (Appendix D). The coded data were then sent to the keypunch
operation; this consisted of punching the same information two times (on different cards)
to allow for verification of the data. The cards were then sent for processing using a
computer program developed at TSC for the OACI Chicago Test. All processing was
performed by o DEC PDP-10 at the TSC Data Processing Center. Figure 7 shows the
data handling flow chart to determine the OACI Operational System Performance. The
data handling flow chart to determine the label -scanner readability limit and statistics

of non-read and error-read causes is shown in Figure 8.

4.3 DATA CODING

The data gathered at the Chicago Test was properly coded at TSC, keypunched
onfo IBM cards ond verified. Extreme care was exercised to minimize errors in the
coding ond punching. Errors were kept to less than 1 percent for two sconners and less
than 2 percent for the other three. Errors due to improper coding or keypunching
appear in the computer printouts as error-reads under the couse heading "no code. *
Since these errors were coded, we could identify them and therefore correct the final

results.

To facilitate the data coding, enlarged photographic copies of the printouts
from oll sconners were made and assembled side by side in sequential order. Therefore,
the five scanner outputs corresponding to ti.e same railroad cor are on the same line of
the composite printout (see Table C-1, Appendix C). Also, the Header and Trailers of
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TEST
PRINTOUT

OACI

3 LABEL CONDITIONS, i.e., WNEATHER, TRAIN SPEED, ETC.

Figure 7. Data Handling Flow Chart to Determine OAC! Operational
System Performance from the Chicago Test.
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the printouts were composed on the same page. Train sequential number, car range per

printout, ond data were added later.

The cards were grouped by trains with one heading card for the whole train

and two cards per car. The heading card contains the following information:

Train number in sequence

Julian date

Time of day (when the first car passes the scanners)
Troin direction

Train speed

Weather conditions

Number of cars in train

Number of labeled cars in train (Track Side #1)
Number of labeled cars in train (Track Side 72)

Ronge of car sequence numbers in train.

The first card for each car contains the following information:

OACI label readout Scanner #1
OACI label readout Scanner #2
OAC! label readout Scanner 3
OACI label readout Scanner 4
OACI label reodout Scanner #5
Train number

Car number.

The second cord for each car contains the following information:

Train number
Car number
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4.4

Actual cor number (stenciled number)

Decoded OACI label number from TSC instrumentation
Oscillogram scanner source

Diagnosis: non-read or error-read causes (Side *1)
Car type

Code for instrumentation-related problems,

The sources for the data gathered are:

OACI computer printouts

Field test log book

Video tape with visucl information of the car

Video tape with the analog signal from Scanners #2 and 3

Audio portion of the video tape contain ng the description of the
train, stenciled car number, and condition of the labels

Magnetic tape recording by observers, one on each side of the track,
reporting label conditions.

DATA PROCESSING

A computer progrom (see Appendix E) was developed ot TSC to process the data

from the OACI Chicago Test. The program requirements have been previsusly established

(Reference 1),

The readability per car is reported at the car level, per scanner, and

the mean reodability and functionability vaives on o per train basis. Figures 9, 10

and 11 shew sample printouts for different non-read causes. Figure 12 shows the mean

reodability and functionability per train and other information required to interpret the
test results, The data given in Tables 3 through 8 in the next section were obtained from
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*JPUUDIG Jau PMUD JDD) Jad UBALS 0
sy|nsay Y] ° POAY=-ION] IO ~UON] JO SBSNDD) PUD SI0UT HIIYD) A414Dg POY-IoL] ‘pooy-~UoN SujuLseQ
04 woiBoug J8yndwo™) HG| WOy PaUIRIGO SZTHL PUP pZhL *ON S0 ‘1T "ON UlD1] Joj jnojulsyg 9jdwog *4 aunbiy

! ! 8 ' penpeoeace $99TP6TS6490:  £¥92
! e __t _ onpgeecped _ i 99taelgese: S .
T ! ] $ 2002000800 P 9912615660 ¥
| ! 2 N 400RcB2RUR  t 991p61664A: ¢ .
1 s @ ! 30208202000 : 99TpeTgesps 2
] ! 8 1 cALBLBCRNG P 99136Tg650 T
§381vD I Qv3N=NON ¢ nI3IHO b # 738V QV3IE= ¢ # 138Vt _# YINVIS
! t Atlavd 1 & 38y ynidy avay 3
X03 t3dAl ¥YD
6C61 8 ONVE ] . . .
12 i@ NIivyy
3 -99T@6Y¥g630 t gAYV VLIV L L .
§ . - R T VT I P e T YY1 U7 F X T
{ ! 8 ) P0C2C28008 P EZHESPS6YR: S
TR0 & X T 3 8 b 0AUBeBRR28 — T 1 glysseesIar v
1 ! 8 t 2200020000 TS 2T X 1- I
Q3Z1QUNV %JvIu ! 8 ! COOTILBTWA T f R299upe992: ¢ 0 T
1 t ] t 0eYRPALEOY 3 8206505690 T o

S3SNVY | QY3Iy=NON ¢ X¥I3HO 1 # 138v7 Qv3Id- 3 4 138Y1 t # YINGYSS
! ! ALINVd {6 138V VNLOV avay ¢

T X087 §¥3dALTHYD” -
$267  1# ¥V

T T T T Ty T NIvag
8 -8266%P569B-3  #¥VO OVALIY L L.




*4auupdg sod pub 10 sed uealo) e
51|53y 2]  °pOIY-IoLI 10 ~UON 4O 58,107 puD 540413 Py 441404 pooy-sou3 ‘poay-uopN sujuusjeq
04 wioboug s94ndwo) 35} wouy P3UL490 620€ PuP §Z0g *ON 510D ‘pg *oN UIbi] Joj inojutig ajduog *g| sinByy

T Ty [} 13 $ 0000000000 ! svelottzeot ¢92
§ b ot 0000000000 __ ! SPET6ITZLOL _§
. T 1 ot 1 0000000000 I SvEtetlrZeod ¢
: t ot ! 0000000000 P svelshizeor ¢
t ] o1 ! 00000000V 0 8 SteElettzLos ¢
! ) vl ! 0000000000 I Svelettzens ¢
I..llOllll'ill.l..l'....""I..l'.Illl.ll..‘......l...I'..'.."..'.......l.ll.....
s3SNvYd t  gvadenon ¢ Aiyd ¢ t 138v7 av3de s 14671 s dINNYDS
T ’ ) ! Alldvd 1 g T44v1 1vnl)dv qvad i
- - - o x04@ badxl wyy T TTUTTT o Trmmoes
620¢ 19 ¥HYD
T T T T Tmrmmoemees mmememm s o 13 1y NIVYL -
... OTeSYEIEITZLO 1 g¥VD TVNIDY
A A ) S 0000000000 ~ @ ThgB8sOIEI0Y " ¢92 —
Ald1G Quy MO ! X t 0 ¢ 3 togtic1110 1 0L0000VOGOS §
ALYIQ GNY MO 177 ~ 77 0 g ol $ 0000031010 P 106s8¢b9€ot ¢
1 ! ol t 00006000000 ! 1ogeb0ICTON ¢
- S e | 0t : U0000OVOGOD ! logevOIEtOl @ T
XIAHI13 qiv r01 # [ ot ¢ 000001101t v P TOGEVENEPOD

.l.....ll.....ll.l..'.Il.l.llll.ll'l'..’.l...ll...'l'!I....lll..l..".ll.l....rl..

£3snv f qQ¥ddexan ¥J3d2 1 # 138Y1 QV3de 1 ¢ 739Y7 1§ yANNYIS
| t Xxl1dvd 3 ¢ 13av1 1Ynlov 1 gvay ¢ T
- Toom o o dvorvd 136X ¥vy) -~ — -~ - T e
220¢ i 5y
T TTTTIT T T T e e e tf is NIyl T T T e

OT=108BYIELD 8

#¥VO TvAlIDY

-26 -



-

gunO¥NYNIYE aileny?

..'.."..'.".l.'.l....'.',....".'.".'.'...'....'....."....

sasnva _ 1

avadenOn

b

]
'
'
)
i
'
- o om o> os

$

*194uDd¢ J9d pup 107 Jad UBAS) D

$1|NseY 9Y| °POIY-JOMT JO —UON JO SISNDD) PUD 510113 HIAD Aj1i04 pooy-10113 ‘poay-uoN suluuaiaq
04 woiBos4 194ndwon) G| WOy PAUIDIGO GEOE PUP PEOE “ON $I0D ‘pf “ON ulIDi] Joj jnojullgd djdwog °|| @inBigy

$

! 00000LY000
! 00o0000C000
s 00000000600

0 ¢ ! 10t1101011

$

t 0000000000
! 000000000U
! 200CHOLO0VO
! 2000000000
! 0000000000

}
1
1
!
1

3 0000€06000
00uiCY0000

TTTYTTTTTTTY T 0000000000 7T

tozrttoznzy
foriivzozit _s
(XTRART AT AS B J
TR RITAF 20 N o
toctiozoRty T
0NNNYUOLOns I

A03n 4 # T3av¢7 gvIde ! ¢ 13evT 1 _ e _M3NNVIS
Al1dvd 8 ¢ 73gYT QYNLOVY 8 gviy ¢
TTTTTT Yo tadry ¥Yd
se0t te WY __
Cot T T vE ts NIVEL
8 =€0LTIO020ZY !  #¥IVD_T¥NLIDV

L60€SYSHQ08 T2
LEBESTR6908
LeofsvG6901¢
LOVESHGE9NnT
Lentsrss90t
LELESYSEQ08 8

- ctm—— - ————

]
b
3
t

Y R I Iy Yy Y YT Y Y Y YY YT AT L L LYY Y Y Y TP Y Y Y T Y PY YRR Y Y YN Y TN N P g g ey o apyie

 83snY)

! Qgv3denok 1

1 »L60€SH5690 ¢

¥234d 8
ALIdvd ¢

X0u
veor

Ceeme ce e

» 138v7 gyaye
s 136VT TVNLDY

_.._mu»p_uau.o..:s;e;s.;-,

te HyD

bE s NIVHI
#YVD TYNIDY

» J3AyT 1 8 H3ANNYDS
gvad -

See i s et tE e amEie® - e t——eas s

-27 -



*19uuDdg 49d pupd uibl) Jad UIALS) D S§NSAY Y] ‘DI s8]
0603143 |DVO Y4 oy S3L41|1GOPOIY 240|N2|0)) 0} woiboiy Jayndwo)) DS) Y wox PAUIDIGO INOjuLld I|dung *Z| ainBiy

g6 6" 8 6 N s b t T DT

- - . e g e e s e g - ce i o=

B4R ., TR f 6 19 ¢ A ! 26 16

nl--ll-llll'lll'lll-l-llll-ll-'lll-l-Ill-"-l--"lll'l'-ll-lll'lll--l-l-lll"lIll-'l'l
. - - < e - - - . - - - e et emn v s e - R T e

T4 ! 26 ; L t 2 t L t T i

O R O S R e R R = o e e e - R R & R A E e N O N T han T n P e P Bt en R o EETEe®meene®wnnn e

B3 72 L A R A T S R S

ollllllllllllllllIilllllllll-llllllllllll‘lllllI'lllll-'lllllll"llllllll'l'll-"llll.

— e e g e s e e e w—w

I TR est T Tt Ty T g 9 t 96 12

9Lt t K A 2 T 3 S T 3 ! 4] ¢

Uv3Y¥ S¥YD t T Qvay §938Y7 17 wodNd i Tgoyd3  t GvIW=NON 3 Gv3E I¥i0L 1 NYIS
NOlLiu0d0ud "¢ 40 NOILyOdONMd ¢ ALlYvd ¢ Qvdy ¢ ¢ 7 ¢

96 1 (HINOS) 2# NINVYIS AH

AT4034500 QY3Y S35V IVL0L

OOT CL(HMIMON) SYPISUTH NINNYIS A T T

AT133¥400 Qv3y S138vY 1vyny _ASY3 _tNOILJ3MIO NIVYL.

8T t(MLNOS) S¥YD 037138YY 104 i
EE1LT_ IWIL_

(@t I (MLiYON) SHYD 03738V V404

60%  isWv) WviCL . . ¥EZ  i3LVO0.

LHO148 ONY AQNUID  fH344v3n Tz g NIVHL

NIVul ¥3d

L I R B R W W VN R R R R R e

JONVWIORIId A34SAS TVNOILYHIHO

-28 -



computer printouts. Also, the computer program gives the label-scanner readability on

a per train basis.

4.5 SCANNER OPERATIONAL SYSTEM PERFORMANCE CALCULATION

Different ratios, coefficients, or percentages have been used and are used to
measure the OACI performance, On July 28, 1970, the AAR OACI Ad Hoc Committee
approved a set of "Definitions of OACI Performance Measurements" (Reference 1).
These definitions are divided into three basic groups: Scanncr Measurements, Label
Measurements, and OACI System Measurements. By this group classification, it is
clear that the ratios defined in these groups are designed to measure different
characteristics of OACI Systems. In the analysis of the Chicago Test data we were
concerned about supplying quantifiable information. This information was designed to
assist in the performance evaluation of the OACI system os the input/output data for

FREIGHT CAR MANAGEMENT SYSTEMS. Therefore, the test concentrated on

freight cars and excluded locomotives, cabooses, passenger cars, and/or work

trains. Based on these considerations the Operational System Performance was measured

by the readability, R, which is defined as:

A

R= (1)
T-a
where:
A = total number of freight ccrs correctly reod by the OACI system
= total number of freight cars scanned
a = tofal number of non-labeled cars scanned



In this test at Chicago, the readability, R, is defined for each train side
since the cors should have labels on both sides. Therefore + based on the Chicago
Test design the readabilities are expressed as R:‘ where m is the train number assigned

during the test and n the train (or track) side identified with the number 1| or 2,

It should be clearly stated that in the definition of the readability, the word
"scanned" means that the OACI system for which the readability is being computed was
operating within the specified performance. When the OACH syster: was inoperotive
and trains passed the scannzi, ihe cars which integrated thot train are not counted as
non-read; they are , simply, not part of the computation. This criteria forthe readability

computation decouples the reodability governed by the OACI principles of operation

from other system and management considerations. Such considerations are electrical

power failure, communication link failure, wheel sensor failure, maintenance manage-
ment, etc. These major systems constraints, at the present level of understanding, are
considered common to any automatic ~ar identification input/output system

regordless of the principle of operation.

When used to intercompare scanners the mean readability expressed by:

N
Z

N
is based on the same cor population (see Appendix F). This means the readability is
based on cars scanned by oll scanners and on labels scanned by all scanners with the
exception of Sconner #2 which scanned the other side of the car. In cases where a
scanner was inoperative, the corresponding data from all the other scanners was not
considered for intercomparison purposes.

@)

The AAR, Communication ond Signal Section, hos been issuing bulleiins
giving the OACI functionabi''ty by reporting railroods. The functionability,
F, given in percentage, is defined by AAR os:
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F=i

o ()]

where: M = total number of rolling stock correctly read by the CACI system

D = total number of rolling stock scanned

In the present report, functionability is def'ned as

T (4)

where A and T are as in Equation (1).

4.6 LABEL-SCANNER READABILITY CALCULATION

The basic concept of OACI lies in the remote sensing of color-coded labels
by means of an optical scanner. By the action of scanning, optical information is
obtained from the label, which properly processed will decode the original code on the
lobel. This means that in order to process information, it must exist in the lobel-
scanner channel. If this does not exist, processing will not be able to retrieve the
code. This basic concept was used at the OAC| Chicago Test to determine how much
information could be decoded from labels that are not within AAR specifications and/or

maintenonce. Within this context the label -scanner readability, R', is expressed as:

R =810

(5)
T-a

where:

A, T ond a ore as in Equation (1)

labels correctly read from the scanner analog signal using TSC
test equipment ond visual analysis.

It should be indicated thot the readability expressed by R' is not a theoreti-
cal limit based on optical communication theory, but based on observed Iabel population,

scanner-track configuration, scanner characteristics ond the limitations of the test
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equipment. It will be sofe to assume that the theoretical limit will be higher than the
one measured and that even more sophisticated test equipment will be-able to reach

higher label—<canner readabilities.

4.7 SCANNER SYSTEM PERFORMANCE LIMIT CALCULATION

Since the main purpose of the OACI Chicogo Test is to determine the

capabilities of the OACI os a principle of operation, all the other factors that could

mask the evaluation of this capability should be isolated and decoupled from the raw
data. Therefore, non-reod and error-read causes were identified and grouped into
mcnagement ond environment related causes. It is assumed that the management related

causes are not an intrinsic limitation of the OACI principle of operation and in fact

they are considered common to any automctic car identification system regardless of the
principle of operation.

Based on the above considerations the scanner system performonce limit is
expressed by:

- A+P+(a+b+c+d+e)+f ®)
T

Riimit

where:

A, T, and o are os in Equation (1)

P = total number of labels offected by the operating environment
causes correctly read from scanner analog signal using TSC
test equipment and visual analysis

b = total number of misapplied labels

¢ = total number of mixed new and old labels

d = totul number of labels with rusted background

e = Nitol number of Idbels with black anodize failure on backing
plote.

f = total number of Iabels classified as non-reod due to monagement-
related dota reduction couses.
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4.8 DESCRIPTION OF "NON-READ AND ERROR-READ " CAUSES

To properly identify the OACI non-read and error-read causes and to statisri-

cally determine the contribution of those causes by the operating environment and by

management practices, a set of 17 parameters and causes have been defined. They are

as follows:

Car Labe! Information Parameters

1.

2.

3%

Total Cars Sconned = Number of freight cars (excluding locomotives,
cabooses, work train and/or passenger equipment) scanned during the test.

Total Labeled Cars Scanned - Number of freight cars scanned actually
having a label on the side scanned during the test.

Total Non-Labeled Cars - Number of freight cars scanned not having a
label physicatly present on the side scanned during the test.

Non-Read and Error-Read Related Causes

4"

Dirt - Heavy dirt accumulation reducing the visibility of modules in
different degrees.

Damage ~ Torn or missing modules, broken brackets, bent or iron backing
plates, loose or missing fasteners or vondalized labels.

Misapplication = Applied modules not corresponding to actual car number
or parity check module having wrong digit.

Others - This category covers situations not easily describable, which
could be the result of changes caused mainly by extreme heat or cold or
cther unknown cause.

Undetermined - No readily apparent reason can be established to
characterize the problem.

Phosphate Accumulation and/or Deterioration Due to Chemicals - Phosphate
or chemical carrying cars which have overflowed and obscured or
deteriorated the label.

*Manogement related non=reod and error-read couses.

+Opel'c:ﬁng environment non-read and error-read couses.
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10. Label Modules Fading ~ Actual colors fading or bleached out due to
severe washing or scrubbing (obvious from area immediately surrounding

label).

Label Modules Domaged - One or two modules missing, scrutched,
vandalized or in some way unidentifiable.

12. New Modules in Old Labels - Old label partially replaced with one or
more new modules,

13. Rusted Backing Plote and/or Side of Car - Running rust partially covering
label .

Low Label ond Bent Backing Plate - On flat cars a low label plate bent
back severely such as to preclude visibility of sufficient arec of module
surface.,

Dirty Low Label - Besides dirt accumulation, label is positioned very
low as appearing mostly on flat cars ond some car corriers. Also, some
lobels appeared to have the upper one or two modules obscured fiom
scanner line-of-sight due to car structure overhang.

16. Black Anodize Failure on Backing Plate - A black anodized backing plate
that has changed color from black to silver.

17. No Code - Test and/or initial data reduction related mostly to coding
ond keypunch errors.

Photographs of Chicago Test OACI labels aoffected by causes 4, 5,7, 9, 10, 11, 12, 13, 14,
15 ond 16 are given in Appendix G.

*Management related non-read and error-read causes.

+Operoﬁng environment non-read and error-read couses.
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5. OBSERVATIONAL DATA AND TEST RESULTS

During the Chicago Test the observational data was gathered by OACI scan-
ners, television cameras, photographic cameras, visual inspection by different observers
of the cars and labels with these observations recorded on magnetic tape, notes in a log
book , and oscillograms of the analog signal from Scanners #2 and 3. Thus, there is
sufficient redundancy in the data collection to assure completeness of data and proper

reduction and interpretation of the test results.

5.1 RAILROAD CAR POPULATION

To permit railroad management to properly evaluate the results obtained from
the OACI Chicago Test ond to adjust these results to different truffic mixes, the total
number of different car types was counted. The total number of cars scanned at the
Chicago Test was 5,349, of which 3,740 were box and refrigeration types, 376 hoppers
(open and closed), 297 gondolas, 151 tank cars, 190 flat cars, 383 car carriers,* ond
7 others. The relative car mix of both the U.S. fleet and the sample observed during the
test are shown in Figure 13. Since each existing or potential OACI scanner location
can be expected to experience a traffic mix unique to the geographic location rather than
a population mix typical of the national fleet, normalizing of the somple to reflect the
national fleet is considered unnecessary. Instead, more relevant information cun be
obtained from the Chicogo Test design and the data gathered for use in formulating a
clearer definition of the readability problem associated with the overall rajlrood enviion-
ment. This is discussed further in Section 5.7 of this report.

