US. DEPARTMENT OF COMMERCE
Ka‘ional Technical information Service

PB-291 877

Optical Automatic Car Identification
(OACI). Volume I. Advanced System
Specification

(U.S.) Transportation Systems (enter, Cambridge, MA

Prepared for

~

Federol Roilroad Administration, Washington, D( (ffice of Research and

Development
Dec 78




-

: & '*f_fzft%?'mé?;_;ﬁﬁ;:-mﬁzaaaafﬁgzns. i PB 2381877

OPTICAL AUTOMATIC CAR IDENTIFICATION (OACY)

Volume | - Advanced System Specification

U.5. Department of Transportation
fesearch and Special Programs Administration
Transportation Systems Center
Cambridge MA 02142

DECEMBER 1978
FINAL REPORY

COCUMENT IS AVAILABLE TO THE FUBLIC
THAROUGH THE NATIONAL TECHNICAL
INFORMATION SERVICE, SPRINGEIELD,
VIRAGIMIA 22981

Prepared for

.5, DEPARTMENT OF TRANSPORTATION
FEDERAL RAILROAD ADMINISTRATION
Office of Research and Development
Washington DC 20590




KOTICE

This document is disseminated under the sponsorship
of the Department of Transportation in the interest
of information exchange. The United Stater Govern-
ment assumes no liability for its contents OT use
thereof.

HOTICE

The United States Government does not eadorse pro-
ducts or manufacturers. Trade or manufacturers’
names appear herein solely because they are con-
sidered essentiasl to the object of this report.




Tachnical Report Documanistion Poge

1. Repecr Ns. 7. Goverament Aocessran M. T Reciprent s Coraigs Mo .. 7
FRAJORD-78/15, 1 _ P B qu 8?

% Tatle and Subntiz T, Repert Dats

OPTICAL AUTOMATIC CAR IDENTIFICATION (OACI)  DECEMBER 1978
{Volume I - Advanced System Specification 6. Parlorming Organitation Code

DIE-733
. Parforming Orgonizarion Repert Ne.

7. duthpe s}

Lennart E. Long DOT-TSC-FRA-78-22,1

¥, Poriprming Drganization Noms and Addresa 1. Werk Unit He. (TRAIS)

11.5. Department of Transportation | . RRE16/RS307

Researc’g and Speciﬁ'{ I’roggm .ﬁgmm istration T1. Centract or Grent No.

Transporcation Systems Center
| Cambridge MA 02142 §3. Typs of Heporr and Poried Covared

{11 vag i r Add i
Spensanng Agency Neme end Adiresi Final Report

U.S. DPepartment of Transportation »

Federal Railroad Administration : ocxober 1377 :‘:1? i
: 3 4. Spansoring A ade

Office of Research and Development POT !Fm?ﬂﬂ%}ﬂ?ﬁ IRRD-10

Washington DC 20590
i3 Supplemantory Netes
This is one of four volumes which provide the final reports for the FRA OACI Improve-
ment Effort. The other final reports cover the subjects of: Systems Alternatives
levaluation Model 78/15,IV (May 1978): Readability and Scanner Performance 78/15,11
{March 1978); Optical Properties of Labels 78/15, III (to be published).

4 18 Abareger

1A performance specification is provided in this report for am Optical Automatic Car
tdentification (OACI) scanner system which features 61 improved readability over
lexisting industry scanner systems. It also includes the anazlysis and rationale which
support this specification. This improved system is a result of design and test of
selected modifications to existing equipmenmt. It is projected that a cost reduction
of fifty percent and a reliability improvement by a factor of three, alang with 2
savings of seventeen hundred doliars per year due to maintainability considerations,
could be realized using the new system. Sections of this report contain descriptions
of test data showing the improvement in readability for degraded labels and difficult
fambient conditions. Also included in this specification are guidelines for a compact,
self calibrating scanner requiring no air conditioning. At the conclusion of the
hardware and testing phase of the program, the modified scanner configuration was
tested and demonstrated in the areas of optics, electronics, data processing, and
ipackaging. Test results sre included in this report.