*Car carriers observed in the test hod both high (on rack) and low (on flat car body)
mounted labels with on e:timated distribution of 50 percent in each category.



TOTAL NUMBER OF CARS:

U.S. FLEET 1,710,659
CHICAGO TEST 5,349
33.49,
’/
/ 1%
/ 9.7°/° o,
679 / TT%  10%
- . ° // 5.5% / 2.7% / 3.7% Ao o 2%
53 A e W A B> iz
BOX & REF HOPPER GONDOLA TANK FLAT CAR CAR OTHERS
(OPEN & CARRIER
CLOSED)

U.S. FLEET*¥*

CHICAGO TEST

*No informat.on available in U.S. fleet.
** Dato from Railood Facts, 1974 Edition, AAR.

Figure 13. Comporison of Types of Railrood Cars in the U.S. Fleet
and in the OACI Chicago Test.



5.2 SCANNER OPERATIONAL SYSTEM PERFORMANCE

To evaluate the performance of each scanner operational system the
readability, R, was calculated using Equation (1) on a train=by=train basis. The total
number of trains that passed the Chicago Test site during the active hours of the test
was 59 with a total of 5,349 cars. The readability per train and scanner is shown in
Table 1. To calcslate the mean value of readobility Eper scanner, only the cars
that were observed by !l scanners were token into account, Because some sconners
were not operational during the passage of Trains 11, 15, 16 ond 51, the readability
values corresponding to those trains were eliminated from the computation of the mean
values, that is, a total of 55 trains were taken into account with a total of 5,065 cars.
It should be pointed out that of the total 5,349 cars, Side #1 (see Figure 2) had 5,206
lobels ond Side #2 hod 5,217 lobels. The reodabilities obtained with the modified
scanners is substontially higher than the 85.6 pearcent obtained with the unmodified
Scanner #1. The data of Scanner #1 was output ot the test site and also directly trans-
mitted via the usual telephone line to the CRTIS Information Center, This allowed an
independent measurement of the same car population scanned at the test site. The
readability measured by CRTIS, properly corrected for non-label cars, is within a few
tenths of one percent of the one obtained at the testsite, which is on excellent ogreement,
Also the AAR (Reference 4), using CRTIS data during the period June 9 - 13, 1975,
measured a functionability F of 80.2 percent over a population of 290,000 cors. By
removing the locomotives, cabooses, commuter and passenger equipment the previous
value was odjusted by the AAR to 82,7 percent. Based on the Chicago Test measurements,
the mean value of unlabeled cors was 2.6 percent which added to the previous AAR
odjusted value gives R = 85,3 percent. This value is in excellent agreement with the
85. 6 percent obtained during the Chicago Test with Scanner #1, which is one of the
scanners in the CRTIS OACI system. The mean value of readability for Scanner #2
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Table 1. OACI Chicago Test Scanner Operational System Performance.*

Readabitity, R, %

Cars per  Cars Labeled Cors Labeled Scan. Scan. Scan.  Scan.  Scan.  Scans.
Train ¥ Train** Side 1 Side 2 H # 3 4 fs 1233

1 98 93 24 87 84 89 87 88 96

2 93 89 89 92 89 93 93 85 98

3 61 57 57 81 88 91 88 86 98

4 93 90 90 79 89 92 86 846 89

5 126 125 125 88 91 94 93 86 95

(. 104 104 104 88 1 97 95 93 98

7 128 125 125 84 9?3 90 90 89 95

8 84 81 82 1 1 ?5 93 94 98

9 102 100 101 87 92 91 92 90 96
10 83 82 81 83 90 ! 95 N 98
1" 95 0 95 83 92 23 92 88 94
12 nz 116 116 87 90 1 93 93 96
13 93 90 90 78 87 84 83 86 90
14 79 77 77 88 92 94 94 92 99
15 81 80 81 85 0 0 92 N 0
16 54 52 52 69 81 0 79 79 81
17 N 88 89 95 93 97 97 97 98
18 107 105 105 87 88 90 91 90 95
19 87 84 83 85 90 89 92 90 94
20 n3 108 108 85 86 90 92 Nn 93
21 107 106 106 77 90 90 92 86 93
22 118 17 117 N 95 94 95 95 97
23 88 86 83 83 94 o4 o4 90 97
24 65 63 62 79 97 34 89 92 97
25 87 80 81 79 88 81 88 89 94
26 120 LAY 116 88 95 92 94 92 96
27 92 92 92 85 95 97 9 92 99
28 n 66 67 92 96 89 9N 92 96
29 46 43 42 84 79 84 86 86 9N
30 N 89 90 82 94 92 93 91 97
k]| 65 62 63 89 87 94 94 92 100
32 70 70 70 87 o4 94 94 9N 9%




Table 1. OACI Chicago Test Scanner Operational System Performance. * (Continued)

Reodobilify, R, o

Cors per Cars Labeled  Cars Labeled Scan.  Sean. Scan. Scan. Scan.  Scans.
Troin #  Train** Side "1 Side #2 " 2 3 4 5 1283
33 89 ob 87 87 84 92 93 93 93
34 79 73 74 84 89 90 90 89 81
35 97 7 97 85 98 96 96 92 100
36 89 85 86 92 94 93 95 95 97
o7 102 99 100 79 83 87 88 85 93
38 41 40 41 95 90 98 98 98 100
39 62 60 58 82 86 87 90 90 93
40 13% 134 134 90 88 93 93 93 94
4) 89 87 87 70 94 93 97 93 97
42 78 75 75 84 88 87 8 9N 93
43 76 73 73 86 90 88 95 90 93
44 87 82 83 8y 87 90 90 9 93
45 9% 96 93 82 95 84 88 89 95
45 85 85 85 89 94 92 95 92 96
47 102 98 100 91 92 94 94 92 95
48 87 87 87 85 94 98 98 94 9
49 54 51 52 90 88 83 92 94 92
50 129 124 125 86 81 94 89 89 94
51 54 54 54 87 85 0 N 87 85
52 1Né 116 15 77 94 87 85 82 95
53 120 118 117 83 94 92 95 92 97
54 51 47 48 79 9 83 79 8! 92
55 122 1'9 122 83 95 96 98 92 98
56 57 54 53 85 96 96 96 94 100
57 124 123 122 86 89 86 88 83 92
58 98 96 96 92 95 97 95 94 100
59 120 120 120 97 96 9? 99 98 100
Totals 5349 5206 5217 R= 8.6 9.7 9.4 9.0 9.7 95.5

* Data corresponding to trains #11, 15, 16 and 51 have notbeen considered in the readability averages due to the fact that
Sconners #2 and/or 3 were not operational when the trains passed. The total number of cors in the 59 troins was 5,349;
deleting trains #11, 15, 16 and 51, the total number of cors is 5,085.

** Locomotives and cabooses were not included in the number of cars per train, In the 59 trains represented in this sample,
no passenger cars ond/or work trains were observed.



was R = 90.7 percent and for Sconner 3, R=91.4 percent. The multiplexing of
Scanners #2 ond 3 readabilities from the two s'des of the train gives a very high value
of 95.5 percent. This multiplexed value is very importont information to be used for
future OACI system analysis. Also, the aspect of redundancy should be pointed out.
During the po:sme of Trains #16 and 51, Scanner #3 wos not operationcl; nevertheless,
the multiplexed values gave 81 and 85 percent readdbilities, respectively. During the
passoge of the Train 11, Scanner #3 become inoperoble, therefore only part of the
total number of cars were scanned by Sconner #3, but the multiplexed data with Scanner
#2 gave a 94 percent readability value. The reodabilities of Scanners #4 and 5 were
92.0 and 90.7 percent, respectively, values which are only less thon one percent of
the ones obtained by Scanners 2 and 3.

5.3 LABEL-SCANNER READABILITY

To evaluate the label -scanner readability the coefficient R' was calculated
using Equation (5). The purpose of this coefficient is to determine how much optical
information still in the label-scanner optical communication channel could be processed.
This information could not be processed by present OACI systems because it is corried
in a noisy signal and completely out of specifications due to causes originated, in
some instances, on the back plates where the Iabels are mounted, the car side-wall
where some of the lcbels are mounted, or by dirty and domaged labels. The analog
electrical signals analyzed during the OACI Chicago Test were from Scanners #2 and 3,
but since these signals were tapped ot the output of the photomultiplier tube amplifier,
it is sofe to assume thot if the some measurement is conducted ot the same point in the
scanners provided by the other supplier, similar results will be obtoined. The vaolues of
R and R' ore given in Table 2. The difference R' - R for Scanner #2 is 2. | percent and
for Scanner #3 is 1.8 percent, which is o substantial increase since we are already in the



90 percent reodability value range. The same considerations ibout the number of trains
used to compute the mean value readabilities R were also applied to compute R,

Then, how does this increase in readability materialize? Before considering the
hardwore implementation of these results this matter has to be carefully anulyzed and

has to be answered first from a system cost-effectiveness pont of view to maximize total
system effectiveness, Also this excess reclability should be considered as an element of
tradecff between more relaxed label maintenance and more stringent scanner performance,

if required.

5.4 NON-READ AND ERROR-READ CAUSES

To properly identify the OACI non-read and error-read couses and determine
the weight of each cause, o careful data recording and data logging was carried out ot
the Chicago Test. Eoch cor when passing the test site was recorded in photographic
color film, in video tope as well as the analog electrical signal from Scanners #2 ond 3.
The photographic recording is of such o quality that an enlorgement reveals the modules
of the labels with great chromatic fidelity and resolution. Figure 140 shows the photo-
graph of Car #2665 in Train #29 passing the test site ot 15 mph. Figure 14b shows an
enlorgement of the corresponding ldbel on that car. Figure 15 shows the cor recorded
in video tape as well s the corresponding analog signal recorded from Scanner #3,

The photographic, video and electrical documentation indicates that this label was
properly maintained. Figure 160 shows the photograph of Car #2644 in Train £29.
Figure 16b shows an enlargement of the corresponding label on that cor. Figure 17
shows the cor recorded in video tape as well as the corresponding analog signal recorded
from Scanner #3. The information contained in Figures 16b and 17 is representative of
the majority of the labels cbserved ot the Chicago Test. Figure 18a shows a photograph
of Cor #2647 in Train #29. Figure 18b shows an enlargement of the corresponding label



Table 2. OACI Chicago Test Label -Scanner Readability. *

Scanner £2 scanner #3 ___Scanner #2 Scanner #3
Train # [R, % (R, % 7| R, % |R", %™ | Train #"*| &, %" R, % | R, %" | R, %™
1 84 90 89 | 9N 22 95 95 94 94
2 89 90 93 | 94 23 94 98 94 100
3 88 93 91 1 93 24 97 97 89 89
4 89 91 92 | 93 25 88 92 81 82
5 1 94 94 | 95 26 95 96 92 92
é N 92 97 | 97 27 95 98 97 98
7 93 94 90 | 93 | 28 96 97 89 91
8 91 91 95 | 95 29 79 81 86 86
9 92 92 91 | 94 30 94 97 92 94
10 90 98 21 | 91 k}| 87 87 94 94
1 92 99 not |oper. 32 94 97 94 97
12 90 92 91 | 93 33 84 84 92 92
13 87 87 84 | 84 34 89 92 90 93
14 92 94 94 | 94 35 98 | 100 96 98
15 0 0 0 0 36 94 95 93 94
16 81 83 0 0 37 88 89 87 87
17 93 93 97 | 97 38 90 93 98 98
18 88 88 9 | 91 39 86 88 87 87
19 90 93 89 | 95 40 88 89 95 93
20 86 88 90 { 90 41 94 95 93 98
21 90 94 90 | 93 42 88 9N 89 95

-42 -



Table 2, OACI Chicago Test Label~Scanner Readability.* (Continued)

Scanner 2 Scanrer #3
Train # | R, %" R, % R, % RY, %™

43 9 |93 88 | 92
44 87 |9 90 | 93
45 95 |96 86 88
46 94 |94 92 92
47 92 |95 94 | 96
48 94 |96 98 | 100
49 88 {90 88 | 92
50 81 |86 94 | 97
5 85 |85 00 | 00
52 94 |96 87 | 90
53 94 |95 92 | 93
54 9 | N 83 | 87
55 95 |98 9% | 99
56 9% |96 9% | 96
57 8 |90 8 | 88
58 95 |96 97 | 98
59 9% |96 99 | 99

R= |R= |[R= |R=

90.7 | 92.8 | 91.4{ 93.2

*  Data corresponding to trains #11, 15, 16 and 51 have notbeen considered in the
readability averages due to the fact that scanners #2 ond/or 3 were not operational
when the trains ’oossed. The total number of cors in the 59 trains was 5,349;
deleting trains 11, 15, 16 and 51, the total number of cors is 5,065.

**  Locomotives and cabooses were not included in the number of cars per train. In
the 59 trains represented in this sample, no passenger cars and/or work trains were
observed.

+  Readdbility.

++  Label=-Scanner Readability.



on that car, Figure 19 shows the car recorded in video tape as well as the corresponding
analog signal recorded from Scanner #3. The Iabel on this car is representative of labels
degraded by dirt observed at the Chicogo Test. This label was read by all scanners on
Side f1,

Figure 20 shows Car #598 in Train #6 as well as the corresponding analog
signal recorded from Scanner #3. The output from Sconner #3 was in error.
By visual inspection, the couse of the error-reod was identified as dirt. Analysis of
the oscillogram provided the correct label information, 0995454745-5. F igure 21
shows Car #617 in Train #7 os wel: as the corresponding analog signal recorded from
Scanner 3. The output from Scanner #3 was 06954(10)92059?0. By visual inspection,
the couse of the error=read was identified as dirt. Analysis of the oscillogrom pro-
vided the correct label information, 0695459059-0. Figure 22 shows Car #2655 in
Train 727 and the corresponding analog signal from Scanner #3. The label on this
car was a non-read with the cause identified as dirt. Analysis of the oscillogram
provided the correct label information 0131095683-10. Figure 23 shows the video
record corresponding to Car #517 in Train #6. The corresponding label was properly
read by Scanners #3, 4 and 5 but misread by Scanner f1. The error=read was
8995457957 and the correct read from the oscillogram is 0995457957-6. Figure 24
shows the video record corresponding to Cor #2213 in Train #24. The label on the cor
was a non-fead and the cause was identified as modules domage. With the gain
setting of the test equipment, there is not enough optical information for a reliocble
decoding, but this does not meon that at higher amplification the decoding could be
corried out. Figure 25 shows the video record of Car #2156 in Train #23 and the
oscillograms corresponding to both sides of the car. One label reads 0131069923-1
and the other 013106929-3. The second car label value is the result of label misoppli-
cation. Figure 26 gives the video record of Cor #747 i1 Train #8. The output from



Scanner 1 gave an error-read 872557041572, The causes of error, the 8 instead of a O
and the first 5 instead of a O were identified as domuged modules. The reading of the
oscillogrom gave the correct value of 072N570415-2, Figure 27 gives the video record
of Car #685 in Train #7. The identified cause of error-read by Scanner #1 and non-read
by Scanner #4 was due to o mixture of old and new modules in the same label (obse-ve
the three large ne'v modules signals compared with the rather low old modules signals).
The decoding from the oscillogrom gave the correct value of 0802490285-1 . Figure 28
gives the video racord of Car #1097 in Train #12. The couse of non-read was identified
as rusted background which affected the front surface of the label. At the gain setting
of the test equipment, not enough optical information was recorded to allow decoding.

5.4,1 Per Couse, Car Type, and Scanner

The summaries of the non-read and error-read causes per cause, car type ond
for Scanners #1 through 5 ore presented in Tables 3 to 7. The multiplexed data of
Sconners #2 and 3 are presented in Table 8. The non-read or error—vead couses assoc -
ated with the dirt are shown in columns 4 and 15. The addition for these two columns
gives 258 for Scanner #1, and 139, 135 and 169 for Scanners #3 through 5, respectively.
The total of the two columns for the multiplexed values from Scanners #2 and 3 is 86.

It is interasting to note that the values from modified Scanners 73 and 4 reduced
practically to holf the problem cases attributed to dirt. Moreover, the multiplexed
vulmofScamon'Zmd3nduedﬂnumtom*hirdbydnuvhobﬂh sides

of the car, in foct two correlated label populations. Also, it is interesting to inter-
compore the resuits given in column 12 for oll the scanners. The couse of non-read

or emror-read included in this column is due to the mixture of new modules in old

labels. For Scanner 71 this is 63, and it is 30, <6 ond 34 for Scanners 3 through 5,
respectively. This indicates a reduction in the modified scanner to one half the problem
cases otiributed to this couse.



Reproduced from
best available copy.

b)

Figure 14. a) Photogroph of Car #2665 (Train #29) Passi
Test Site in Chicago at 15( ;M;:l. ) Passing the OAC
b) Enlo;‘pment Showing the OACI Label Portion of Photo-
m Noll .
The Corresponding OACI Oscillogrom is Shown in Figure 15,
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Figure 15. TV Iimage Corresponding to Car #2665 (Train #29, Side #2).
The Analog Signal is Recorced from Scanner 73 (Track
Side #1). This Signal is Typical of o Properly Maintained
Label Observed at the Chicago Test.
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b)

Figure 16. a) Photograph of Car #2644 (Train #29) Passing the OACI
Test Site in Chicago at 15 MPH,
b) Enlargement Showing the OACI Label Portion of Photo-
Naﬂ

The Ccrnlpon.ding OACI Oscillogram is Shown in Figure 17,
- ‘ -
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Figure 17. TV Image Corresponding to Car #2644 (Train #29, Side #2).
The Analog Signal is Recorded from Scanner #3 (Trock
Side 71). This Signal is Representative of the Majority of
Lobels in Service Observed ot the Chicago Test.

-49 -
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b)

Figore 18. a) Photograph of Car #2647 (Train #29) Passing the OACI
Test Site in Chicago at 15 MPH.
b) Enlo;?oment Showing the OACI Label Portion of Photo-
I|°ll .
The Corresponding OACI Oscillogram is Shown in Figure 19.
- ” -
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Figure 19. TV Image Corresponding to Car #2647 (Train '29 Side 12),
The Anolog Signal is Recorded from Scanner 3 (Track
Side f1). This Signal is Representative of Degraded Labels
Not Properly Maintained Observed at the Chicago Test.
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Figure 20. TV Image Corresponding to Car #598 (Train #6, Side #2),
The Analog Signal is Recorded from Sconner #3 (Track
Side #1). The Couse of Error-Read was Identified as
Dirt on the Label by Visual Inspection. Visual Analysis
of the Oscillogram Gives the ACI Code 0995454745-5
Which is Correct.
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Figure 21. TV Image Corresponding to Cor 617 (Train #7, Side #2)
The Analog Signol is Recorded from Sconner 73 (Track
Side #1). The Couse of Error-Read was Identified as Dirt
on the Label by Visual Inspection. Visuol Analysis of
the Oscillogrom Gives the ACI Code 06954590590
Which is Correct.
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Figure 22. TV Image Corresponding to Cor #2655 (T.ain #29, Side 72).
The Analog Signal is Recorded from Sconner #3 (Track
Side 71). The Cause of Non-Read was Identified as Dirt
on the Lobel by Visual Inspection. Visual Analysis of
the Oscillogram Gives the ACI Code 0131095683=10
Which is Correct,
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Figure 23. TV Image Curresponding to Car #517 (Train 76, Side 72).
9 The Analog Sigral is Recorded from Scanner #3 (Track
Side #1). The Couse of Error=Reod by Scanner #1 was
Identified as Due to Dirt on the Label. Visual Analyzis
of the Oscillogram Gives the ACI Code 0995457957-6
Which is Correct,
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Figure 24. TV Image Corresponding to Cor #2213 (Train #24, Side #2),
The Analog Signal is Recorded from Scanner 73 (frock
Side #1). The Cause of Non-Read was ldentified as Modules

Domaged. There is not Enough Optical Information to Reod
the Oscillogrom.
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b)

Figure 25. TV Imoge Conesponding to the Cor #2156 (Train 23, Side #2).
a) The Analog Signal is Recorded from Scanner 3 (Track
Side 1) gowing the ACl Code 0131069923-1.
b) The Analog Signal is Recorded from Scanner #2 (Track
Side #2) Showing ACI Code 0131069293 os o Result of

Modules Misapplication ,
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Figure 26. TV Image Corresponding to Cor #747 (Train 78, Side #2).
The Analog Signal is Recorded From Scanner #3 (Trock
Side #1). The Couse of Error-Reod by Scanner #1(872557041572)
was |dentified as Damage on One Module by Visual Inspection.
Visual Analysis of the Oscillogrom Gives the ACI Code 072057041 5-2
Which is Correct.
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Figure 27. 1V Image Corrospondmg to Cor 7685 (Train ’7 Side #2).
The Anolog Signal is Recorded from Scanner #3 (Track

Side 71). The Cause of Error-Read by Sconner 1 ond
Non-Read by Scanner ¥4 wos ldenhf’ed as Dve to a
Mixture cf Old and New Modules in the Some Label.
Visual Analysis of the _Oscillogrom Gives the ACI Code
0802490285-1 Which is Correct.
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CHANNEL  CHANNEL

Figure 28. TV Image Corresponding to Cor #1097 (Train #12, Side 2).
The Analog Signal is Recorded from Scanner #3 (Trark
Side #1). The Couse of Non-Read was ldentified as
Rusted Background Which Affected the Front Surface of
the Labels.
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The observational data given dbove are very useful in quantitatively uncer-
standing the label-scanner interface. The data are of great importance for tradeoffs

and/or cost -effectiveness analysis.