P V7. Koy Wards IH, Diswidbulion Stetecmt
Automatic Car Identification: :
Railroad Information Systems: ' $o:gu§m IS AVAILAELE TO THE PUBLIC
; = - H UGH THE NATIONAL TECHNICAL
Classification MFORMATION SERVICE, SPRINGFIELD,
Yard Technology VIRGINIA 22161
T 19, Secunty Classif. (of this repert} I 3. Seewiry Tlanst, (o] this poge) I'-'" Ne. of Poges | 32, Pues .
Unclassified | Unclassified %ge 'ﬁiﬁi'}»f’ﬁf: el

Ferm DOY F 1700.7 (47D Reproduction of completed poge sutherized



WMETRIC CONVERSION FACTORS

i EE TS ¥ % . i :155&'-"!

b1
xqi@]
T ol

’ ..]‘ i Jg
1 ot € s

TR i

: s
; e il =
i B H 3 -
- . 3 - i ]
3 - :

E“E‘t'i't‘ r';'-r[rg*:'rg'rt-s‘rs'

i, i
i $he ¥ ESSE T T, TR R PR, 1. ! » 5

Y Vo

A3EwRE 4

S pgEEE e
-

Vil

i L' 5
TENTHL

W Yo Mo
s
L
Wk

i (TE: EER Y ¥e 11 vin

i1



This document is the final repoxt of GWA 78-RR, PPA RR-816,
a project entitled ™Automatic Car Identification Optical Scanner
{OACI} Improvements,™ completed by the Transportation Systems
Center {(TSC) under Federal Railroad Administration (FRA)j
sponsorship. A performance specification is provided in this
report for an OACI scanner system which features 6% improved
readability over existing industry scanner systems. It also
includes the analysis and rationale whicin support this
specification. This improved system is a result of design and
test of selected modifications to existing eguipment. It is
projected that a cost reduction of fifty percent and a
reliability improvement by a& factor of three, along with a
savings of seventeen hundred dollars per year per system due to
maintainability considerations, could te realized using the new
system. Sections of this report contain descriptions of test
data showing the improvements in readability for degraded labels
and difficult ambient conditions. Also included in this
specification are guidelines for a compact, self-calibrating
scanner requiring no air conditioning. At the conclusion of the
hardware and testing phase of the program, the modified scanner
configuration was tested and demonstrated in the DOT/ISC COACI
Laboratory. Impzrovements were achieved and demonstrated in the
areas of optics, electronics, data processing, and packaging.
Test results are included in this report.
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EXECUTIVE SUMMARY

within the last ten years, the Optical Automatic Car
Identification (OACI} system used by the railroad industry has
been a cause for growing concern due to the number of cars which
are not correctly read. This concern led to a joint
industry/government effort to assess the economic and technical
potential for improving the current (standard) OACI system and
the potential of alternate Automatic Car Identif ication {ACI}
systems. The information gathered from these assessments will
provide a basis for industry decisions regarding the role ACI
will play for the UB.S. The Federal Railroad Administration {(FRA}
role within the overall system assessment encompasses the OACI
hardware {composed of the label, the scanner, and the wheel
sensor) and the management information system aspects. The FRA
requested that the Department of Transportation {(DOT)}.,
Transportation Systems Center (TSCj, perform an in-derth study to
determine if scanner hardware improvements could increase the
percentage of correct readings of the existing labels. TSC was
alsc asked to specify the cost of retrofitting or replacing the
exicting scanner, and to develop a composite specification for
such an improved scanner. Included in this document are both the
specification and a description of the work accomplished on the
TSC project.

The effort described here resuited in a modification of the
system to incorporate advanced electronic signal data processing
methods and microprocessor techniques to further increase label
readability. The baseline for measuring the scanner hardware
improvements was obtained by using current model OACI scanners
which were calibrated and tested by the manufacturer to meet
their current production scanner performance criteria. Modified
scanners were directly compared to these baseline scanners undex
laboratory conditions to simulate the key aspects of the field
conditions. To simulate train movement, a Label Motion Generator
was designed and built. It is capable of actual label speeds to
5 mph and, then by electronically limiting the number of scans of
each label, it can simulate label speeds to 80 mph. Label height
and distance from the scanner can be varied to further simulate
the range of label locations on the car fleet.

The laboratory tests were performed with a label population
which was a representative selection of marginal and non-read
labels provided by the railroads. The labels were selected and
correlated with a 1977 field classification performed by the AAR
and were based on available fleet information concerning the
distribution in percentages of types of labels that are marginal
or no-read in the fleet. Percent readability improvements were
calculated from actual reads of the labels through the use of a
"readability criterion® which is derived from the quality of the
unprocessed electronic signal from the label. This method

xi



provides a gquantitative method, not dependent upon human training
or interpretation, for determining when labels require
maintenance.

The modifications have provided significant improvements.
The optical modifications have shown & 3% readability improvement
over the baseline scanner. The initial electronic improvements
have shown an additional 1X readabil:ity improvement for a total
of 4% over the manufacturer®s baseline scanner. All of these
improvements can be easily retrofitted into existing scanners at
an estimated cost of $4,500% per scanner. Installing these
modifications into the existing 500 scanner inventory would
reguire an investment of $2.3 million and would yield a 92% to
95% car label read level. These modifications will have no
effect on the yearly maintenance costs, but will reduce the time
to repair the scanner systems.