5.4.2 Per Cause Group and Scanner

The seventeen non-reod and error-read related causes (see Section 4.8) are
classified into three main groups: 1) operating environment, 2) monagement* ond

3) test and data reduction.

. Operating Environment
Dirt
Label damage
Others
Undetermined
Phosphate accumulation and/or deterioration coused by chemicals
Label modules foding
Modules damoged
Low lobel and bent plate
Dirty low label
e Management
Non-labeled cars
Label misapplication
New modules in old labels
Rusted bocking plate on side of the cor
Block anodize failure on backing plate

*The non-read and error-read management related causes could be generally defined
as those causes due to the lack of complionce with the OACI management procedures
prescribad in Reference 5.
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e Test and Data Reduction

No code (error in data coding).

A summary of the operating environment non-read and error-read related causes in the
OACI Chicago Test is given in Table 9. Management related causes are presented in
Table 10, and the test and data reduction related causes are shown in Table 11, The

data provided in these tables is for all the scanners and the multiplexed data Scanners

#2 and 3.

Tables 9 through 11 contain two columns for each scanner . AondB.
Column A contains data corresponding to all the car types scanned by the particular
scanner and Column B only car types sconned by all the scanners (data corresponding to
Trains #11, 15, 16 and 51 weve deleted ond totals ond percentages properly adjusted),
It is interesting to note from the data on Tables 9 and 10 that Scanner: #3 ond 4 reduced
the numrber of non-read and error-reads due to the operating envirorment related causes
to 34 percent of the cases reported by Sconner #1. In the case of the management related
causes, the totals for the Scanners ¥4 and 5 were reduced to 81 percent ond 89 percent of
the values reported by Scanner #1. These reductions are attributed to the modifications
(ond alignment procedures) introduced in Scanners #3, 4 and 5. The inspection of Table
11 gives higher test and data reduction non-reod and errur—related causes for Sconner
#1, compared to the values obtained from Scanners #2 through 5. The explanation of
this higher value resides in the fact that this teletype did not print as cleurly as the
others and therefore errors were introduced in the coding of the data from that printout,
Nevertheless, it should be pointed out that the coding and keypunching errors reflected
in these percentages are extremely low for a crash program of this type. Thase errors are
identifiable since the computer's printout is at the cor level,, ond when an error oppears
without an identifiable cause, the computer prints "no code. " Further examination of

the data will enabls correction of these ininor errors.
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5.5 SCANNER SYSTEM PERFORMANCE LIMIT

One of the main objectives of the CACI Chicago Test was to evaluate the

OAC! as a principle of operation. The test was not intended to perform hardware test

a1d evaluation or any other aspects related to commercial product development or

client-supplier relations, reliability , maintenance, etc.

The scanner systems were properly calibrated at the beginning of each test
day to ensure that the transfer runction of the respective scanner system was maintained.
Also, the performance of each sconner was checked at the end of each test day to

ensure constancy of performance during the day.

The question presents itself: What is the performance limit of the optical
scanners with the lcbel population observed ot the Chicago Test? This limit of reada-
bility, Rz iy 1 given by Equation (6) and computed as follows:

A+P+(a+tb+cid+e)+f
T

(3)+(5) + (=) )

Functionabil i% Management ‘
Reiated Causes

Riimit =

Operating Data Coding
Environment ond/or
Relat :d Causes Punching
Read from Causes
Oscillograoms

The term ;— was found to be appioximately 50 percent of (?) (=R' -R), ond (-i_f-) was
found to be approximately 50 percent of the ‘no code" errors (item No. 7, Table 11).
Based on the data supplied in Tables 2, 10, ond 14, the meon limit of reodability for

Sconnerf2, i“m“ 2 is estimated os: :
Tl
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Functionability (5,065 cars)

Envircnmental related causes . :ud £ o oscillogram,
0.5x R' - R)

Management relcted causes

Data coding and/ar . =i . -, 0.5 » Causc #17

Estimatca Kyv )9

Similarly, the estimate of Elimit,3 (Scanner #3) is:

Functionability

Environmental related causes read from oscillogram,

0.5x (R' -R)
Manaogement reloted causes

Doto coding ond/or punching erior, 0.5 x Cause 7

Estimated Rlimit .3

88.1%

1.0%
4. 5%
1.0%

94.6%

88.8%

0.9%
5.3%
0.5%

95.5%

Due to the similarity in performance between Sconner #2 and Scanner 5, and Scanner

#3 and Scanner 74, the (R' - R) values of the respective scanners will be applicable.

Estimate of R,. .. 4 (Scanner #4):

1.
2.

Functionat:ility

Environmental reloted couses reod from oscillogram,
0.5x R' -R)

Monogement related couses

Doto coding ond/or punching error, 0.5 x Cause £17

Estimated Rl imit, 4

89.4%

0.9%
4.8%
0.5%

95.6%



Estimote of Rlimif,5 (Scanner #5)

1. Functionability

2, Environmental relcted couses read from osciilogram

0.5x (R -R)

Monagement related causes

oW

Data coding and/or punching errcr, 0.5 x Cause #17

Estimated Rlimit 5

Estimate of ilimit,2+3 (Multiplexed Scanners #2& 3)

-—
.

Functionability

2.  Environmental related causes read from oscillogram,
0.5x (R' -R)
3.  Manogement -elated causes

4.  Data coding and/or punching error, 0.5 x Cause #17

Estimated Rlimit 243

Estimote of Elimif,l (Sconner #1)

1. Functionability

2,  Environmentol related causes read from oscillogrom,
0.5x (R' =R,

3.  Moanagement related couses

4. Data coding and/or punching error, 0.5 x Cause #17

Estimated Ry. . |

88.0%

1.0%
5.1%
0.7%

94.8%

93.2%

1.0%
3.3%
0.5%

€2.9%

1.5%
5.9%
1.3%

91.6%



5.6 FUNCTIONABILITY AND THE CHICAGO TEST RESULTS

Based on data supplied by reporting railroads, the AAR, Communication &
Signal Section, issued monthly reper1s on CACI functionability. Table 12 is the
report issued in July 1975, and contains the functionabilities reported by eleven
railroads corresponding to the montis of April and May 1975. Table 13 gives similor
data but by grouping the dota of individual reporting railroads on a monthly basis.
Figure 29 gives a plot of the data show~ in Table 13. Table 14 gives the function-
ability obtained at the OACI Chicago Test on a train by train basis and for each one
of the five scanners. Also, it includes the multiplexed functionability from Scanners
#2 and 3. Since Scanner #2 is on Side #2 of the track and the rest of the scanners ore

on Side #1, information is given on the cars labeled per train and per frack side.

The AAR functionability data and the functionability data from the OACI
Chicago Test is provided to establish a "link " between the two sets of data. A de~
tailed comparison was not established due to the stringent time limitations in prepor-
ing this Chicago Test summary of results.* Nevertheless, the 82.9 percent function-
ability of Scanner #1 (CRTIS Site #15 scanner) is well within the uppar ond lower
bounds of 78.0 peicent (CRTIS) cnd 83.5 percent (Southern Pacific) functionabilities
given in Table 12 for May 1975, by the AAR. The functionability data, 90.9 percent,
from the Duluth, Missabe and Iron Range Railroad was not included due > this
railvood’s unique operational aspects (captive fleet). It should be pointed out thot in
the AAR data Equation (2) is used.

* The utilization of the mean functionability as on indicator of the national trend
wiil be further investigated and reported by TSC.

-74 -
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Table 13, OACI Functionability Report (by Year and Month) May 1975.*

Reporting Cars Correctly
Year Month  U.S. Railroads** Cars Scanned Read, %
1970 Dec 1 27,895 87.0
1971 Jan 1 26,405 87.0
Feb 1 28,390 87.4
Mar 1 30,674 87.2
Apr ] 44,876 87.3
May 1 45,387 87.0
Jun 1 81,976 87.1
Jul 1 80,287 84.4
Aug 1 66,929 85.0
Sep 1 88,935 84.0
Oct 1 128,010 83.9
Nov 1 171,668 84.4
Dec 1 158,915 84.2
1972 Jan 1 171,420 84.3
Feb | 172,350 85.1
Mar 1ond 2 405,148 83.4
Apr 1 and 2 459,896 83.0
Moy 1and 2 447,571 82.5
Jun land 2 - 82,1
Jul 1 ond 2 474,081 82.4
Avug lond 2 399,813 81.9
Sep 1ond 2 438,473 81.3
Oct lTond 2 416,524 81.3
Nov 1,2aond 3 958,645 81.1
Dec 1,2,3,4and 5 1,268,887 81.5
1973 Jon 1,2,3,4ond 5 1,356,566 79.4
Feb 1,2,3,4and 5 1,387,939 79.3
Mor ,2,3,4and 5 1,641,362 79.4
Apr 1,2,3,4ond 5 1,535,936 79.3
May 1,2,3,4and 5 1,523,395 78.4
Jun 1,2,3,4and 5 1,689,655 79.4
Jul 1,2,3,40nd 5 1,463,543 79.5
Aug 1,2,3,4aond 5 1,608,625 80.6
Sep 1,2,3,4and 5 1,540,334 79.9
Oct 1,2,3,40nd § 1,488,420 79.7
Nov 1,2,3,4and 5 1,645,907 78.3
Dec 1,2,3,40nd 5 1,910,346 77.6

* Prepared by the Association of American Railrords, Communication & Signal Section,

July 2, 1975.
** See key on following page.
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Continued)

Table 13. OACI Functionability Report (by Year
and Month) May 1975.*7

Reporting

Cars Correctly

Year Month U.S. Railroods** Cars Scanned Read, %

1974 Jan 1,3,40nd 5 1,622,471 77.5
Feb 1,2,3,4and 5 2,003, 058 78.5
Mar 1,2,3,4and 5 2,212,263 77.9
Apr 1,2,3,4ond 5 2,206,745 78.7
May 1,2,3,4ond 5 2,230,954 79.3
Jun 1,2,3,4o0nd 5 2,171,505 79.4
Jul 1,2,3,4and 5 2,012,606 79.8
Aug 1,2,3,4and 5 2,219,261 80.1
Sep 1,2,3,40nd 5 2,102,515 79.9
Oct 1,2,3,40nd 5 2,225,306 79.2
Nov 1,2,3,4and 5 2,148,544 78.8
Dec 1,2,3,4and 5 1,813,600 78.4

1975 Jan 1,2,3,4and 5 1,786,107 78.6
Feb 1,2,3,4ond 5 1,664,031 79.4
Mar 1,2,3,4and 5 2,014,820 81.5
Apr 1,2,3,40nd 5 1,882,095 81.8
May 1,2,3,4and 5 1,840,820 82.0

* Prepared by the Association of American Railroads, Communication & Signal

Section, July 2, 1975.

** KEY:

1. Union Pacific

2. Atchison, Topeka, and Santa Fe Railway
3. Southern Pacific
4. Norfolk and Western

5. Elgin, Joliet, and Eastern Railway



Table 14. OACI Chicogo Test Scanner Functionability.*

Functionability, F, %

Cars per Cars Labeled Cars Labeled Scan.  Scan.  Scan. Scan.  Scan.  Scans.
Train #  Train++ Side #1 Side #2 4 2 3 14 5 1283

[ 98 93 94 83 84 89 87 84 92

2 93 89 89 88 85 89 89 82 94

3 61 57 57 75 82 85 82 80 92

4 93 90 90 76 80 83 83 83 86

5 126 125 125 87 80 93 92 86 94

6 104 104 104 88 N 97 95 93 98

7 128 125 125 82 N 88 88 87 93

8 84 81 82 80 89 92 89 90 95

9 102 100 101 85 N 89 90 88 95
10 83 82 81 82 88 90 94 90 96
n 95 90 95 79 92 22 87 83 94
12 17 116 116 86 89 91 92 92 95
13 93 90 90 75 84 82 81 83 87
14 79 77 77 86 90 N N 90 96
15 81 80 81 85 00 00 N 90 0
16 54 52 52 67 78 00 76 76 78
17 91 88 89 92 91 93 93 93 96
18 107 105 105 85 86 88 90 88 93
19 87 84 83 82 86 86 89 87 N
20 i3 108 108 81 82 86 88 87 88
2] 107 106 106 76 89 89 9N 85 93
22 118 17 nmz 90 94 93 94 94 97
23 88 86 83 81 89 92 92 88 94
24 65 63 62 77 92 86 86 89 94
25 87 80 81 72 82 75 80 82 87
26 120 nz 116 86 92 90 92 90 93
27 92 92 92 85 95 97 96 92 99
28 n 66 67 86 90 83 85 86 90
29 46 43 42 78 72 80 80 80 85
30 9 89 90 80 93 90 9N 89 96
31 65 62 63 85 83 89 89 88 95
kY 70 70 70 87 94 94 94 9 95



Toole 14. OACI Chicago Test Scanner Functionability* (Continued).

Functionability, F, %

Cars per Cars Labeled Cars Labeled Scan. Scan. Scan. Scan. Scan. Scons.
Train ! Train** Side #1 Side 72 f 2 3 4 15 7283
33 89 86 87 84 82 89 90 90 91
34 79 73 74 77 88 84 84 82 85
35 97 97 97 85 98 96 96 92 100
36 89 85 86 88 91 89 91 N 93
37 102 99 100 76 86 84 85 82 9
a8 41 40 41 93 90 95 95 95 100
39 62 &0 58 79 81 84 87 87 90
40 136 134 134 86 87 N N 92 93
41 89 87 87 69 92 4! 94 91 94
42 78 75 75 81 85 86 86 87 90
43 76 73 73 83 87 84 N 87 89
44 87 82 83 84 83 85 85 86 89
45 95 96 93 82 92 86 88 89 95
46 85 85 85 89 94 92 95 92 96
47 102 98 100 87 90 90 90 88 93
48 87 87 87 85 94 98 98 94 99
49 54 51 52 85 85 a3 87 89 89
50 129 124 125 83 78 90 85 85 N
51 54 54 54 87 85 00 N 87 85
52 116 116 115 77 93 87 85 82 95
5 120 118 117 82 92 N 93 N 96
54 51 47 48 73 84 76 73 75 86
55 122 19 122 81 93 94 96 90 96
56 57 54 53 81 89 91 9 89 95
57 124 123 122 85 87 85 87 87 44
58 98 96 96 90 93 95 93 92 98
L 20 120 120 97 96 99 9 9% 100
Totols 5349 5206 5217 F= 829 881 88.8 8.4 8.0 9.2

* Data corresponding 1o trains 711,15, 16 and 51 have not been considered in the readability averages due to the foct that
Scanners 12 ‘or 3 were not operational when the troins passed. The total number of cars in the 59 trains was 5,349;
deleting trains ¥11, 15, 16 ond 51, the total number of cars is 5,055.

** Locamotives and cabooses were not included in the number of cars per train. in the 59 trains represented in this sample,
no passenger cors and/or work trains were observed.
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5.7 SCANNER OPERATIONAL SYSTEM PERFORMANCE AND
PERFORMANCE LIMIT PER CAR TYPE AND DIFFERENT
CAR MIXES

As indicated in Section 5.1, normalizing thetar mix of the sample to reflect
the national fleet is considered unnecessary if one wants to formulate a clear definition
of the readability problem of a given OACI installation associated with the specific
overall railrood environment. Since each railroad is interested in its OACI retum on
investment, the only readability in which the railroad management will be interested is
the projected or actual readability of its OACI installations. The readability odjusted

to the national fleet car mix is only to reflect a trend. Since the AAR published on

OACI mean functioncbility bused on the functionability supplied by the participont

railroads, we will correct ou- values to the national mix to intercompare the Chicago

Test data and the AAR data.

To reach conclusions and proposed recommendations, the readability R; of
ccr type x by scanner s will be obtained from the Chicago Test data, and the label-
sconner readability R¥ of cartype x by scanner s will be computed.

5.7.1 Box Cars

The total number of box cars scanned woas 3,740 of which 3,697 were labeled.
The corresponding box car readabilities R‘B » and RS per scanner are given in Table 15.

Table 15. Box Car Readabilities k; and R§ Obtained
ot the OACI Chicago Test.

Readability | Lobel-Scanner Readability

Scanner # R; or
» % R'B" %
1 87.7 N.I.
2 93.7 95.2
3 94.8 96.1
4 94.9 N.I.
5 93.0 N.I.
283 97.2 98.

N.l.: no information.
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5.7.2  Hoppers (Open or Covered)

The total number of hoppers (open or covered) scanned was 376 of which
353 were lobeled. The corresponding hopper readabilities R:‘I and R;_: per scanner
are given in Table 16,

Table 16. Hopper Readabilities Ry, and Rij Obtained
at the OAC! Chicogo Test.

| Readability | Lobel-Scanner Readability

Scanner # R:,' , % Rﬁ. %

1 £3.0 N.1I.

2 89.4 91.9

3 88.4 89.8

4 90.1 N.1.

5 £9.8 NI,

283 93.5 94,

N.l.: no information.

5.7.3  Flot Cars
The total number of flat cars scanned was 190 of which 181 were labeled.

The corresponding flat cor recddabilities K; ond R per scanner are given in Table 17,

Table 17. Flat Cor Readabilities R‘F and Ri* Obtained
at the OACI Chicago Test.

Readability | Label-Scanner Readability

Scanner # RS Ri
F F

1 76.8 N.I.

2 82.4 85.2

3 85.6 88.4

4 79.6 N.I,

S 80.7 N.I,
283 91.2 93.

N.l.: no information.

-82 -



5.7.4 Cor Carriers

The total number of car carriers scanned was 383 of which 356 were laobeled,

The corresponding car carrier readabilities Ri and R'® per scanner are given in Table 18,

Table 18. Car Carrier Readabilities RE and R Obtained
at the OACI Chicago Test.

Readability | Label-Scanner Readability
Scanner # RS RS
C C
1 78.0 N.I.
2 76.5 79.9
3 78.4 80.3
4 77.5 N.I.
5 76.7 N.I.
283 84, 85.1

M.l.: no information.

5.7.5 Gondolas

The total number of gondolas scanned was 297 of which 272 were labeled,
The corresponding gondola readabilities RsG and Ra per scanner are given in Table 19,

Table 19. Gondola Readabilities R‘G and REE Obtained
at the OACI Chicago Test.

s ‘ Readability | Label-Scanner Readability

canner s .
Re k&

1 78.3 N.I.

2 79.3 81.1

3 82.0 85.3

4 81.3 N.l.

5 81.3 N.I.
283 90.4 9.

N.l.: no information.



5.7.6 Tank Cars
The total number of tank curs scanned was 151 of which 135 were labeled.

The corresponding iank car readabilities R.sl. ond Ri.’ per scanner are given in Table 20.

Table 20. Tank Cor Readabilities R’T and Rt Obtained
at the OACI Chicago Test.

Reodability | Label-Scanner Readability

Scaonner ¥ R.} R?
1 ‘82.2 N.I.
2 86.3 91.4
3 89.6 1.1
4 1. N.I.
5 80.7 N.lI.
283 91.9 92.

N.l.: no information.

5.7.7 Others

In the category of others we include the cars which did not have specific
designation and the cars for which descriptions were not recorded. Since only 0.1
percent of the cars observed ot the Chicago Test site are in this category, the sample
size is too small to have a statistical meaning, Therefore, no readability (Rg) informa-

tion is provided for this car group.

5.7.8 Cor Mixes

In order to attain the R for given cor mixes we should use the following lineor
combination:

R=0R;+Bl¢|+yk;+8k::+ekz;+nk;+9k’o @)

wherea, B, v, 5, ¢, n and 8 ore the fractional contribution in the car mix of the box
cars, hoppers, flat cars, car corriers, gondolas, ‘ank cors, ond other cars, respectively.
These cor mix coefficients should satisfy the following relation
!l =a+B+y+8+e+n+0 (8)
- “ -



It should be ,ointed out that in order to have equal weight, the Rs coefficients should be
obtained by measuring equal sample sizes per corresponding car type. In our Chicago
Test we do not have equal sample size per cor type but for the purpose of assessing

Equation (7) we nssume equal weight for all Rs.

Introducing the R values corresponding to Scanner #1 ana the values reflecting

the national mix into Equation (7),

) < (0.261)87.7 + (0.334)83.0 + (0.077)76.8 + (0.000)78.0
+(0.11)78.3 + (0.097)82. 2 + (0.020)80.0*

R - g3.5

That meons that the so called "bias" on the R due to the traffic mix in the Chicogo Test
in comporison with the cor mix of the U.S. fleet is only a 2.1 percent difference. For
the Scanner 2 R(z) = 88.6, giving a difference of only 2.1 percent. For the multiplexed
Sconners 72 and 3 R(2&3) = 93.9 or a difference of 1.6 percent with the value obtained
with the Chicogo Test troffic mix. Therefore, we can conclude that the difference for
oll Rs corresponding to the Chicago test ond the adjusted volues for a traffic mix corre-

sponding to the U.S. fleet is approximately 2 percent.

5.8 NUMBER READ FOR ACTUAL MODULE CODE NUMBER

The purpose of the Chicago Test was to detemine if optics was an acceptable
principle of operation for an automatic car identification and not to evaluate the two

hardware implementations of that principle represented by systems deployed by two
suppliers. Nevertheless, there is available from the Chicago Test valucble experimental
data that will be helpful for an understanding of the hardware performance ond which we

*This value is basedon the R’o obtained for the other cor types. No observational dato
of statistical significance was obtained for this classification group (see Section 5.7.7).
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do not want to leave unrecorded. Therefore, this data will be presented in this section

but without major comments and/or conclusions.

5.8.1 OACI Label Code

Each OACI {abal consists of thirteen modules affixed to the side of the rail -
road vehicle in a vertical arrongement. Each full module consists of an upper half
module and o lower half module. The lower half module can be blue, red or white.

The upper half module con be blue, red, white or black. Using the allowable combina-

tions of the four colors provides thirteen unique codes (see Figure 30).

The two-color combinations least likely to occur in nature were selected for
the start and stop modules. The eleven combinations representing numerals were chosen for

their compatibility to teletype code format.

At the cente: of the OACI scanner field of view each half module produces a
nominal 10 usec pulse ot the output of the scanner, and therefore, a full module produces
a nominal 20 psec pulse. For example, a red or blue half module produces a 10 sec pulse
in the respective channel. A white half module produces a 10 sec pulse in both channels.

In order to validate the reading of the label by the scanner each OACI lcbel
contains a validity check digit (error detecting code) that is calculated in accordance

with the AAR Automatic Car Identification Manual (Reference 5) os follows:

*The validity check digit is calculoted by the use of an
AAR approved validity check digir zalculation sheet,
The validity check digit calculation is made in the
following manner. The number of eacl succeeding label
module, storting with the equipment code number ot the
bottom of the label , is multiplied by an increcsing power
of two, storting with (2%. Values of the increasing
powers of two are:



10°
STOP

O = NW & NN N® ©

START

Figure 30. OACI Labeil Showing the 11 Modules Corresponding
to the 11 Numbers Used in the Code Plus the Start
and Stop Modules.



20 = 2 = 32
2! = 2 2 - 64
22 =4 2 =128
2 =8 2% = 25
24=16 29=512

The results of these multiplications are odded, the sum
divided by eleven ond the remainder is the validity
check digit. The validity check digit may have o
value from 0 through ‘10**, e.g., if a freight car
having an equipment code number of 0, on identi-
fication code number 972 ond car number 123456 was
to be labeled, the lobel format would be:

Validity check digit [ & ]

x 512 2%) = 3072
x 256 (28) = 1280
x 128 ) = 512

[5TOF ]
]
5]
[
C3 ] x 4% = 192
T x 2@%)= 64
CT ] x 6@4h= 16
CZ)x 8@d)= 16
7 )x 4= 28
Cy ) x 22")= 18
CTx 1@%=_ o
[START] 5198



472

11 /5198
“
79

7

28
22

6 = remainder = Validity check digit
Therefore , a label module having a value of 6 is
placed in the top section of the label, If the
remainder is 0, a label module 0 is applied; if the
remainder is 10, a label module marked '10*' is
opplied., "

5.8.2 Per Train ond Scanner

To determine the ability of each scanner to read the thirteen digits in the
OACI code the TSC computer program developed for the Chicago Test outputs a matrix
indicating for each one of the numbers in the code, how many times it has been read.
Figures 31 through 35 show the printouts corresponding to Scanners #1 through #5 for Train
#17. This train hod 91 cars of which 88 cars were labeled on Side 1 and 89 on Side 2,
For each of the 59 trains scanned during the Chicago Test o printout per scanner was

oufput,

5.8.3 Per Test and Sconner

The data on a per train and scanner basis described in Subsection 5.8.2 has
been compiled on a per test and scanner basis and is presented in Tables 21 through 25,
The data presented in these tables will assist in the diognosis of the error-read couses
for each one of the OACI| systems tested in Chicago. Since the error-reads are not only
related to the cause that affects the labels but they are also related to the choracteristics
of the OACI scanners, interpretation of this dota will be port of a subsequent report.
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Based on the data obtained with any one of the scanners, the number of times
that each one of the numbers was recorded during the test can be determined. This datc
is important since it is proportional to the module number a priori probebility in the
label -scanner communication channel. The percentage of the total number of modules
read with a given module number during the Chicago Test by Scanner #1 is given in
Figure 36. The percentage of the total given module code number error-reads by the

different scanners is presented in Figure 37,
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Table 21. Total Number of Times Scanner #1 Read a Particular Number for the
Actual Module Number Dr'ring the Chicago Test.

Actual Module Numbers Read
Numbers o [T 2T3Ta4sT el 71819 10
0 10262 31 5 16 2 12 4 3| 154 6| 10
i 516539 8 3 10 0 2 5 14 0 0
2 2 7 15454 9 2 1 ] 2 32 0 3
3 2 1 713924 Ki b 2 2 7 2 0
4 0 3 0 114453 2 0 3 ] 4 0
5 ] 0 1 4 1] 6044 2 1 8 9 ]
6 17 | 0 4 | 3| 4079 0 10 é 0
7 4 4 3 2 4 0 1| 2977 31 0 2
8 2 3 3 4 0 é 5 213080 31 ©
9 2 0 0 1 0 31 13 2 514745 O
10 3 1 0 1 0 0 0 0 0 01473

Table 22. Total Number of Times Sconner #2 Read a Particulor Number for the
Actual Module Number During the Chicago Test.

Actuval Module Numbers Read
Numbers 0o ["J2T3] 45617 T8 19 o
0 10483 17] 6| 12 | 12l 5| 3| wl 2f 4
i 4len7| 51 1| | 2f 5| & 7 4 o
2 14 |ssss| 3| 3] ] 51 3 51 1l
3 7| 2| 4|sse8] 7| 4| 2| o 13| 1]
4 6| 41 2 |asio] 4} V| 2] V| sl o
5 6| 2| 4f 1| olewse] 4 1] ol 0l o
6 2 | o] 3| 1| Tsleze| o] 7| 3|
7 3l 71 | 2 3] | 203032 1| ol 1
8 7 31 3] 3] o i} 3| 1334l 5| o
9 71 ] 2] o ul 51 2 2lsmel
10 4] of of of ol 1] ol o] ol olao




Toble 23. Total Number of Times Sconner? 3 Read a Particular Number for the

Actual Module Number During the Chicago Test.
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Table 24. Total Number of Times Scanner #4 Read a Particulor Number for the

Actual Module Number During the Chicago Test.
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Table 25. Total Number of Times Scannar #5 Read @ Particular Number for the
Actual Module Number During the Chicago Test.

Actual Module Numbers Read
Numbers o [ vl 23] 456l 71819 Tio
0 0467 511 5| 4| 2| | 3| ol 38 il e
1 8lene] 3] 3| 5| 3| & & s/ of o
2 4| 17fss8] 5| 2f o 1| 2| 8] 1l 2
3 3| 5| 1{swel 2| 71 il of 7 3| o
4 of 4/ ol 274539 1| ol 3| | 4l s
5 1| of 1| 4| o|lsi2l 3] 1| 3] 5| o
6 3l 71 of 3| 1| 3lasisl o] i8] 3]
7 1 3 1] o 4| ol olae2s| 13| 3| 2
8 3] 51 2| w2 of 3 2|7 7]|aerel 21 o
9 of 1| o 2 ol 8 & 2| 3|44s] o
10 3] 1| of of o o o o ol 1laso
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Figure 36. Percentage of the Total Number of Modules Read with o Given
Module Code Number During the Chicogo Test by Scanner #1.
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Figure 37. Percentoge of the Total Given Module Code Number Error-Reads
by the Different Scanners During the Chicogo Test.
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6. OACI CHICAGO TEST CONCLUSICNS AND RECOMMENDATIONS

The OACI Chicago Test objectives set forth in the Field Test Program

(Reference 1) have been accomplished. Furthermore, during the performance of the

test and data reduction at TSC, new areas of investigation not contemplated in the

original program were established and results obtained.

6.1 CONCLUSIONS

The important conclusions of the OACI Chicago Test are summarized as follows:

a.

OACI Scanners Operational System Performance

- Residual Operating Environment and
Mean Readability R Management Non-Read Cause
Scanner 1 85.6% Scanner #1 14, 5%
Sconner #2 90.7% Scanner 72 9.3%
Scanner 3 91.4% Scanner 3 8.6%
Scanner 74 92.0% Scanner 74 8.0%
Scanner #5 90.7% Scanner #5 9.3%
Sconners 1283  95.5% Scanners 283 4,.3%

OAC]| Label-Scanner Readability
Meoan Lobel-Scanner Readability i'_

Scanner 1 86.4%
Scanner 72 92.8%
Scanner #3 93.2%
Scanner 74 95.4%
Scanner 75 94 .4%

Scennors 7283 96.79%

The estimated error on the above values is £1.5 percent.

- 100 -



C.

OACI Scanner System Performance Limit

- Residual Operating Environment
Mean Readaobility Limit, Rlimit Non-Read Causes
Scanner #1 91.6% Scanner #1 8.4%
Scanner #2 94, 6% Scanner #2 5.4%
Scanner #3 95.5% Scanner #3 4,5%
Scanner ¥4 95.6% Scanner #4 4,4%
Scanner #5 94.,8% Scanner #5 5.2%
Scanners 283  98,0% Scanners ¥283  2.0%

The estimated error on the above values is 1.5 percent.

Based on the summary results given above and the elements of judgment

generated during the OACI Chicago Test and data processing at TSC, some basic con-

clusions can be summarized as follows:

a.

In QOACI assessments conducted prior to the OACI Chicago Test, the

limitations attributed to the OACI system as principle of operation,

were system ond management related non-read and error-read causes.

The operating environment non-reod ond error~read causes account

for approximately one-half of the non-read problems of which dirt is

o subset. The values of mean readability limit E“m“ indicates that

the operating environment related causes ore, for the modified
sconners, on the order of 4.9 percent on the average of which the non-
read dirt couse is a fraction of the 4.9 percent. Therefore, an inten~
sive cleaning program will not have a major effect on the readabiliry in

a cor mix population of the type observed at the OACI Chicago Test.
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b. The results indicate that a label cleaning program sheuld be substituted

by u lubel maintenance program. This program should be directed to:

e Label non-labeled cars,
e Re-label cars with misapplied labels,

o Choange labels which are out of specifications due to
mixture of new label modules in old labels,

e Toke care of labels which have been affected by im-
properly painted back, surface, or plates and therefore

rust affecting the front surface of the labels,

® Replace or repair back plates that have been anodized
with a technique which is improper for the railroad
operating environment. Due to the ultraviolet solar
radiation, a change from black to silver color occurs,

e Label cleoning.

Based on the OACI test dota (Tables 9 and 10) the above label main-
tenance elements account for a 6.4 percent average non-read and error-

read for the modified scanners and 9. 1 percent for the unmodified scanner.

c. The present OACI standard scanr.er systems were designed based on
<haracteristics of a given label population. [t appears that the
assumptions of those characteristics and maintenance of those char-
acteristics have changed over the years. Therefore, to accommodate
a new label-scanner interface, modifications have been introduced
in some of the scanners at the OACI Chicago Test. Those modifications
and proper scanner mcaintenance indicate that this could accommodate
a degraded label population. The scanner modifications show an
improvement in scanner readability on the order of 5 percent. It

should be clearly stated that a properly designed label maintenance

program will reduce the importance of the scanner modifications.
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This means the initiation of a cost-effectiveness study to determine
the trade-offs between a label maintenance program and scanner

modifications.

The measurement of the mean label=scanner readability, R', indicates
there are at least 2 percent (R' - R) of the total labels which are not
read by the scanners when illuminated but give sufficient information
to allow decoding of the original label code. That means that 2
percent of the labeis give signals which are completely out of specifi-
cation but still could be read by means of some other decoder. As in
item c., a cost effectiveness study would be necessary to determine the

trade-offs between scanner processor redesign and a label maintenance
program.,

Based on the OACI Chicago Test data, it is clear that by removing the
management non-read and error-read rela fed causes, the modified
scanners tested in this program approach a readability limit on the
order of 95 percent. This readability limit is predicated on implement-
ing hordware to the limits ochieved during the Chicago Test. Also,
this is considering the present cleaning progrom reflected on the sample

scanned at the Chicago Test.

The multiplexed results of Scanners #2 and 3, one installed on each
side of the track, having mean readabilities of 90.7 percent and

91.4 percent respectively, gave a multiplexed mean readability of
95.5 percent! That is 10 percent higher than Scanner #1 and approxi-
mately 5 percent higher thon either Scanner #2 or #3. The built-in
redundancy in the multiplexing, at least for part of the system, will

increase the overall system readability over long periods of time.
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9. Evaluating the OACH Chicago Test data results summarized above,

it is clear that optics as the principle of operation for an automatic

cor identification is o sound one. The optical principle of operation
allows also for other system extensions to solve g given railroad's
specific needs or specific traffic mixes. These system extensions or
additions still need to be explored. To evaluate the OACI for a
specific railroad, or traffic mix, or management needs based on
national averages is not applicable. The OACI scanners are sensors
with a high readabiliy capability demonstrated at the Chicago

Test and the usage of these sensors in a car management system depends
upon the ability of the system designer to use those sensors. In

the cose of a network with n nodes, providing, for example, 95 percent

readability at each nzde will render o high readability system.

As a general conclusion, it should be stated that the major danger in opti-
mizing the OACI system (which olsolincludes the label) among several alternative
system configurations or to choose among alternative modifications (which includes
label maintenance) is that of reduction to sub-optimization. It may be that in the
criterion selection, one relevant factor is overweighted at the expense of others
equally important, or that some subsystem is optimized rather than the overall system,
Cleorly, the entire question of OACI optimization versus OACI sub-optimization is
merely a restatement of the question of balance judgment versus overemphasized

consideration of certain criter'a. System analysis and system cost-effectiveness

studies are of paramount importance to assist in the OAC]| optimization or the selection

of modification alternatives.
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6.2 RECOMMENDATIONS

The field test demonstrated that information is available in the retrore=-
flective signal to significantly increase the reodability of scanners. A laboratory
investigation camplemented with an OACI system engineering analysis and system cost-
effectiveness analysis would develop a set of equipment performance parameters (i.e.,
dynamic range, MTBF, MTTR, etc.) with the o ‘ective of reaching warranted readability

and with the upper limits shown by the field test Cata.
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APPENDIX A
PARTICIPANTS IN THE OACI CHICAGO TEST

ORGANIZATIONS

Federal Railrood Administration

Transportation Systems Center

Association of Americon Railroads

Railroad Progress Institute

Chicago & North Westem Transportation Co.
Chicogo Railrood Terminal Information Systems, Inc.

SUPPLIERS

Servo Corporation of America
Computer Identifics Comporation

CONTRACTORS

Kentron Hawaii, Ltd.
Aerospace Systems, In..

PERSONNEL AT THE TEST SITE

Transportation Systems Center

Hector C. Ingrao, Test Director

Robert L. Stone, Field Test Representative

Melvin A, Yaffee, Assistant Engineer

Robert S. Yatsko, Electronic Engineer

Charmaine Shultz, Administrative Support (Contractor)

Servo Corporation of America
Kobert Maynard, Director of Systems Engineering

James W, Johnson, Project Engineer
Robert Foltz, Design Engineer

Computer Identics Corporation
Christo B. Kapsambelis, Vice-President of Systems Engineering

Clyde F. Ugalde, Director of Field Engineeri
James Galloway, Field Engineer i
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APPENDIX B
TEST SITE SELECTION CRITERIA

The DOT TSC OACI Field Test was conducted at the Chicago Railroad

Terminal Information System (CRTIS) Site #15, Proviso Yard (property of the Chicago

and North Western Transportation Company), Melrose Park, Illinois. Some of the

parameters used in the selection of this site are discussed below:

Existence ot site of late model scanner including a label decoder
processor and printout device

Track configuration to permit scanning on both sides of the train
Minimum switch moves (s*ops, reversals, etc.) at the site

Train speed less than 5 mph to provide good fidelity on the video
recorder, and ability to physically inspect labels after passing through
scanners

Representative mix of car types; i.e.:

box car 35% gondola 11%
hopper (closed) 13% tank cor 10%
hopper (open) 21% other 2%
flat car 8%

Adequate sample size (960 cars)
Minimum preparation requirements

Availability for preparation and test during the selected time period
(June 11 through September 5, 1975)

Accessibility on o 24 hour/day, 7 day/week basis

Test equipment configuration and monitoring with no interference
in yord operations and/or unnecessary delays because of railroad
safety rules ond regulations

Physical security for scanning ond monitoring equipment
Electrical power available: 115v 60 cycles 20 kvo

Likelihood of electromagnetic interference minimized (i.e., not near
electric high voltage lines)
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Communications (maintenance shop space in general vicinity)
Mutually convenient location for test personnel , porticularly sites
for each manufacturer co-located such that each views the same
population of labels

Close proximity (within 30 feet of scanners) of parking area for test
support vehicle

Availability of manpower for limited support, and local labor
considerations.
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APPENDIX C
PRINTOUT FROM THE OACi SCANNERS AT THE CHICAGO TEST

The output of the five OACI scanners at the Chicago Test are in the form of
teletype printouts. Scanners 1, 4, and 5 have independent teletypes and Scanners #2
and 3 share a teletype. To facilitote data coding, enlarged photographic copies of all
printouts were made and assembled side uy side, in sequential order. Therefore, the five
sconner outputs corresponding to the same railrood car are on the same line of the composite
printout. Also, the Heoder and Trailers of the priatouts were composed on the same
poge. Train sequential number, car range per printout, and data were odded later.

Table C-1 presents the composite printout for Train #002, car sequences 99 to 191.

To facilitate the interpretation of the printouts, the following codes ond
symbols are used:

/  ? in position 11 of the readout indicates incorrect parity
& Scanner unable to read label. Codes also used for
NO LABEL
unlabeled cars.
000000000000
*-/ in 12 position of the reedout indicates a parity check 10

Printout Header From Scanner #1 (CRTIS Scer ner)

CRT-HDR 046 015 21 265 230 1231 G0 096
a b c d e f g h i

a. CRTIS Header

b. Number idertifying scanner in CRTIS network
c. CRTIS site numoer

d. Direction of train

e. Messoge number

f. Julion day
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g. Time of day
h. Power and buffer failure report

i. Number of cars in train as recorded by the wheel counter

Printout Header from Scanners?2 and 3

SEQ:105 SCAN:1 CARS:097 DIR:12 TIME:1233 DATE:230 PWR:0 BUF:0

a b c d e f g h i
a. Sequence
b. Sequence number
c. Scanner number
d. Number of cars in train as recorded by wheel counter
e. Direction of train
f. Time of day
g. Julion day
h

Power failure report

Buffer failure report

Printout Header from Scanner #4

KZWR TOWER ACI 029 230 1234 E

a b c d e f g

a. Not aopplicable to Chicago Test
b. Not applicable to Chicago Test
c. ACI
d. Message number

Julian doy
f. Time of day
g. End

Printout Header from Scanner #5
CHGO TEST CNTR DATA 230 1234 w 029
a b c d e f g h

a. Chicago
b, Test
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c. Center

d. Dato

e. Julian day
f. Time of day

Direction of train (West)

9
h. Message number

Printout Trailer from Scanner #1

CRT-TLR 046 015 21 268 230 1243 0 O 097
a b c d e f g h i

a. CRTIS Trailer
b. umber identifying scanner in CRTIS network
¢. CRTIS site number
Direction of train
e. Message number
. Julion day
g. Time of day
h. Piggy back count
i. Car count by wheel counter

Printout Trailer from Scanner 2 ond 3

END CARS:097 PRIME: 082 NO LABEL: 014 TIME: 1245 DATE: 230
o b c d e f

a. End of printout
b. Number of cars in train as recorded by wheel counter

€. Messoge number from decoder-processor
d. Coars not read or no label

e. Time of day

f. Julian day

Printout Trailer from Scanner 4 and 5

No information.
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Table C=1. Composite Printout from the Five OAC! Scanners Tested in Chicago.

TRAIN:002 CAR: 99.191 AUGUST/18/75
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s:o-nos SCANTt CARS:1097 DIRt12 TIMESs 1233 DATE:230 PVR10 BUF10 (SCANNER 2)
SFQalOG SCANtZ CARS31097 DIR:12} TIMES 1233 DATEI230 PWR$D BUF:0 (SCANNER 3)

KZWR TOVER ACI 029 230 1234

(SCANNER 4)

CYA0 TEST CMTR DATA 23D 1234_¥.029 (SCANNER 5)
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Table C-1. Composite Printout from the Five OACI Scanners Tested in
(Continved).
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APPENDIX D
INSTRUCTIONS FOR KEYPUNCHING DATA ONTO IBM CARDS*

D.1 INTRODUCTION

This appendix contains the instructions for keypunching data obtained from
the ACI field test described in the report "Electro-Optical Automatic Car Identification
Field Test Program " (see Report No. FRA-OR&D-75-79). Also included are tables of
information sources for the data cards (Table D-1) and an estimation of the number of

IBM cards that will be required.