The application of advanced digital electronic technigques
and the application of micro-processor technology has provided &
further 2% increase in the fleet label readability. Perhaps more
importantly, the use of this technology is also expected to
reduce the total scanner cost, and improve its reliability.
Scanner costs would decrease from the range of $40,000 to $54,000
down to $27,000. At the same time, the average scanner
maintenance period can be increased from 30 days to 90 days.

This should result in an additional savings in yearly maintenance
of $1,700 for each scanner. The above figures are preliminary
estimates based on current component prices.

The results of this work in terms of readability and costs
are highlighted in Table I. Readabilities are listed indicating
scanner performance alone and in combination with the wheel
sensors. Capital costs for the new system were derived from
prices for 100 unit lots. The field retrofit costs involve
installing the modifications in existing scanners in the field.
Although the yearly maintenance costs for the wheel sensors
remain unchanged at $2,040 per year, the %1,700 per year savings
for the fully-modified scanner reflect an improvement in the
scanner maintenance period from once per month to once every
three months.

In summary, results {refer to Section 4.4} have shown that
significant reduction of label non-reads can be accomplished
through scanner hardware modifications. Engineering estimates
predict potential total fleet readability increases of up to 7%
can be achieved with potentially significant reductions in
initial scanner procurement costs and maintenance costs.

#3511 dollar amounts given in this document are in 1977 dollars.
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1. SCOPE

This document describes the performance of the Advanced
Optical Automatic Car Identification System in sufficient detail
so that implementation of a detailed design is possible.
"Design-to™ military specifications are listed as guidelines and
references are given for future research if needed. A complete
functional description appears in Section 3.0 with detailed
technical description located in Appendix I. This technical
description includes information about the scanner system and its
subsystems and circuit blocks.

A scanner system description which details interface
requirements, operation woltage, and power requirements and other
technical characteristics is presented Section 3.8. Section 3.9
outlines design and construction details. Test results are

presented in Section %.8.



2. APPLICABLE DOCUMENTS
2.1 Government Cocuments

The following documents of the exact issue shown form a part
of this specification to the extent specified therein. In the
event of conflict between the documents referenced herein and the
contents of this specification, the contents of this
specification shall be considered a superseding requirement.
This report was prepared according to the reguirements ai MIL-

STD-490.

MILITARY SPECIFICATIONS AND STANDARDS

Date rRef. Ho. Description
20 Feb. 76 MIL-D-1000A Drawings, Engineering and
Amendment £1 Associated List
15 oct. 75 MIL-D-1000A Drawings, Engineering and
Associated List
15 Ooct. 70 MIL-STD-454C Standard General Requirements
for Electronic Equipment
1 Aug. 68 MIL-STD-461D Regquirements for Equipment
through Electromagnetic Interference
notice #4 Characteristics
15 Feb. 66 MIL-STD-5T71 Maintainability Demonstration
15 June 67 MIL-STD-810B Environmental Test Methods
15 HNov. 67 MIL~-STD-781B Reliapility Test Exponential
Distributions
28 Mar. 69 MIL-STD-785 Requirements for Reliability
Program
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3. REQUIREMENTS
3.1 Introduction

This report presents the recent results of efforts on the
part of the federal government to determine the improvement
potential for the Optical Automatic Car Identification (OACI}
system {see Figure 1). The efforts, carried out under the
technical support of the Federal Railroad Administration (FRAj,
are intended to specify the means for obtaining increased OACI
system accuracy and wider application at lower costs. Although
OACI has the potential to be a major breakthrough for improving
railroad service operating efficiency and car utilization, the
nation's railroads have recently reconsidered continuation of its
use. Since its adoption on a national scale in 1967, the
railroads have been faced with the problem of sustaining an
effective maintenance program for the OACI system and the labels
of 1.7 million freight cars which are used for identification
purposes. Depending on the operating life of the label, the
operating environment and the levels of maintenance over the past
five years, reported OACI readability has varied from 78% to
above 97%. Although some railroads find that the lower accuracy
can be greatly enhanced through correlations with their
separately-derived manual car identification records f{advanced
consist}, others find this reduced jevel of performance to be
unsatisfactory. The main reason for this difference in
acceptance lies in the way each railroad utilizes OACI in their

management information system (MIS}. Some railroads, with their
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own maintenance program and fleets, have derived significant
benefits from greater efficiencies in their waybill preparation,
classification yard operation, and cargo identification.
However, since the nationwide benefits of ACI can be obtained
only through the cooperation and support of all railroads, its
fullest potential cannot be realized unless a sufficiently
convincing case is made for improved performance and lower
operating and maintenance costs to demonstrate an acceptable

return on investment.