When the datahovebeen obtained, all relevant information will be transferred
onto IBM cards (see Report No. FRA-ORAD-75-79, pp. 9-12). The cards will be grouped
by trains with one heoding card for the whole train followed by two cards for each car

in that train.

The IBM cards for the whole train will have the following information key-

punched ento it:

IBM Card Data Per Train (See Figure D-1)

Data Description Columns on 1BM Cord
1. Train Number ‘ 1-4
2, Julion Date 5-7

3. Time of Day (that first car in trair passes
scanners) 8-11

* Written by the author and Stephen F. Schaedel, o student and FRA summer employee.
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10.

Data Description Columns on IBM Card

Train Direction 12
13 Blank
Train Speed 14-15
Weather Conditions 16
Number of Cars in Train 17-19
Number of Lobeled Cars in Train (Side 1) 20-22
Number of Labeled Cars in Train (Side 2) 23-25
26-28 Blank
Range of Car Sequence Number in Train 29-40
41-80 Blank

The I1BM card per car will have the following information keypunched onto it:

IBM Coards (2) Data Per Car
Cord #1 (See Figure D-2)

Data Description Columns on IBM Card
Car Label f: Standard Scanner #1 12
Cor Label f: Modified Scanner f2 13-24
Cor Label #: Modified Scanner #3 25-36
Cor Label #; Modified Scanner ¥4 37-48
Cor Label #: Modified Sccnner #5 49-60
Train Number 61-64
Car Number 65-69
Card #2 (See Figure D-3)
Train Number 1-4
Car Number 5-9
Actual Label Number 10-21
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Table D-1. Data Sources for Keypunching IBM Cards.

IBM Card Data Per Train

V.;je.«. Tape Computer Printout
Item # Field Log Book
Audic | Video | Manufacturer A | Manufacturer B
] X
2 X X
3 X X X
4 X X X
5 X
6 X
7 X X X
8 X X X X
9 X X X
10 X
IBM Card Dcta Per Car
Video Tepe Computer Printout
Item ¥ | Field Log Book
Audio | Video | Manufacturer A | Manufacturer B
1 X
2 X
3 X
4 X
5 X
6 X
7 X X
8 X X
9 X
10 X
11 X
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Figure D=1. IBM Card Dato Format per Train Sconned at the Chicogo Test.

Train number

Julion date

Time of day

Train direction

Train speed

Weather condition

Number of cars in train

Number of labeled cars in train (side 1)
Number of labeled cars in train (side 2)
Range of cor sequence number in train
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.

—t

-18 -



CROOOBBOOROUIINRURORIONIIRNNONNCINSOENNRIDINY L T T T T (T
IEEERERENY IE DPLY T TY TF 9 BUBRRNRENE BRARRGuasy SRRNUNNYEY an L 1] ] nnuARnNRAN ~
llllllllllllllIllIHHIIHIlllllllllllllllllllllllllllllllll nifnmminnnn

P
M2 222 2222222222222 NP2y 2(222222 2//
33333222233%3339333332331333233333332033333332333 133333323333p3133313)) /1{33/333/

-~
LRy R RNy EY Ry N RTYY AR A Iy LN RRRY EENRRY]
55 sS85 s55858S5555/5555555555¢¢ SSS55555555/5558]3855 SS(SSSS!/

~
U N O I SEebhscscockccsecss “{H (3
e

LR Ry R R R DR R N RN RRE  RERRRRRREEE] IRRRRRRRRERI RER IRRE] ﬁl”l//l
LR IR R R RN NN NI NN R NT IO YY1 LR RRRAN L R ) (TN .{lll

td
999999999989599999999999999959998599(999993393993/93999999999 9938999999999581998 !(/
11les s emunuNIINNNRD L LR EEE 2T I TY Y LLEE R T Y12 T] (1] KUAERRRNHUERNIARS

Figure D=2, .IrBM Card #1 Dato Format per Cor Scanned ot the Chicogo
.“ .

1. Cor label # Sconner 1
2. Cor lobel # Scanner #2
3. Cor lobel # Sconner #3
4. Car lobel ¥ Scanner 74
5. Cor label # Scanner 75
6. Train Number
7. Car Number
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Figure D=3, ITBM Card #2 Data Format per Car Scanned ot the Chicogo
est.

8. Train Number

9. Cor Number

10. Actual Label Number

11. Oscillogrom Label Number

12, Scanner Source for Oscillogram

13. Diognosis of Non-Reod and Error-Reod, Causes Side 1,
Causes Side 2

14. Car Type

15. Code for Instrumentation Related Problems
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(R
12,
13.

14,
15.

D.2

Data Description Columns on IBM Card

Oscillogram Label Number 22-23

Sconner Source for Oscillogrom 24

Diagnosis of Non-Reod and Read Error

Causes Side 1 35-36
Causes Side 2 37-38
Coar Type 39-40
Code for Instrumentation Related Problems 41-44

CODES FOR IBM CARD DATA PER TRAIN (See Figure D-1)

1.

Train Number, There are 4 columns (1-4) for the train number. The

first column will contain a slash (/) to indicate a new train number. The
next three columns will contain the sequence number of the train in the

experiment (not in the scanners).

Julian Date. There are 3 columns (5-7) for the Julian date. These
columns will contain a number from 1 to 365.

Time of Day. There are 4 columns (8-11) for the time of day when the
first cor passes the scanners. The first two columns contain the hour and
the following two the minute, For exomple, 2:30 p.m. would be
keypunched:

column 8 9 10 11
time 1 4 3 O

The hours range from 00 to 23.

Train Direction. There is 1 column (12) for train direction. AQoral
will be keypunched in accerdance with Figure D-2,

Train Speed. There an: two columns (14-15) for train speed. For example,
if the train was moving 5 mph, 05 would be keypunched onto an IBM card
in these columns. The speed information will be obtained by timing the
passage of the cars between two poles 145 feet aport. This information
will be retrieved from the video tape.

-121 -



6. Waeather Conditions (Column 16),

Condition Code Number
Clear, bright and sunny 0
Cloudy and bright 1
Overcast 2
Light drizzle 3
Rain 4
Heavy rain 5
Fog é6
Hail or Sleet 7
Thick smoke or air pollution 8

7. Number of Cars in the Train. There ore 3 columns (17-19) for the
number of cors in the train. This number is obtained from any of the
scanners printout minus the number of locomotives and cabooses.

8. Number of Labeled Cars in Train (Side 1). There are 3 columns (20-22)
for the number of labeled cars in the train (Side1). The number of
labeled cars is obtained from the total number of cars minus the non-labeled
cars. The non-labeled cars are obtained from visual observation and
reported in the audio channel of the video tape.

9. Number of Labeled Cars in Train (Side 2). There are 3 columns (23-25)
for the number of labeled cars in the train (Side2). This number is
obtained as indicated in item 8.

10. Range of Car Sequence Numbers in Train. There are 12 columns for this
category (29-40). The first 6 columns (columns 29-34) will contain the
sequence number of the first cor in the train, The last six columns
(columns 35-40) will contain the seauence number of the last car in the
train. Of course, locomotives and cabooses are not counted. For
example, if the first car in train number 8 is sequence number 2535 and
the last cor is sequence number 2585, then this data is keypunched:

column 29 30 31 32 33 34 35 36 37 38 39 40
ronge 0 0 2 5 3 500 2 5 8 5
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D.3 CODES FOR 1BM DATA PER CAR (see Figure D=2 and D~3)

1-5. Cor Label Number from Scanner Computer Printouts

The car lobel numbers from scanner computer printouts will be keypunched
in 12 columns for each sconner. The first 10 columns (1-10) on the first car data card
will contain the cor !D aumbeis. The following two columns (11 and 12) will contain
the parity check number. The first group of 12 columns from Scanner 1 will be
followed by the label numbers from S:anners #2, 3, 4and 5.

6 and 8. Train Number

Columns 61-64 on the first cor data card and columns 1-4 o the second
car data cord will contain the sequence number of the train in the experiment (not

in the scanners).
7 and 9. Cor Number

Columns 65-69 on the first car data card and columns 5-9 on the second

cor data cord will contain the sequence numi.er of the cars in the experiment,

10. Actual Car Label Number

The actual car lobel number will be keypunched in columns 10=21 on the
second car data card. The first 10 columns will contain the actual label number. The
next two columns will contain the parity check number. For exomple, the actuol cc:
label number might be 0721230750. This number is keypunched, exactly as it oppears
here, in columns 10 to 21 on the second cor data card. The sources of the actual cor
label numbers, in order of priority, will be the visual inspection reported in the audio
channel of the video tape and the still pictures of each cor.
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11, Osc;||gsrom Label Number

In case the label number from Scanner #2 and #3 is o non-read, the label
number from the oscillogrom for that scanner will be keypunched onto the second car
data in columns 22-23. If the oscillogram cannot be interoreted, nothing will be

keypunched for Scanner #3 in columns 22 and 33 on the second car data card.

12.  Sconner Source for Oscillogram

If both Scanner #2 and Scanner #3 read a given label number, a O will be
keypunched in column 34 on the second ccr data card. If Scanner *7 read o given car
label number but Scanner #3 could not read the label ot all, a 3 will be keypunched
in column 34. If Scanner 3 read a cor label but Scanner #2 could not read the label

at all, o 2 will be keypunched in column 34.

13. Diggnosis of Non=Read and E-~ur-Read Cause:

Diagnosis Code Number
Dirt 1
Damage

Misopplication (wrong module)
Other (label burned off, etc.)
Undetermined

Phosphate accumulation
Modules fading

Module damage

New/Old Modules

Rusted background

Low and bent

Low and dirty

Vo O N O AW N

-— et o
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Diagnosis Code Number
Black anodized failure 13
NO LABEL 14

The source of information for the diagnosis will be, in order of priority,
the oscillogram, the photograph of the car, the TV image of the car and the reporting
by an observer recordec in the audio channel of the video tape. Columns 35-36
on the second car dato card will be for causes that affect the non-reads on side 1 and

columns 37-38 on the second car data card the causes that affect non=-reads on side 2.

14, Cor Type

This information will be retrieved from the video tape (audio and/or video)

and keypunched in columns 39-40 on the second cor data card.

Type Code Number
Box 1
Closed Hopper 2
Open Hopper 3
Flatcar 4
Car Carrier 5
No Information é
Gondola 7
Tank 8
Other 9

15. Code for Instrumentation Related Problems

The code for instrumentation-related problems is given in Table D=2. There
are four columns on the second cor data cord designated for this code (columns 41-44),
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These columns correspond to the four categories of problems:

Problem Category Column
Electrical 41
Mechanical 42
Optical 43
Other 44
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Table D-2. Code for Instrumentation-Related Problems.

. Mechanical Optical
Ncuor::er (Poe::t;:i:mre) (Breakage or (Absence From Other
Vandalism) Post)
0 OK OK OK OK
1 Sconner f1 Scanner #1 Scanner 1 Out of Tape (TV)
2 Scanner 2 Scanner #2 Scanner #2 Out of Film (Still
Picture Comera)
3 Sconner 3 Sconner #3 Sconner #3 Train Speed Changes
4 Scanner *4 Scanner #4 Scanner ¥4 Train Stops
5 Sconner #5 Sconner #5 Sconner #5 Train Reverses
Direction
6 General Power | Train Derailment Sconners #2 83
Electrical Faoilure
7 Bio-Mation Bio-Mation
Power Failure
8 TV Camera #1 | TV Comera #1 TV Comera 1
9 TV Comera #2 TV Comera #2 TV Comero f2
* Tape Recorder Tape Recorder
(Sony, (Seny)
/ Tape Recorder | Tape Recorder
(Panasonic) (Panasonic)
- cial Effecks cial Effects
erator enerator
? Wheel Counters | Wheel Counters
¢ Still Picture Still Picture Still Picture
Camera Camera Comera
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APPENDIX E
COMPUTER PROGRAM TO ANALYZE THE OAC!I CHICAGO TEST DATA *

EA INTRODUCTION

A program was written to analyze the OACI Chicogo Test data. It was com-
piled ond executed with 6K core on the DEC system=-10, ond the langu~ge used was

FORTRAN V. A listing is given in Section 4,

The program was designec o read input data which was recorded on computer
cards according to the specifications given in Appendix C. It was designed also to

produce printouts of data accumulations according to the formats given in Section 5,

The writing unit was specified with the following two statements which may

not be adaptable to all computer systems:
CALL ASSDEV (3, 'DSK")

CALL OFiLE (3, *OouT)

The reading unit also may not be adaptable to all computer systems. It was
selected by the folluwing statement:

CALL ASSDEV (2, 'DSK")

Since thres decode stctements were used in this program, the progrom con be
executed without modification only on computer systems which accept the decode
statement.

* Written by Carolyn Zimmermann, computer progrommer, Kentron Hawaii Ld., ADP
Support Services Project, Contract DOT--TSC-297, 1975,
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E.2 CAR-BY-CAR PRINTOUTS

The main purpose of the OACI field test data onalysis program was to deter-
mine how well each of the five scanners at the test site read the labels on the train cars
used in the test, The degree of reading accuracy was limited to the following three

categories:

1. Reod — aparticular scanner read each diyit of the label number correctly.

2. Read Error — a particular sconner read some, but not all, of the digits of
the label number correctly.

3. Non=Read — o particular scanner was completely unable to read the
label .

To determine how well a porticular scanner read a car label, a digit by digit
comparison was made between the actual label number and the label number interpreted
by the scanner. The results of each comparison on a car-by-car basis were given in the
Label -Scanner Readability Limit Per Cor printout. No difference between the actual
label number and the label number interpreted by the scanner was recorded as a 0, If
no difference existed between all the digits of the actual label number and all the digits
of the label number interpreted by the scanner, the reading accuracy category was a
Read. Any difference greater than 0 was recorded as a 1 and indicated either a Non-
Read or Read Ervor,

A Non-Read was distinguished from a Reod Error by the fact that oll zeroes
were recorded for all digits of the label number interpreted by o given scanner. For each
Non-Read case, an 'X' was printed in the Non-Read column of the Label -Scanner
Readability Limit Per Car printout. For both Non-Read and Read Error cases, the corre-
sponding couse of illegibility of the label number was printed.

The parity check number was the last digit of the actual label number. If a
porticular sconner did not read this digit correctly , the error was defined to be a parity

-129 -



error, A cuestion mark ond the number interpreted for the actual digit were printed in
the Label-Scanner Readability Limit Per Car printout. If the parity check number was

read correctly, only the number was printed.

An effort was made to test the hypothesis that reading accuracy increases
when two scanners ~ one on each side of the railroad track - are used to read car labels,
In the OACI field test, Scanners#2 and 3 were used for that purpose. The best information
from Scanner #2 or Scanner #3 was recorded on the Label-Scanner Readability Limit Per
Cor printout. The best information was defined to be the follow ing in the order of

decreasing reading accuracy:

1. A Read by Scanner #2,
2. A Reod by Scanner #3.

3. A parity emor but other digits of a label number correctly read by
Scanner 72,

4. A parity error but other digits of o label number correctly reod by
Scanner 73,

5.  Read Error by Sconner #2.
6.  Read Error by Scanner #3,
7.  Reod Error and parity error by Scanner 3.
8.  Reod Error ond parity error by Scanner #2.
9.  Non-Reod by Scanner #2,

E.3 TRAIN-BY-TRAIN PRINTOUTS

The three different reading occuracy categories and pority errors were accu-
mulated on a train- Jy-train basis for eoch scanner, and for the condition of the most
occurate informat -  from either Scanner #2 or 3. The percentages of accurately read
car labels were colculated using the following formulas:
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Total car labels read correctly

Proportion of Labels Read
Total number of cars with labels
on the side facing a given
scanner

Total cor labels read correctly

Proportion of Cars Read
Total cars in a given train

The results of the above accumulations and calculations were given in the

Operational System Evaluation Per Train printouts.

Two oscilloscopes - one for Scanner #2 and one for Scanner #3 - were
included in the test equipment in order to obtain a car label number when their corre-
sponding scanner was completely unable to reod a car label. The increase in reading
accuracy due to the use of an oscilloscope and a scanner for reading car labels was
determined by comparing the increase in the proportion of labels read by either Scanner #2
or Scanner #3 ond the corresponding oscilloscope to the proportion of labels read by the

corresponding sconner alone. The following equation was used:

. Total cor labels read correctly by a scanner and
:ryozo:::::‘:rf ;‘:‘il:s read - its corresponding oscilloscope
corresponding oscilloscope  Total number of cars with |abels on the side

facing a given scanner

The Label-Scanner Reodability Limit Per Train printout contained the results
of the calculations for the above proportions ond the data necessary to make the

calculations.

Further accumulations on a train-by~train basis included the number of times
each scanner read o porticulor number for the actual label number. A printout for each

scanner gave the accumulations for each train.

The last printout for each train included the cccumulations by car type ond
by scanner of the total number of cors scanned, the number of Reads, and the combined
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total of :he number of Read Errors and Non-Reods. The accumulations by car type, aond

by scanner of the Non-Read and Read Error causes were also given, The car type

divisions were "flat" ond "other, "
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E.4 COMPUTER PROGRAM LISTING

The following is a listing of the computer program to analyze OACI Chicago

Test data.

SOV VVNTRNTBRNAVNVEBRVDRVVVBERAVAVBITBRRBNNBRBDIVARTBLR202B2000 0500
[ ] [
.......'.......I.'I......l...........I......._...........................
® FOLLOWING TEXT PRINTED FROM FILE DSABITRAIN,F4  (4156,527] 14-Octe7S @
SRV BBNIDABTHRVNETRIDEDUTVNINDRBRABRRORVBVEBAINBRBPRRCDB2000200320000000

C LIST OF VARIABLES

g CAR=<CAR TYPE .
C CAUSE(K,L)==NON-READ AND READ ERROR CAUSES FOR SCANNER K AND CAK TYPE
C_ICARD(16)==DUMMY VARIABLES USED TO READ ENTIRE DATA CARD IN A FORYAT
C ICARSC(K)=<THE NUMBER OF CARS OF CAP TYPE K SCANNED IN A GIVEN TRAIN
C JOATA(]) IDATAC2),,,.,10ATA(10)==THE CAR LAREL 8 READ BY SCANNER |
C IDATA(11)==THE PARITY CHECK NUMBER READ BY SCANNER 1
C IUATA(12),IDATA(13) 0eer IDATA(2]1)==THE CAR_LABEL § READ BY SCANNER 2
C IDATA(22)==THE PARITY CHECK NUMBER READ BY SCANNER 2
C JOATA(23.,I0ATA(24),,,.,IDATA(J2)==THE CAR LABEL 4 READ BY SCANNER )

C IDATA(33)==THE PARITY CHECK NUMBER . ~AD BY SCANNER 3

A A ATA =T ¢ CAR _LABEL 9§ READ B ANNER
C IDATA(44)-=THE PARITY CHECK NUMBER READ BY SCANNER 4
C EOATA(4S), IDATA(46) 0., IDATA(S4)==THE CAR LABEL ¢ READ BY SCANNER $
C IOATA(SS)==THE PARITY CHECK NUMBER READ BY SCANNER S
C IDATA(S6),IDATA(S7),,,./IDATA(65)==THE ACTUAL CAR LABEL 9
C IDATA(66)==THE ACTUAL PARITY CHECK NUMBER
C IC TAC67),IDATA(68),,,,,JUATA(T6)==THE CAR LABEL 8 READ BY
C OSCILLOGRAM
C JOATA(]7)==THE PARITY CHECK NUMBER READ_BY OSCILLOGRAM
C IDATA(78)==TRAIN
C_IDATA(79)=<CAR o _
€ IDATA(R0)==TRAIN »

C JOATA(Q1)==CAR ¥ _
C 1DATA(82)=-SCANNER SOURCE FOR OSCILLOGRAN

C _IDATA(83)=~THE NON-READ OR READ ERROR CAUSE FOR SCANNERS 1,3,4,0R S
C IOATA(84)=<~THE NON-READ OR READ ERRNR CAUSE FOR SCANNER 2
C IDATA(9S)=~CAR TYPE

C IDATA(96)=-CODE POR THE ELECTRICAL PROBLEvS

C IDATA(07)=<CODE FOR THE MECHANICAL PRORLEMS

c1 A(88)==C0D OR THE OPTICAL PROBLEMS

€ JOATA(§9)==CODE FOR OTHER PROBLEMS

€ 10IFF (1), I0IPF(2),..,IDIFF(10)=-THE DICIT 8Y DIGIT DIFFERENCE BETWEEN
THRE _ACTUAL CAR LABEL s AND THE CAR LABEL 9 READ BY SCANNER 1}

.—C __THE ACTUAL CAR LAREL s AND T r
€ T0XFP(11), I0TFF(123)4...sIDIFF(20)e=THE DIG1T BY OIGIT DIFFERENCE
[4

(4 .lld‘l' IHE ACTUAL CAR LABEL o AND THE CAR LABEL ¢ READ BY SCANNER

tr 10177(22) IDIFF(30)==THE DIGIT BY DIGIT DIFFERENCE
c i!tut%i'rnt Aéruau CAK LABEL § AND THE CAR LABEL § READ BY SCARNER

(4 l’ . .
C TOIFF(33),IDIFF(32) )00 sI0IFF(40)>=THE DIGIT BY DIGIT DIFFERENCE
¢ SETNEEN THE ACTUAL CAR LABEL o AND THE CAR LABEL Llltb 8 READ BY SCANNER

c ot
C JOTFP(41),IDIFF(42),,,,,I0IFF(S50)==NE DIGIT BY DIGIT DIFFEREVCE
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BRI RN RO RNt IRRRttIcsttuRNsoRt s aetNtate taesststntrts

. .

e L T L T LT T T T T T YT Y T T T T iy iniyeyyyeyyyeymyrgryeyeyey
_C BETWEEN TNE ACTUAL C‘R LAREL ¢ AND THE CAR LABEL @ READ _8Y SCANV!ﬂ

(o [}

C IDIFFSS[).IDIFF(S?)t’.,olD‘FFSGO)"'TNE DIGIT BY DIGIT DIFFERENCE

C BETWEEN THE ACTUAL CAP LABEL 8 AND THE CAR LABEDL s READ BY AN

[ OSCILLOGRAM e o

C IMDR(1)=~A SLASH (/) TO INDICATE A MEw TRAILWN

C IHOR(2)==TRAIN NUMKEFK

c THOR(J)=<JULIAN DATE
;uoagng--uoun WHEN THE FIRST CAR PASSES THE SCAYNERS
IMDR(S5)~=MINUTE OF THE HOUR #HEN THE FIRST CAR® PASSES THE SCANNERS

THOR(6)==TRAIN DIRECTION
INDR(7)+=USED AT ONE TINME BUT NOW REPRESENTS NO VARIABLE
INDR(@)==TRAIN SPEED
IHDR(9)==wEATHER CONDITIOXS

C IHDR(10)==NUMBER OF CARS IN TRAIN
IHDR(11)==NUMBER OF LABELFD CAPS IN TRAIN (SIOE 1)
INDR(12)==NUMBER OF LABELED CARS IN TRAIN (SIDE 2)
IHDR(13)==SEQUENCE NUMBER OF THE FIRST CAR IV THE TRAIN
THOR(14)==SEQUENCE NUMBER OF THE LAST CAR IN THE TRAIN
IROER(K,L)=«THE NUYRER OF READ ERRORS FOR A GIVEN TRATN, A GCIVEN

SCANNER K, AND A CAR TYPE L WHNERF L=z1 FOR FLAT CARS AND L22 FOR
HER TYPES .

IRDNORe=THE NUMBER OF CARS aITH LABELS «HICK JERE READ CORRECTLY FOR A

[y GCIVEN TRAIN BY AT LEAST ONE SCANNER ON SIOE 1

IROSTHeoTHE NUMBER OF CARS WITH LABELS wHICH «ERE READ CORRECTLY FOR A
CIVEN TRATN BY SCANTER 27
IREAD=«THE NUMBER OF SCANNERS Oid SIDE | WHICH CURRECTLY READ A
tL
TREADG6==THE NUMBER OF TIMES FOR A GIVEN TRAIN, THE BES? INFORMATION

C  READ BY 3CANNEP 2 OR SCANMER 3 INCLUOED A CUORRECTLY READ LABEL o ——

C 1SOATA«<~SUY OF DIGITS FUR A GIVEN LABEL NUMBER

C ISRD(K)==tHE NUYBER OF CAR LABELS FOR A GIVEN TRAIN W4HICH WERE READ

€  CORRECTLY BY A GIVEN SCANNER K
I e )

C  READ THE PARITY CHECK NUMBER WHERE K=1,S

C ITPER(6)==THE WUMBER UF TIMES FOR & GIVEN TRAIN THF BEST INFORMATION —

C___READ BY SCAMNER 2 OR 3 INCLU: ED AN INCORRECTLY READ PARITY CHECK

alnnnnN

QOO OINOINNAINN

g

NOON

T € WUMBER -
C ITRD(K,L)==TNE NUMBER OF TIMES FOR A GIVEY TRAIN AND CAR TYPE L WHERE
1 = R C] vPES,

C LABEL CORRECTLY
C ITRONS(K)==THE NUNBER OF TIMES FOR A GIVEN TRAIN, OSCILLOSCOPE K READ
C A CAR LABEL COII!CTL!
ITICAR.- OQF CARS SCANNED "IN A GIVEN THAIN~
C lftllC(l.Ll--ru: uunosn or NUN-READS AND acuo ERRURS DUE TO TNE LTM
X}
¢ nxlaocu.n.l)--rn: uunsta OF TIMES scannca K READ A NUMERICAL VALUE ™
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..QQIOIOQOQO.QQQQIO.Q.OI...Q.OIQ.l...QCOOOI000.0.Q..Q...QQOQ.O.DC!OQ.DOI
[ ] [ ]
..I.....QI...QQOOOO.I.O.I.lQ;;-OOQDOIOQOOO—;:QT;;_.TD.0..0....0.0......0'0
—C FOR THE ACTUAL NUMERMICAL VALUE L, L MAY EQUAL M _AND THEY EACH
[ MAY HAVF THE FOL1.OWING VALUES: 0,1,2,3,4,5,6,7,8,9,10,
— £ NERR(K,L)==THE NU¥BFR QF NON<READS AND READ ERRORS FOR A GIVEN TRAIN
4 A GIVEN SCANNER K, AND A CAR TYPE L WHERE L= FOR FLAT CARS AND L=?2
—C ___FOR NTHER CAR TYPES

C NNERR(K)==THE NUMEER OF NOUN<READS AUD READ ERRORS FOR A GIVEN TRAIN
—C _AND A GIVEN SCANNER K S e el
C MRCAUS(K,L,%)-=THL NUMBER OF TIMES FOR A GIVFH TRAIN AND CAR TYPE 9

WHERE M=1 FOR FLAT CARS AND Mz R OTHER CARS, SCANNER K COULD NOT
€  READ A CAR LABEL AT ALL OR COULD NOT READ TWE LABEL CURRECTLY DUE
—L __T0 THE LTH NON-READ OR READ ERROR CAUSE

C WRO(K)<=THE NUMBER OF TIMES FOR A GIVEN TRAIN, SCANNER K WAS
C _COMPLETELY UNABLE TO READ (NQN=READ) A CAR_LABEL & #HERE K=1,5
C NRD(6)==THE NUMBER OF TIMES FOR A GIVEN TRAIN, TNE BEST INFORMATION

0 ANNE 0 N A _NON-READ
C NROER(K)=-THE NUMBER OF READ ERRORS FOR A GIVEN TRAIN AND A GIVEN
€ SCANNER K

C NREAD(K,L)==THE NUMBER OF TIMES FOF A GIVEN TRAIN AND CAR TYPE UL #MERE
— € L=l FOR FLAT CARS AND Ls2 FOR OTHER CAR TYPES, SCANNER K COULD NOT

€  READ A CAN LAFEL AT ALL (NON<READ)

C PLBRD(K)==THE PROPORTION OFf LABELS SCANNER K READ
C PLBRD(6)==PROPORTION OF LABELS READ UNDER TN CUNDITION OF BEST
(4 INFORMATION FROM SCANNER 2 OR SCAWNER 3 =~ i
C PNSSC2-~-PROPORTION OF LABELS READ BY SCANNER 2 AND OSCILLOGRAM ot
€ _POSSC3-~PROPURTION OF LABELS READ BY SCANNER 3 AND OSCILLOGRAM 82

€ PRD(K)<=THE PROPNRTION OF CARS SCANNER K READ

C PRO(6)==THE PROPORTION OF CARS READ UNDER THE CUNDITION OF BEST

¢ INFORMATION FHOM SCANNER 2 OR SCANNER 3

C RCAR=<COARSER BREAKDOWN OF CAR TYPE i i

C TRDOIR==TRAIN OIRECTION

C WTHReoWEATHER CUNDITIONS o
OOUBLE PRECISION WTHR(I,9),CAR(9)
DIMENSION IHDR(}14),PLBRD(6),PRD(0),IDATACS9),ICARSC(2),IDIFF(60),
1MISRD(S,11,11),ITPER(S), SD1F(10),NRDER(6),NRD(6),NRCAUS(S,17,2),

ITRD(S,2),CAUSE(S,17), ITRDOS(2),TRDIR(2),KCAR(I), ISRD(S),

INREAD(S,2), ITTNRC(S,15), ICARD(16) ,NERR(S,2), IRDER(S, 2),NNERR(S)

DATA wTHR/°CLEAR, BR1°,°GHT AND SU’, "NNY *¢°CLOYDY AND®,° BR

1IGHT  *,° *,"OVERCAST °*,° L *,°LtIcH

2T DRIZ°,°2LE ’, s *RALN 4 %y’

] 7, *HEAVY RAIN®,¢ *° *,°FOG 5

4 ®e® ‘o °MAIL OR SL’,°CET  °,° o ?THICK 8

T 8MOK’,°C OR AIR P%,°OLLUTION  °7,CAR/® [ 11} § °,* C MOPPER ?,% 0

T

GHOPPER °,° FLATCAR °,°C CARRIER °,° MO INFO °,° GONDOLA °,°
ANK ’ THER ‘7f?l°lll vEST °,°EasT 7/,CavsE/’ nNO#,* €ODE
8,° e_o *,° ’, *,°DIRT *,° *,* e_o .
9 63.0‘.‘3!0'0 o'a 0.0 o'o“lsh’o'o’bu‘a"._r*iou '7'1'_
. .

1’ ., *g°OTHER?,*  °,* o, *,° UNDE®, *TERY
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QoooloQcoooclclioii;;.b.-o.0663;;p00i{?50;b}003030050635;37;3?3;5;?3.;;7
ﬁ___‘Jl.l.ng O" .‘l .'.PHOSP‘.‘."ATE "O‘Ccu“".ul’.'rl.‘
3°ON *e
4 *MODUL®, *ES FAS "OING “,° °,* *,°% MODU’,°LE DA’ ,"MAGE *,
s Y ' NE~/0°,°LD ®0°, DULES?,? v, T T, TRUSTE®,
6°0 BAC®, "KGROL*, *ND_ e *,’ LDw °,°AND B’, °ENT *, e
7° O.l LOW '.'AND D’,°IRTY u': ) -'n 'g'BLlCK"' U.NOD':
R _8°12¢0D *,°FALILY®, “RE *,° NN?,* LARE®, L °,° *,* °,
“QrSCANN®, *ER EL®, *ECTRI®,*CAL P*,°ROB °,°SC 267,° J3=<E‘,"LEC F%,
1*AILUR®, °E °/

DATA RCAP/°FULAT 7, 0THER®, TUTAL’/
_CALL ASSDEV(),°DSK’)
CALL OFILE(3,’0UT”)
_._____1RONOR=Q

IREAD®OSU
D0 10 JLL=1,6

ITPER(JLL)=Y
NROER (JLL )=V
10 NRD(JLL)=C
D0 20 JLL=1,S
ISRO(JLL)I=O
NNERR(JLL)=0

00 20 KLL=1,2
___ ERCER(JILL,KLL)=O
1TRO(IJLL. XLL) =0
___NPEAD(JLL,KLL)=v
30 CONTINUE
DO 30 NLL31,2?

YCRRSTUNLLY=H
ITROOS (MLL )20
o0 30 LLu=l,S T
NP0 30 MLL=1,1?
30 NRCAUS(LLL,™LL.NLL)=0O
DO 40 NO=i,S

B DO 40 WSs],l1
40 WISRO(NO,NB,NS )20
1TTCAR=O
DO 40 NsCsl,S
00 S0 IC=1,1%

w s 1C)%0
_ CALL ASSDEV(2,°DSK®)
T READ FIRST CARD WHICH IS A HEACER CARD
READ(2,60) (IMWDR(I),Is31,14)
(1] 'Ul“‘l(ll;:l’azliozila!?oilo’l’o,‘c2lﬁ)
€ READ NEXT CAPD AND CHECK FOR HEADER CARD

+80,ENDs By, I=1,18)
00 FORMAT(16AS)

- — e m— e e . - - -
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90 FORMAT(AL)
IF(ICOL NEL®7°) GO _TO 430
C MAKE CALCULATIOUNS FOR OKE ENTIRE TFAI' AND PRINT 'ACCUMULATIONS FOR THE
[o TRAIN o
00 100 1UK=Q,S
__ISRD(IJK) =)

100 ISRD(IJK)SITROCIJK,1)+ITRD(1JK,2)
PLBRD(1)=FLOAT(ISRD(1))/IHDR(11)
PLBRD(2)aFLOAT(ISRD(2))/7IHDR(12)

DU 110 [JK=3,S
119 PLORD(!JK)'FLOAT(ISHD(IJK))IXHDu(ll)
120 00 330 IJK=3,S
130 PRO(TIJK)=FLOAT(ISRD(TJK))/IHOR(10)
NRITE(),140)
140 FORMAT(LIH]I »S1X, "OPERATIOMAL SYSTEY EVALUATIUN®/S2X,29(1H=)/62X,°PE
IR _TRAIN®/62X,9(1H=)) _
JATHREIHOR(9) ¢!
JIOIRSIHDR(6)e]
D0 150 KSC=1,S
130 NRDER(XSC)SIROER(KSC,1)¢IRNER(KSC,2)
WRITE(3,Lt60)INDR(2)»y(WTHR{IL1,InTHR),1131,3),IHOR(3),IHDR(10),IHDR(
IO).tubligl___””"___‘_wk___ .
160 FORMAT(/33X,*TRAIN st  *,13,19X, “~EATHERS °,3A10//733X,°DATE: °,1
13,22X,TOTAL_CARS:  *,I3//33X,°TIvE: °*,12,°3°,12)
PRO(6)SFLOAT(IREADG) /IHDR(10)
IF(IHOR(11),GT,INDR(12)) GO TO 170
PLBRD(6)SFLUAT(IREADG)/IHDR(12)
GO 10 180 e
170 PLBRD(6)SFLUAT(IREADG)/IHDR(11)
180 WRITE(3,199)IHDR(31),INDR(0),INDR(12),TROIR(IDIR), IRDNOR,LSRD(2)
WRITE(I,200)(IK,ISROCIK),NRO(LIK),NRDER(IK),ITPER(IK), P
1LBRO(IK RO(IK),IK=},S5)
WRITE(3,210)IREADS,VRD(6),NRDER(6), ITPER(E),PLBRO(G), PRD(6)
190 FORMAT(1H#,64X, *TOTAL LABELED CARS (MORTM)y °,13//33X,°SPEED:  °,
|l:.'l9ﬂ'.|9!.'?01lb LABELED CARS (SOUTH)S °*,13/7/33X,°TRAIN DIRECT
210N ,ls.!xl_TOle LABELS READ CORRECTLY®/65X,°0Y SCANNER 81,3,4

3,3 (MORTH)S ol)IIbSlo'TOflb LABELS READ CORRECTLY’/65X,°SY SCANN

S PROPORTION OF 1§ PRUOPORTION OF°/20X,° ' T A
§__NONSREAD 3_ERROR 1§ ERROR 1 LASELS READ 1 CARS ntno'/z
10X,94(1Ne))

0 FORMAT | 1LYR | P4 21%3,6%,° *oI9¢9Ke°8 "0l19,° .8 %919,4%, _
1°1°,6X, 4.1.7:. .cx.fc.znox.unn-m

Xo®s ®,1%8,° 3 °51%,° i

)
'OSSCIOPLOAT(lllb(?)ol?lbOl(ll’llNDl(l?)
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POSSCISFLOAT(ISRD(3) ¢ ITRDOS(2) )/ THDR(11)
4RITE(3,220)
ARITF(3,230)THDR(2), TSRO(2),ISRD(3), IHOR(3),ITRDOS(1), ITRDOS(2), I
10R(4), THOR(S),PLBRD(2),PLBRO(3), THOR(11 )¢ INOR(12),POSSC2, POSSC)
220 FORMAT(1H1,50X, *LABEL«SCANNER READARILITY LIMIT®/S1K,31(1H=)/62X,°
IPER TRAIN®/62X,9(iN=))
230 FORMAT(10X, *TRAIN 82 °,13,24X,°TOTAL READ BY SCANNER 823 *,13,10
1X, °TOTAL READ BY SCANNER 933 *,13//10X,°DATE: °*,13,27K,°TOTAL RE
2AD BY OSCILLOGRAM #13 °,13,6X,°TOTAL READ BY OSCILLOGRAM 823 °,I
33//10X,°TINEY  *,12,°1°,12,25X, *PROPORTION OF LABELS READ?, 15X, *PR
A0PORTION OF LARELS READ’/49X,°RY SCANNER 82: _°,F4,2,21X,°8Y SCANN
SER 831 *,F4,2/10X, *TOTAL LABELED CARS (NORTH)Z *,13/47X, *PROPNRT
6108 OF LABELS READ BY®, 12X, °PROPORTION OF LABELS READ BY®/10X,°TOT
TAL LABELED CARS (SOUTH): °,I3,7X,°SCANNER ¢2 ¢ OSCILLOGRAM 811 °,
8F4,2,7X%, *SCANNER 8) ¢ OSCILLUGRAM 823 °,F4q.2)
240 0O 290 KSC=i,$
IF(KSC,EQ,2,0R,KSC,EQ,4) GO TO 250
WRITE(, 1530)
250 WRITE(),260)KSC o e
260 FORYAT(//,47X, THE NUMBER OF TIMES SCANNER *,ii,* READ A°74TX,
136(1M=)/43X, *PARTICULAR NUMBER FOR THE ACTUAL LAREL NUMRER®/43X,
245(1h=1/762K, "PER TRAIN®762X,9(1H=))

WRITE(),270)IHOR(2) T

270 F un'fofiT’TiiTi‘ii"'?Iirz:ex.‘udrdlu NUMBERS §°, 43X, “NUMBERS RE
1AD* /21X, "ON LABEL ¢ 0 ¢t 3 o+ 2 3% 3 1 _4& 1 s
] 3 [ t 7 ] ] 3 9 1710 /710%,106(1He))
DO 290 KROWs1,1}

3 W)
WRITE(),280) INDEX, (MISRD(KSC,KROw,KCUL) ,KCOL=1,01) —
2 (L] T2 MR 11 (%%, 6,1X))

290 CONTINUE e
L 2 )
ITTCARSITTCARSICARSC(1J)
s(,%
DU 300 ICs2,18
300 TTTNRC(NST, IC Y21 TINRC(NSC, IC) ¢NRCAUS(NSC IC, IJ) ~
310 CONTINUE -
si,9

330 K8Cs
00 320 1Jst,2
) [ s IJ) ¢ YRUERCKST, IJ)
320 WNERA(KSC)SNNERR(KSC)oNERR(KSC,1J)

(L} ’ i ’ ‘ ”

330 PORMAT(INI,S5X, “OPERATIONAL SYSTEM EVALUATION? /32X, 29(1H=)/63X, °PC
- J6IX,FTIHTY Y

WRITE(D, J40)CRCAR(CLJI), ICARSC(TJ), ITRO(L,

o IC, 03084,
2ITTNPC(1,1C),1C82,19)

1J)s NERR(1,10),
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340 FORMAT(70X,°9 OF ERRORS DUE TO NON=RE," AND READ ERROR CAUSES®/
170X,49(1H«) /38X, 30 OF LABELS::1°/7X,°CAR TYPE: 1 TOTAL 38 NF LABEL

283 §NON=READ AND:°* 239X, “2N/08°,18X, "3 ANODSIND /6X, *SCANNE
JR 81 : CARS 3READ 4READ ERROR DIRTIDANIMISIOTHER;UMDIPHN

4S:M FADGYM DAM;MODIRUSE:LOBENTILEDIRTIFAILIUABEL /6X,139(1M=)
$S/73(6X,AS,6X,°2°,1%,° $°017,9X,°8%,17,5%X,°2°,13,
6° $°913,°83°,13,%8°,04,° 3°,13,2¢°2°,14),° 3°,14,° 8°,13,2(°3°,19%),
T2C° 3°,14)0°3°,14076%Xs119(1H=)/),6X,119(1H=))
DO_360 N§C=2,S
RITE(D,3S0)INSC, (RCAR(1J), ICARSC(1J), ITRO(NSC,1J), NERR(NSC,1J), (
ANRCAUS(NSC,IC, 1J),IC%2,15),1J31,2),RCAR(I), ITTCAR, ISRO(NSC),
INNERR(NSC) o (ITTNRC(NSC,IC),1C=2,15)
330 FORMAT{7IX,°CAR TYPE: 3°,/6X, SCANNER 0°,I1,° p°/6X,119(1H=)/3(6X,A
19,6X,°8°,0I5,° 3°,17,5K,°3°,17,8%,°1°,13,° 1°,13,°t°,
210,°8°0J8,° 1°,03,2(¢°2°,04),° 3°,14,° 3°,13,20°8°,14),2¢° 3°,14),
3°1°,144/76X0119(2H=)/),6X,119(1H=))
360 CONTINUE e : o
C INITIALIZE VARIARLES TO BE ACCUMULATED FOR THE NEXT TRAIN
IPDNOR®O) =~ = o o .
IREADG=O
DO 370 JLLS®i,é
ITPER(JLL)=0O
NRDER(JLL)=0 e o e
370 NRD(JLL)sO
DO 380 JLL=1,S
ISRO(JLL)=D
NNERR (JLL )20
DO )00 KLL®1,2
ITRO(JLL,KLL)=0O
NREAD(JLL,KLL)=0
IRDER(JLL,KLL) Y [ e
380 CONTINUE
DO 390 sLL=1,2
ICARSC(NLL)®0O
ITRDOS(NLL)SO_
D0 390 LLL=1,S
—_ DO 390 MLLSE1,17 o
390 NRCAUS(LLL,MLL,NLL)=0O
0 [] ~°."s
DO 400 WPsi,t1
00 400 WSel,i§ o o
400 MISRD(NO,NP,N8) 8D

—  lircanmo e e
00 430 WBEST,;5

00 4‘0 !Clli!5
41 NRCINSC, IC)mo

420 CONTINUE - . o ] o
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ICOUNTRO)
WRITE(I,1530)
C VALUFS ON HEADER CARD ARFE STURED STARTING IN LOCATION IMDR(1)
DECODE(‘OoGOulCAFD(l))(lNDP(l)alllol4)
GO T0 70
430 CONTINUE
— € VALUFS ON CAR DATA CARD APE SINPED STARTING IN LOCATIUN IDATA(1)
DECODC(69.“0.!CARO(I))(IDATA(I)nlsl.SS)oIDATA(7.)'IDATA(79)
440 FORMAT(S(1011,12),14,1%)
C READ THE SECOND CAR DATA CARD
READ (2,450 (DATA(B0),10ATA(ET), (IDATA(I) o I%56,77), (IOATA(I),1302,8
19
430 FORMAT(R4,15,2(1001,72),01,202,.X,911) S —_—
C DETERMINE IF THE TWO CAR DATA CARDS FOR ONE CAR ARE I[N THE APPROUPRIATE
< ORDER
lf(lDiTA(??).FQ.lDlTl(lO).lND.lDATA(79).€O.lDATA(.l).l”o.!okil(?ﬂ)
1,EQ,IHNR(2)) GO T0 470
WRITE(3,460)
460 FORMAT(IH1, CARDS NOT I ORDER®)
G0 10 1690
C DETERMINE CAR TYPE CATEGOMY
470 IFCIDATA(B%),EG.4) GO To 400

ICARS2 o
GO 10 490
400 (CARs}
T C ACTUMULATE THE WUMBER OF CARS SCANNED —- —
490 ICARSCC(ICAR)SICARSC(ICAR)¢]
TTYPESTOATA(ES)

S00 WRITE(3,$10)(IDATA(L),I250,06),IHOR(2),IDATA(79),CARCITYPE)
ST0 FORNAT(/751%, *LABEL=SCA:NELR READABILITY LINITC7S{X, STTIW=)/S8K,° —

1 PER CaAR “/762X, 7(1H-)/52K,°ACTUAL LABEL 88 °,1011,°«*,12/52)
T Z.PTRAIN Ty T 13/824,°CAR 81 0,18 T T T

) S2X,°CAR TYPE: “,A10//39X,°: READ t  ACTUAL

¢ LABEL ¢ ¢ 17, e 377 o " 3 T e

SAD LAREL ¢ : CHECK 1 NONSREAD ¢ CAUSES®/23X,94(1Ne))
C OTTERNINE THE OIPFERENCLS BETWEEN wHAT THE SCANNERS Tt
€ _READ AND THE ACTUAL LABEL ¢

00870 Tai,80 T T T T T e e
IDIFF(1)s0

- «1)710)® *1).ta, (1= 7YY GO t0 340

I0IFPF(L)ey =~ =000 ) e

T 8§20 CONTINUE T - T |

C DUTERMINE hCW MANY OSCILLOSCOPES «ERE USED TO READ CAR LAGELS
FUIDAYAISYY BV, 0) Co't0 990~~~ — -~ - T == -—
DO 010 K=y,3

[ b X X ] [ Al Rad X ] o
IF(X,€0,),AND,E0ATA(82),NE,3) GO TO 930
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IF(K,EQ, 2 ,AND IDATA(82),NE,2) GO TO S50
C 80TH oscul.oscopr:s WERE USED AND THE DESCRIPTION UF WHAT THEY READ
C WILL BE PRINTED AT THE BOTTUM N7 THE ‘LABEL READABILITY LIMIT PER
[ NON<READ CAR’ PRINTOUT
——_.3)0 WRITE(),540) K S
S40 FORMAT(I6X,.I11,°* 8’o||xo olexo 0‘0‘.':';12X0 )
GO TO 810 ) ) ) L
$50 WRITE(),S60)K, (IDATA(ITIe((Kel)o11)), 121,10}
§60 FORMAT(I6X,I1,° 3°,i1ull,’ 3 ‘)
WRITE(),ST0)CIDIFF(JJe((Ke1)®10)),JI=1,109)

— 570 FORMAT(]1He,39%X,1011)
C DETERMINE IF A PARITY CHECK ERROR EXISTS, ACCUMULATE THE NUMBER OF

C _ PARITY CHECK ERRORS, AND WRITE THE PARITY CHECK 8 B
$60 IF(IDATA(K®11),.EQ,I0ATA(66)) GO TU 600
ITPERCK) s [TPER(K) 1
WRITE(3,590) IOATA(Ne11)
$90 ronnartnuo.esgi_ T2, 12,4%,%8°,8K) - }
IF(K,NE, 2, AND K, NE,)) GO TO 640

GO 10 620 . e —
600 WRITE(3,610) IDATA(Ke11)
$10 FORMAT(1H+,65X,* H *e12,4%0°3°,5X)

C DETERMINE IF LABEL WAS INCORRECTLY READ (READ ERROR)
620 ISDIF(K)sQ * , e
DO 630 I=1,10
830 ISDIF(K)SISDIF(K)+IDIFF(le((Ke1)e10)) e
IF(ISOLF (K1 ,EQ,0,AND, IDATA(K®11),EQ, IDATA(66)) GO TO 750
C DETERMINE THE CAUSE _OF THE NUN=READ OR READ ERRUR AND THEN DETERMIVE
c ABEL WAS NOT READ AT ALL (NUN=REAC), AND ACCUMULATE THE
C _ WUMBER OF NON=READS, READ ERRORS, AND THE ASSOCIATED CAUSES
640 IF(IDATA(06),EQ,3,AND K ,EQ,3) GO TO 650
IF(IDATA(89),E0,6,8%D K ,EQ,3,9R IDATA(R9) ,E0,6,AND,K,EQ,2) GO TO ¢
160
GO 10 670
650 ICAUSEs16
GO TO 690 B _ S
660 ICAUSEsy?
——__.. G0 70 690
670 IF(X,E0,2) GO TO 6R¢
JCAUSESJDATA(0)) ¢}
GO TO 690
__680 JCAUSESIDATA(04) 1
690 ISDATASO

..%%_%2!-!“-lz19”.A. : : . .- .
700 LS0ATASISOATA+IDATA(ING( Kel)011))
DATA,C G0_10_130

ROER(K, ICAR)SIROER(K,ICAR) ¢!
NARCAUS (X, JCAUST, ICAR)aNRCAUS(K, ICAUSE, [CAR Yol
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WRITE(]3, 7101155us€(tuo.xcnust).xuozl.S)
719 FORMAT(1He:93X,*3°,3A%)
GO 10 760
720 NRD(K)SNRD(K)o1
€ ACCUMULATE THE MUMBER OF TIMES A LAREL #AS NOT READ AT ALL DUE TO A
C PARTICULAR NONREAD CAUSE
o NRCAUS(K,ICAUSE, ICAR)asNRCAUS (K, ICAUSE, ICAR) 1
NREAU (K, ICAP)SNREAD (KX, ICAR) ¢!
IF(JOATA(K®11),EQ, IDATA(66)) GO T0 730
URXTE(.‘.I!‘O)(CAUSC(IVD ICAUSE),IND=1,S) ,
GO 10 010
730 LTPER(K)=ITPER(K)+1
WRITE(), 140)((59§§(1!QL!§AHSE)_l“OtloS)
740 FORPATIIHG 73X, °2°,12X,°X°,6X,°2°,5A%)
GH TO 0310
C ACCUMULATE THE NUMBER OF LABELS WHICH WERE READ CORRECTLY
780 ITRO(K,ICAR)ZITRO(K, JCAR)+1
1F(K,EQ,2) GO TO 760
C ACCUHMULATE 1"5_!9}!5! OF SCANKERS O~ SIDE 1 WHICH READ A GIVEN LABEL
4 CORRECTLY
IREADSIRFAD]
760 WRITE(J3,7170)
770 FORMAT(1.7¢006X07X0°3°)
ACCUNULATE THE NUVBER CF TIWES A PARTICULAR RUNBER =AS READ FOR THE
c ACTUAL LAREL DIGIT
780 00 800 JJ=i,11 T T T e e e
790 TROWSIDATA(SSeJJ) el
ICOL=TOATATII e ((K=1)011) )1
MISRO(X,TROW, ITOL)S4)SRO(K,IROw, ICOL} et
900 CONTINDE Tt o T
910 CONTINUE
- C SETEnFTWE‘THs NUMBER OF OSCILLOSCUPES USED T
IF(1DATA(82),.E0,2) GO TO 820
IKs}
GU T0 830 .
— 920 TKs2 - - T T T
C WRITE THE NUMBER OF THE OSCILLOSCOPE AND THE LABEL NUMBERS A GIVEN
7€ T OSCTLLOSCOPE READ CooTTmT T
930 Ullfﬁ(!olQO) EX, CIDATA(JIY) s JJ267,76)

[] [ [H o13¢7 $7.1011,7 3 ) )
__C DETERMINE P Llltb OIGITS WERE INCORRECTLY READ (READ ERROR) =
— DO 050 issi,e0 -
I0IFF(1)80 . .
(IDATACE®16) 20, IDATA(Te8)) GO TO 090
10IrF(l)ml

WREITEC),370) (I0LFF(JJ),JJ831,60)
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C DETERMINE IF A PARITY CHLCK ERROR EXISTS AND THEN WRITE THE PARITY .
C CHECK NUMBER A SIVEN USCILLOSCOPE READ

IF(IDATACY ) +EQ, IDATA(66)) GO TO 860
WRITE(3.59C, [DATA(?7)
—— GO 10 890 __ , Smmm e

060 WRITE(3,610) IDATA(?Y)
C DETERMINE IF LAREL WAS [%CORRECTLY READ (READ ERROP)
870 ISOIF(IK)zO
DO 980 [Lz51,60
800 ISOIF(IK)aISOLF(IK)+IDIFF(LL)
—AECISOLF(IK),FO,0) G TO 960
C DETERMINE THE CAUSE OF THE NON-READ OR READ ERROR
. C _ALL QF THE NONeREAD A'D READ EBROB_QAQ&EQHAQ_QQQEQHEQE_JPAI&(!AL_AEQ_
C  IDATA(84) HAVE BEE™ INCLUDED IN THE LIST OF POTENTIAL NON-READ OR
READ ERROR CAUSHS, BUT CONLY THE [NSTRUMENTATIONRELAT ROBLEM
C  THAT 4ERE ACTUALLY ENCOUNTERED IN THE ACI FIELD TEST HAVE BEEN
C _ INCLUDED IN THE LIST OF POTENTIAL NONeREAD OR READ ERROR CAUSES
990 IF(IDATA(86),EQ,3,A:D,1K,E0,3) GO TO 900
___IEL!QPT*(§9)-EQ.G.A"D.tK-EO,3.“".lQ!T‘(821.€9¢§95H21!!oﬁﬂ.?l_ﬁg_lg_
1910
GO_T0 920
900 [CAUSE=16
GO 10 940 : Lo e
910 ICAUSE=1T
GO TO %40 ,
920 IF(IK,EQ,2) GO TO 930
ICAUSESJDATA(83) 1
GO TO 940
930 ICAUSESTDATA(84)+14 e
C DETERMINE IF A GIVEN OSCILLOSCOPE DID NOT READ THE LABEL AT ALL
——C ___(NON-READ) = e e
940 1SOATAx0
DO 930 LL=67,76
950 ISOATASISOATA+IOATA(LL)
___IF(ISDATA,NE,0) GO TO 970
C WRITE THE CAUSE OF THE NON=READ
WRITE(3,740) (CAUSE(IND, ICAUSE), IND21,$)

GO 10 990

ACCUMULATE THE NUMBER OF TIYES A GIVEN OSCILLOSCOPE CORRECTLY READ A
) 'cs"J‘d_'tn LABEL
€0 ITRDOS(CIK)SITHOOS(EIXK)el

WRITEC),770)
GO _TO 990 S AmEiiem sl - o
"“'ifi‘iii?tca,1‘o)¢causc(xuo.xéaust).xno.;, )

0 CONTINUE .
DETERN AHETHER AAER 2 T2 SCANNER J READ TAE WOST INFORFATION

€ __CORRECTLY FROM » GIVEW CAR LABEL
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IF(IDATA(82),EQ.3) GO TO 1580
TF(IDATA(82) ,EQ,2) GN TO 1560

990 DO 1170 Ks=1,%
C NO OSCILLOSCOPES wERE USED [0 READ LABELS
—C WRITE THE NUMBEKS A GIVEN SCAYNER PEAD FOP THE AUTUAL LABEL NUMBERS
WRITE(),560)%, (IDATA(ILs((K=1)811)),I121,10)
_WRITE(I,ST0)(IDIFF(JJe((Ke1)810)),JJ=1,10)
T C DETERMINE IF A PARITY CHECK EPFOR EXISTS, ACCUMULATE THE NUMBER
C  OF PARITY CHECK ERRORS, AMD WRITE THE PARITY CHECK &
IF(IDATA(K®11),EQ,[UATA(66)) GO 10 1000 ©
xtp:r(xlgxrpggtg)ol -
WRITE(3,990) IDATA(Kell)
IF(K NE,2,AND,K,NE,3) GO TO 1060
GU T0 1010
0 WRITE(3,610) IDATA(Keil)
C DETERMINE IF LABEL WAS INCORRECTLY PEAD (READ ERROR)
1010 ISDIF(K)SY ) o
PO 1020 Ist,t0
1020 lSDlF(K)alSDl?(K)olD!FF(!o((K-l)CIO))
TF(ISDIF(X),EQ,0,AND,IDATA(K®)1),EQ,IDATA(66)) GO TO 1130
C_DETERMINE THE CAUSE OF TWE NOneREAD OR READ ERROR
r ON=READ AND AEAD ERRNA CAUSES AS CODED FYOR IDATA(EJ) ARD

C SOATA(04) HAVE BEEN INCLUDED IN THE LIST OF POTENTIAL NONeREAD OR

€ READ ERROR CAUSES, BUT ONLY INSTRUMENTATIONeRELATED PROGLENS THAT

C _ WERE ACTUALLY ENCPUNTERED I THE ACI FIELD TEST HAVE BEEN INCLUDED

[ IN THE LIST OF POTENTLIAL NON-READ OR READ ERROR CAUSES —~—~—— -
IFCIDATA(86) Q3 ,AKD K . EGQ,.3) G TO 1030

L 4 L] [ L] L . !. L] . m[‘l',Q:u.‘l]K U.lt.Eu.z, ct lu

11040
¢0 0 1o%0
1030 ICAUSE®16
0 10 1000
1040 ICAUSE=1T
To¥0
1090 IF(K.EQ.2) GO TO 1070
1060 TCAUSESIDATA(S)) o1
GO T0 10680
1070 ICAUSESTOATA(B4)ey ~  ~
€ DETERMINE [F A GIVEN SCANNEP DID NOT READ THE LABEL AT ALL
10 A%0
DO 1090 IKs1,10
1090 TSOATAGISDATACIDATA(INS((Ke3)ol]))
SF(1SDATA,EQ0,0) GO TO 1100 _
< Attﬂiﬁbift‘iit NUMBER OF READ _RRORS AND THE NUMBER IF TIMNES

< A LABEL WAS READ INCOIIECtLI DUE TO A PARTICULAR NON<READ CAUSE
(3 AR) el

lﬂClUS(I s JCAUSE, ICAK )lNlICAUS(Ko ICAUSE, ICAR) o1
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WRITE(3,710) (CAUSECIND, ICAUSE), IND=1,S) _
60 TO 11%0

C ACCUMULATE THE NUMBER OF NON-READS AND THE NUMAFR 0OF TIMES A LABEL

C WAS KNROT READ AT ALL DUE T A PARTICULAR NON.REIU‘CAUSE

1100 NRD(K)SNROCK)L .

NRCAUS (K, ICAUSE, lClH)SWRCAUS(K XCIUSE ICAR) +1
NREAD (K, ICAR)SNREAD (K, [CAR) )

IF (IDATA(K®11) ,EQ,IDATA(66)) GO TU 1120
HR:TF‘).I!‘O)‘SAUi (jﬂD;lCAU§§1, HD=1,%)
1110 FORMAT(1H4,86X,°X*,6X,°:°,54%)
GO TO 1170 R
1120 ITPER(K)SITPER(K) 1
WRITE(3,740) (CAUSECIND, ICAUSE), IND=},S) .
GO T0 1170
M1 NyUMB E JEN_SCANNE A "AR
C  LABEL
— 1130 JTPO(K,ICAR)SITRO(K,JCARYe} — _
IF(K,EQ.2) GO TO 1140
C ACCUMULATE THE NUMBER OF SCANNERS On SIOF 1 #HICH READ A GIVEW
C  LABEL COPRECTLY
IREAD=IREAD+1
1140 WRITE(3,770),
1150 DO 1160 JJ=i, 11
C ACCUMULATE THE NUMBER OF TIvES A PARTICULAR NUMBER #AS READ FOR THE
€ ACTUAL LAREL DIGIT
TROWSIDATA(SSeJU) o1
ICOLaIDATA(JJ+ ((K=1)011)) 1
MISRO (K, TROw, ICOLYSMISRD LK, TROW, ICOL) +1
3160 CONTINUE B S
1170 CONTINUE
C DETERMINE WHETHER SCANNER 2 OR SCANNER ) READ THE MOST INFORMATION
C CORRECTLY FRO¥ A GIVEM CAR LABEL
1100 IF(ISOIF(2),E0,0,AVD, IDATA(22) ,EQ,IDATA(66)) GO TO 1380 _
IF(ISDIF(3),E0,0,AND,IDATA(33) ,EQ,IDATA(66)) GO TO 1400
IF(I801F(2),£0,0) GU TO 1410
IF(1SDIF(3),E0,0) GO TO 1470
1SyYvz0 , e
T 00 1190 18Ma23,32

1190 ISUMSISUNMIIDATA(ISM)
€ IF SCANNER 2 DID WOT READ THE LABEL AT Aul, DETERMINE IF SCANNER )

> __READ ANY INFORMATION FRO» THE LABEL AND IF T DIO WRITE THAT
€ INFORMATION
IF (10ATA(22) ,NE,TOATA(66) ,AND,ISUN,NE,0) GO TU 1270
{SDATASO
0 1200 Msi2,21
1200 ISDATASISOATA+IDATA(ISY)
__IF(IOATA(NY),EQ,6) GO TO 1210 . el
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- GO T0 1220 ] .
1210 ICAUSE=1?

GO TO 1230

1220 ICAUSFZIDATA(84) 1
1230 LF(ISVATA.EQ,0) GO TO 1260
IF(IDATA(22) ,NE_ IDATA(66)) GU TO 1670
1240 NHDER(6)=%RDER(0) 1 .
C WRITE THE LABtL READ BY SCANNER 2, THE DIGITS INDICATING WHETHER THE
C LABEL DIGITS wEPE READ CORRECTLY OR NOT, AND THE PARITY CHECK NUMBER
C READ BY SCANMER 2
WRITE(3,1250)(IDATA(LMN),LMN=12,21),(IDIFF(JKL),JKL211,20),IDATA(2
$12),(CAUSE(IND,ICAUSE), IND=1,9)
1290 'OR\‘AT(JQX{'?_Q!N} ?plOIlo . I 'olo_!_!.:__ N fr_l_?_o“o"'olzx'.
l:'.SAS)
GO 10 1529
1260 (F(ISUM . EA,0) GO TO 1630
C WRITE THE LABEL READ BY SCANNER 3 AND THE OIGITS INDICATING WHETHER
€ THE LABEL DIGITS WERE READ CORRECTLY OR nNOT
1270 WRITE(3,1290) (IDATA(LMN),LMN223,32), (I0IFF(JKL),JFL=21,30)

1200 FORMAT(34X,72e¢Y %, 1011,7 1 =t .ldffi"“
IFCIDATA(GG6),EQ, J)GO TO 1290
1143 A(99),E0, 1300
GO 10 1330
1290 ICAUSEs1o o
GO TO 1320
1300 {CAUSE=1T -
G0 TO 1320
1 s T+l
xazo NRDER (6 )2MRDER(D) +1
T C OLTERNINE IF PAFITY CHECK ERROR EXISTS ARD WRITE THE PARITY CHECK

¢ NUMBER SCANNER 3 READ
TF(IDATATITIY,EQINATA(RE)) GU YO 1340
ﬁllTE()ol)lO) lD‘fl(’))o(Chust(lnoolCAUSt)ol"D'loS)
X ! 3)
C lCCUNULATC THE “U"lt. or Plllf' tIIOIS U‘Dtl Tﬂ! COND!T[ON OF THE BEST
ORNATION TRON STANNER 7 On STANNEN ¥

_ ITPER(G)=ITPER(6) o)
v o
1340 WREITE(3,1350) IDATA(33),(CAUSE(IND,sCAUSE),INDSL,S)
* ) [] 0 8808X» . i ) }
G0 TO0 1520
€ ACCUNULATE TAT WUNBER OF NOWN-READZ UNDEN TNE CONDITION OF TRE SEIT
(4 INFORMATION FROM SCANNER 2 OR SCANNER )
[ SHRD(6) el
C WRITE THE LAREL READ 8Y SCANNER 3, THE HIGITS INDICATING WHETHER TNF

S .
< READ BY SCANNER 3 AND THE CAUSE OF THE NON=READ
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Il.l.....lll..!..IIIOQCT‘D‘—.QOlI.QD..Q..CQll....I.Ol..l..il........lll}.l
[ ] L ]
...l.!...l.l..l...ll.l.'ll.00000.0..!.0.0..I.Q.IQQ.!O..Q.l.'..'lll....!l
_MRITE(3,1640) (IDATA(LMY),LMN=23,32), (IDIFF(JKL),JKL221,30)
WRIFE(3,165))IDATA(33), (CAUSE(IND, ICANSE),INDZ1,9)
~——— JTPER(6)ZITPEK(AYer .
GO TU 1S2u '
—— 1370 FORMAT(1H4+,65%, s Tel2,4X,%8°,9%,°X°,6X,°2°,5A5)
GO 10 1520
—C WRITE THE LAREL READ BY SCAVNER 2, TKE DIGITS INDICATING wHETHER THE
C  LABEL DIGITS «EkK REAn CORRECTLY OF NOT, AND THE PARITY CHECK NUMHER
(o READ BY SCAN‘ER 2
1380 WRITE(I,1390) (IDATA(LYN),LMN212,21), (IDIFF(JIKL),JKLE11,20), IDATACZ
—_ 1) v , .. . e
1390 FURMAT(I4X,°263 :°,1011,° 3 ‘y1011,° 3 CrT2,4X,°3°,12X,°
_13°) ___ e o
C ACCUMULATE THE NUMBER OF TIVES A CAR LABEL WAS READ CORPECTLY UNDER
C _ THE COMDITION OF THE WFST INFORMATION FROM SCAMAER 2 OR SCANNER )
IREADOGZIREADG ¢+
Q_T0 1520 —_
C WRITE THE LABEL RLAD BY SCANNEP 3, THE DIGITS INDICATING WHETHER THE
€ LABEL DIGITS «ERE READ CORRECTLY OR NOT, AND THE PARITY CHECK NUMBER _
[ o READ BY SCANNER )
1400 HRXT!(J.!190)(lDATl(LHN)oLnNsZJ.Jz)o(lDllr(JKL).JKL:)IoJO).!DATA(J
13)
— & ACCUMULATE THE NUMBER OF TIMES A CAR_LABEL WAS READ CORRECTLY UNDER
C  THE CONDITION OF THE BEST IKFORMATION FROM SCANNER 2 OR SCANNER 3
IREADOSIREADG o
GO T0 1820

C ACCUMULATE THE NUMBER OF READ ERROPS AND PARITY ERPORS UMDER
€~ THE CONDTTION OF THE GEST TRFORWAZTON FeoOn SCANNER 2 OR SCANNER 3
1410 NRDER(6)SNRDER(6)e1 A

ITPER(C)ZITPER(B) 01 —

1420 IF(IDATA(89),.E9,6) GO TO 1430

GO T0 1440

30 1CavusEsy?

GO T0 14%0
1640 ICAUSESIOATA(RA) 01 . .
C WRITE THE VABEL READ BY SCANNER 2, THE DIGITS INDICATING WHNETHER THE
€ LABEL P GITS wERE READ CORRECTLY OR NOT, THE PARITY CHECK NUNGER
C  READ BY SCANNER 2, AND THE _CAUSE OF THE READ ERAOR
$9) (RDATA(LMN),LMNS 21), (1IDIFF(JKL),JKLe}]
del + ICAUSE), In0s}, )
§460 FORMAT(I4X,°26) $°,1011,° & °,1011,° ] P%082,4%0°3°0323%,°
11%,5A8)
70 1820
14 [ ] RCG)SNRDER(G) o1
TPER(G)SITPER(G) o1

IDATA

( o£0,3) 1480
IFC(IOATA(09),£0,6) GO TO 1490
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[ ] L
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GO T0 1500
1400 ICAUSE=16
GO TO 1510
1490 ICAUSEs1?
GU TO 1510
1500 ICAUSESIDATA(@3)+1
1810 uaxrttl,gggglgxoqxgtgnsy.uuu-zs.Jz).(xoxrr(axn).axuszn.Jo).xgptggg__
137, (CAUSECIND, ICAUSE), IND=1,5) A T o
C DETERMINE IF MAXIMUM OF THREE PRINTOUTS PER PAGE OF THE ‘LABEL
€ READABILITY LIVIT PER NON-READ CAR’ HAS BEEW REACHED
1820 ICOUNT=ICOUNT+1
IF(ICOUNT LT,3) GO TO 1540
WRITE(3,1530)
1530 FORWAT(IN])
CO'INT=0
C DETERMINE IF AT LEAST ONE SCANNER ON SIDE 1 READ THE GIVEN CAR
€ LABEL CORRECTLY o
1840 IF(LREAD,EQ,0) GO TO 70
1550 IRDNORSIRDNOR 1

IREADsD
GO T0 70
< R s SO SCAN' 3
C THE GIVEN LABEL THAN SCANNER 1
IFCISVIF(3),.€0,0) GO TO 1d70
TSuM=0 -
PO 1570 1=223,.?
= *IDRTACT)
tF (ISUM,EQ,0) GO TO 1360 o
— 60 10 1270 i

C OSCILLOGRAM 3 WAS USED, SO SCANVER 2 OBTAINED MURE INFORMATION

AOA THE GIVEN LAREL tWAN SCANNER 3™ —— 7 7

1500 IF(ISOIF(2),EQ0,0,AND, IDATA(22),E0,IDATA(66)) GO TO 1380
°t3.0) GJ 10 141Y

0
T F 1 T3 T 1'% 2 Nt
1990 ISDATASISDATACIDATA(ISM) .
€ DEYERNIRE THE CAUSE OF THE NONeREAD OR READ ERROR -
IF(IDATA(09),6Q,6) GO TO 1600
GO 10 1610
1600 ICANSES)Y

- [ e - e . e - . 2 A——

G0 10 1620

___1!%%_%§A%%§!}9£I‘(!‘)91. e - S,
16 (TBDATA ,NE,0) GO TO Tesv ’ o -

30 MRD(G)SNRL(6) 1
[] e)el
UII?I(!.1640)}(DAt}(QM!)gLf!l}Q.gl)og!le[(dlb)odlblgqolQ) o

I1SDATAs
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L] [ ]
.0.!.....0....0.000.'l...'.l.....ll!l..l.!...lll!.l..l......l..l...l....
1640 PORMAT( 34X, *26) $°,1011,° 3 *,1011)
WR:TE(3,1650) TOATA(22), (CAUSECIND,ICAUSE),1ND=1,S)
1630 FURMAT(]1He,65%,° 3 P, 12,48%,°8°, 9K, X°6X,°8°,3A%)
GN TO 1520 “
0 IF(IDATA(22),.E0,IDATA(66)) GO TO 1240 .
1670 dﬁltt(l.lélo)(!DATA(L"N)obnlslz,zl)o(IDIFF(JKL)oJKL-llgio)oIDATA(I
12),( CAUSE(IND,ICAUSE), ND=1,9)
1680 FORMAT(34X,°26) :°,1001.,° ¢ °,1011,° t 2°012,4%,°8°%,12X,°
13°,3A8%)
NRDER(6 )SNRODER(6 ¢l .
ITPER(G)ISIIPER ) *}
GO T0 1520
C PRINTOUTS FOR Thh LAST TRAIN
€ DCTERMINE THE NUMBER OF TIMES FOR A GIVEN TRAIN, SCANNER K READ
A ] 0 TLY
1690 DO 1700 IJK=1{,$S
_ISPD(IJK)=0
1700 ISRO(IJK)sITRD(IJIK,1)¢ITRD(IJK,2)
€ CALCULATE THE PROPORTION OF LABELS WHICH WERE READ CORRECTLY
PLBRD(1)=FLOAT(ISRO(1))/7IHDR(11)

PL!I%SQ::FLOAT(!SRO(Z))IlNDI(l?)
00 1710 IJK=),S

1710 PLBRD(IJK)aFLOAT(ISRO(1JK))/IHOR(11)
1720 00 1730 1JK=t,5
C CALCULATE THE PROPORTION OF CARS WHICH WERE READ CORRECTLY
1730 PRD(IJK)=FLOAT(ISROCIJK))/IHOR(10)
WRITE;3,140)
li¥iiifi5i(9)ol
10IRSIHDR(6) +1
DO 1740 KSC31,9
1740 NRDER(KSC)sIRDER(KSC,1)¢IRDER(KSC,2)

WRITE(3,160)IROR(2), (WTHR(ET,IWTHR) yI131,3), 1IN

14)  IHDR(S .
— viﬁtc)-étoii(iiiioo»;xuoat:o:

FCINDR(11),GT,IHDR(12)) GO TO 1730
PLARD(6)SFLOAT(IREADG ) /IHOR(12)
€0 _TO 1760
1750 PLBRD(G)SFLOATCIREADG)/IHOR(1L)
R O WRITE(3,190)THOR(11),INDR(8),INDR(12), TRDIRCIDIR), ERONOR, ISRD(2
“'11"'ii%?i%1fioo}TTF:%%i%(iib,éiéfix)iiiotf?xifTTTFEiTfi??““""i’l'i"
BRO(IX),PRO(IK), EKs],3) _ . -
WRITE(3,210) IREADG,NRD(6) ,NROER(E), ITPER(E) ,PLBRO(6),PRO(6)
POSSC2srLOAT(ISRO(2)+ITROOS(1))/EHDR(12)
$3CISFLOAT(ISRD () +ITRDOS(2))/TMDR(1Y)

WRITE 0)
nnlFitg.:so)lnonxz).lsao(:).!sno(i).!uon()).ltloﬁstl).itioﬁstz).ln

1OR(4), INDR(S) ,PLBRD(2),PLBRD(3), INOR(11),ENOR(12),POSS5C2,POSSC)

R(3),1HOR(10), INDR(
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[ ] L]
Q.Qi.Ql...!.!......o..'..Q.Q.OQD.IQQ.Q.OQOIll.....00.000.000.000...0...0
1770 DO 1790 KsC=3,5
IF(XSC,£0,2,0F ,XSC.EQ.4) GO TO 1780
WRITE(),1530)
1760 WRITE(3,260)KSC
WRITE(3,270)IHDR(2)
DO 1790 KRUw=},11
INDEX=KRO#=t
WRITE(I, 280) INDEX, (“ISROFKSC,KROW,KCOL) ,KCOL=1,11)
1790 CONTINUE
1600 DO 1820 1J=1,2
ITTCARSITTCARG ICARSC(1J)
00 1920 wsC=1,S
0O 1810 IC=2,15 )
1010 ITTNRC(NSC,IC)=ITTNRC(NSC,IC)+NRCAUS(NSC,1C,1J)
— 1020 CONTIWUE
DO 1030 KsC=1,S
00 1030 1Jys1,2
NERR(KSC, 1) sNREAD(XSC, 1J) ¢ TRDER(KSC, 1 J)
1030 WNERR(KSC)SNNERR(KSC)¢NERR(KSC,1J)
~ WRITE(Y, 310)
unxt:(l.340)(uCAn(tJ).xcansC(xJ).xrnotn 1J), NERR(1,1J), (

leT“'C(‘nIC).olCIZolS) ]
SC=2,
WRITF(3,350)NSC, (RCAR(IJ), ICARSC(IJ), ITRD(NSC,1J), NERR(NSC,IJ), (
NSC, IC, 6T, 18, 11, ) RCAR (), YTYCAN, TSRO (KSTY,
ANNERR(NSC ), (ITTNRC(NSC,1C),1C22,15)

sSTOP
“END - ) -
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E.5 COMPUTER QUTPUT FORMAT

The following is the computer output format for OACI Chicago Test data

analysis.

OPERATIONAL SYSTEM EVALUATION

PER TRAIN

Train No.: Weather:
Date: Total Cars:
Time: Total Labeled Cars (North):
Train Speed: Total Lobeled Cars (South):
Tratn Direction: No. of Labels Read Correctly

by Scanner #1, 3, 4, 5 (North):

No. of Labels Read Correctly by
Scanner #2 (South):

Total Total Read | Parity | Proportion of | Proportion of
Sconner ¥ | Reod | Non-Read | Errors | Errors | Lobels Read Cors Read

hjajwiN

243
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LABEL-SCANNER READABILITY LIMIT
PER NON-READ CAR

Reod | Actual Label * Poritl
Scanner f |Lobel # | Reod Lobel # | Check |Non-Reod | Cor Type | Couses
1
2
3
4
5
Oscillogram
LABEL~-SCANNER READABILITY LIMIT
PER TRAIN
Train No.: Total Reod by Sconner #3:
Date: Total Read by Oscillogrom:
Time: Proportion of Labels Read
Scmor& b
Total Lobeled Cors (North): Prqwrtio; of Labels Reod by
Scanner #3 and Oscillogrom:

Total Lobeled Cars (South):



APPENDIX F
COMMENTS ON THE PARAMETERS USED IN THE CHICAGO TEST

An important consideration in an assessment of the utilization of a parometer
(such os readability) as an indicator of a trend, is the method of dota collection and
processing. All data must be compatible so that intercompcrisons between parameters
will have statistical significance. To this erd, we will begin with an assessment of the

derivation of the parometers used,

F.l READABILITY

Reodability is a measuremerit of scanner operational system performance, or
on indicator of the ability of a scanner to read labels. [t is based on the number of
cars scanned, disregarding locomotives, cabooses and non-labeled cars. The ex-

pression of readability is given by Equction (1) in Section 4.5.

A readability con be derived from every train scanned. If, as in the Chicago

Test, a number of scanners scan the same labels, their readabilities for each troin can
be compared® For a number of trains, all reod by these scanners, the mean readabili-
ties of the different scanners con be compared, and since the labels scanned ore the
same for each scanner, differences in n.ean readabilities reflect o difference between
scanner operational system performance. From these results, decisions regarding the
cost-effectiveness of modifications to the stondord scanner or multiplexing of scanners
con be reached. It is important that the mean reodabilities be derived in the same

manner for all scanners. A weighted mean readability is expressed by

*Note that Scanners f1, 3, 4 and 5 scanned the some label population. Scanner #2
scanned the label population on the other side of the cors.
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A;
R= 2 (F-1)
N
E (ri' ai)

i=1

where Ai = total number of ‘reight cars correctly read in train i
T, = total number of freight cars scanned in train i

a, = total number of unlabelled freight cars in train i

The arithmetic mean readability is expressed by:

R= )N_‘, ul (F=2)
i=1 N

where Ri is the readability of each one of the total numter N of trains scanned.

Although in the Chicago Test data, the difference between these two means is not

large (at most a few tenths of one percent), the difference in other cases can be

significant. As an illustration of this fuct, consider three trains A, B, and C v¢ith

100, 25 ond 20 labelled freight cars scanned. Suppose the numbers of these cars read

correctly ate 90, 5 ond 10 respectively. The readabilities of each train are 90%,

20% and 50%, giving an arithmetic mean of 53.3%. However, taking the weighted

mean, the readability is 72.4%.

The difference between the weighted mean and the arithmetic mean in this
case is lorge. The arithmetic mean implies that the scanner reads only about half
of the cars correctly, or about 77 of the cars in the trains, whereas 105 of these cars
ore actually reod correctly. The mean and standard deviation of R for each sconner
takes into account “all the cars in all the trains* rather than “all the trains” (which

would wrongly imply all trains had the some number of cars).

- aking into account all the trains in the Chicago Test, the weighted mean

and arithmetic mean for Scanner 1 are 85.5 and 85.6 percent, respectively, that
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means a difference of only 0.1 percent. The difference between these two values
corresponding to Scanner #2 is less than 0. 1 percent; to Scanner 3, 0.3 percent;

to Scanner ¥4, 0.1 percent; and to Scanner ¥5, 0.2 percent, That means that the results
given in this report came out practically the same using the weighted or arithmetic
mean. [f ir general the weighted mean readability is more representative of the operag-
tiora! system performance than the arithmetic mean values then why was the latter used
at the Chicago Test? The answer is that the results of the test were reported in o quasi-
real time to the RPI/AAR/FRA Steering Committee. Therefore, we had to reduce the
data on a train-by-train basis. A benefit of computing on a train basis is also that we

could relate readabilities and characteristics of trains.
F.2 LABEL-SCANNER READABILITY

The label scanner readability, R, is given by Equation (5). The difference
R' - R gives an indication of how much information can be obtained from labels not

within the specifications of the AAR. O is os defined for Equation (5).

R'-R = A+Q A . O (F-3)

T-a T-a T-a

The same considerations made on the orithmetic ond weighted mean R are applicable toR',

F.3 SCANNER-SYSTEM PERFORMANCE LIMIT

The scanner system performance limit Riimis 9iveri by Equation (6) evaluates
copabilities of OACI as a principle of operation. The percentage of non-read and
error=read related fo the operating environment is given by 100 - Riimite The percentage
of non-read and error-read related to management is given by Riimis =R

The same considerations made on the arithme'ic and waighted mean R are

opplicable to E"m".
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APPENDIX G

PHOTOGRAPHS OF OACI LABELS AFFECTED BY
NON-=-READ AND/OR ERROR-READ CAUSES

From the OACI| label photographs obtained at the Chicago Test and from
lobels sent to TSC by different railroads, representative cases of non-reod and error-
read couses which offected the labels are given. The classification given in Section

4.8 is used to identify the causes.

Figure G-1. Label gffected by heavy
reddish dirt (Cause #4). The new

S . ART module at the bottom of the
label was added for comparison
purposes. (Label courtesyof the
Conadian Notional Railroad.)

Reproduced f
best wu:ilablom:::pyb
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Figure G-2. Label offected by dirt
(Cause #4). This label was mounted on

u hopper car dedicated to coal service.
The new START module was added at

the bottom of the labe! for comparison
purposes. (Label courtesy of the Chicago
and North Western Tronsportation
Company.)

Figure Ci'-3. Label offected by dirt
(Couse 74), (Label courtesy of
Atchison, Topeka and Santa Fe

Railway Company.)
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Figure G-4. Label offected by damage
on label as will as domage on backing
plate (Cause #5), This labei was
mounted on a gondola. (Lobel courtesy
of Atchison, Topeka and Santa Fe
Railway Company.)

Figure G-5 Label affected by

(Couse #5). This labsl wos mounted on
a fonk cor. (Label courtesy of Norfolk
ond Western Railroad . )
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Figure G-6 Lubel affected by damage
(Cause #5). The damoge consists of a
deep scratch crossing all modules from
the top to the bottom of the label, This
label was mounted on a box car, (Label
from the OACI Chicogq Test.)

Figure G-7. Lobel affected by seveie
burns (Cause #7) when the cor was
ted in an oven. This lobel was
mount’d on a gondola. (Label from
Train 15, OACI Chicago Test.)
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FigureG-8. Label affected by phosphate
accumulation (Cause #9) partially cleaned
on the central portion. (Label courtesy
of the Canadian Pacific Railroad.)

Figure G=9. Label affected by fodi
due to excessive cleaning (Cause 'lng).
Notice the effect of cleaning oround
the back plate. This label was m:unfed
on a box cor. (Label from Train #10,
OACI! Chicago Test.)

oduced from - 16) -
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Figure G-10. Label offected by
damaged modules (Cause #11)." This
label was mounted on o box cor.

(Label ccurtesy of the Atchison,

Topeka and Sante Fe Railway Company).

Figure G-11. Label affected by domaged
modules (Cause #11). (Label courtesy
of the Aichison, Topeka nnd Santa Fe
Railway Company )
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Figure G-12. Label offected by the
replacemant of three full modules
(Cause #12). The new modules are,
counting from the top, the first red,
the first blue and the second white.
This label was mounted on a cor
carrier. (Label courtesy of Norfolk
and Western Railroad.)

Figure G-13. Label affected by rusted
backing piate (Cause #13). This label
was mounted on a covered hopper car.
(Label courtesy of Canadian National
Railroad.)

Reproduced f - -
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Figure G-14. Label offected by bent
back plate and dirt (Cause f14), The
new START module at the bottom of the
label was added for comparison purpses.
This label was mounted on a flat c3..
(Label courtesy of Chicago and North
Western Tronsportation Company.)

Figure G-15 Label affected by dirt
(Cause #15). The new START module
ot the bo*tom of the lobel was odded
for comparison purposes. This label
was mounted on a flat car, (Lobel
courtesy of Chicago and North
Western Transportation Company.)

Reproduced
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Figure G~16. Black anodize failure
on backing plate (Cause #16). This
label was mounted on a box car.
(Label from OACI Chicago Test.)
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