3.2 Background

Since 1890, when a patent was issued for a mechanical
technique, the railroads have recognized a need for the automatic
identification of the ownership and serial number of freight cars
passing critical rail junction points. In 1967, the optical ACI
was adopted as the industry standard after the Association of
American Railrcads (AAR} had developed specifications and tested
the system in the field. Referring to Figure 2, the OACI system
was composed of three distinct elements: (1)} Color-coded labels;
{2) An optical trackside scanner system; and (3) Wheel sensors to
determine car presence and direction. The system operates in the
following manner. When the train first approaches, a high
intensity light source is turned on and begins a rapid vertical
scan of the trackside with a set of rotating mirrors. The wheel
sensors then identify the passing of the rail car, each of which

has labels mounted on both of its sides. The label consists of
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thirteen "modules" which are strips of retroreflective material
similar to that used for highway markers which are illuminated by
car headlights. Each of the thirteen modules has two stripes,
which are colored white, red, blue, or black. The reflected
light from these stripes is sensed slightly off the incident
light axis and converted into electrical =ignals by
photomultipliers. These signals are then decoded into three
digits of car owner information and seven digits of the freight
car/type number. If this information satisfies certain validity
criteria it is passed on to a label data processor for subseguent
transmission to the railroad's local management information
system computer. Validity for the ten identification digits is
checked against a modulo-eleven binary coded parity module.

In the past, use of the OACI system's information has varied
considerably depending on the size and the special needs of the
railrocad. One very large network managed by the Chicago Railroad
Terminal Information System, Inc. (CRTIS}, was developed as a
joint railroad effort to serve 28 users over 7,689 miles of track
connecting 100 freight car classification and support yards. For
the last five years, the FRA and twelve railroads were involved
in a cost-shared CRTIS demonstration of the benefits of OACI in
reducing clerical costs, car detention times, misroutings, and
classification errors. This project to date has had limited
success due to: {1} a degradation in the guality of the labels;
and {2) a less than optimum scanner system performance. In 1975,

concern over the slowly deteriorating OACI readabilities led to



an FRA~sponsored CRTIS field test program! which was conducted by
the Department of Transportation's Transportation Systems Center
{DOT/TSC} at the request of the FRA. The tests indicated that
the readabilities could be increased from the naticnal average of
80% to 91.3% through minor improvements to the OACI scanner
system by the eguipment manufacturers. Although the field test
sample of over 5,000 cars was quite large, this result was the
subject of considerable controversy. Some railroads believed
that the test site was not representative of their own OACI
experience. Others reported that readabilities of higher than
95%2 were obtainable through a careful label washing program on
their own captive fleets. The problem was further complicated
when each railroad tried to assess the readability effect in
terms of the costs and benefits of their own operations. Very
little technical information was available on the effective life
of the labels and the underlying causes for their deterioration.
Readability improvements tnrough "advanced consist"* and multi-
scanner correlations from both sides of a car had not been
systematically defined in a form which could be interpreted by
each individual railrocad. These and other problems established a
“"wait-and-see" envircnment in which the static market for OACIL
systems precluded any major technological upgrading by the

eguipment manufacturers.

*Advanced Consist - defined as manual car identification records
for a train available to the railroad prior to train arrival.



In order to evaluate the ACI System, the FRA was asked to
determine the improvement potential of OACI while the AAR
investigated the benefits that would be derived from good car
identification. For the past year, the FRA has been working on
four areas of the Optical ACI System to resclve its major issues
and to provide a firm basis for the railroad industry*s decision
regarding its future use and deployment. One of these areas,
described as an extensive effort to improve the performance and
cost of the scanner system, has been conducted by DOT/ISC. The
results of a first stage of fabrication and testing of newly
designed pre-prototype hardware in this effort were presented* to
the industry in June 1977. This report summarizes that effort
and presents a specification for the improved scanner system.
Also presented is an analysis of the current system, an
identification of the levels of improvements, the results of

laboratory testing, and cost and sizing considerations.

3.3 Current Scanner System Description

The existing OACI Scanner System is composed of optics of
good commercial quality and vintage 1969 electronics components.
The system was originally designed to identify 99.5% of new or
properly maintained labels with the low false alarm rate of less
than 1 part in 250,000. However, in actual use label degradation
in the form of dirt, damage, and other causes has reduced the
light returns from some of the labels to the point whexe they are

obscured by the system noise. For the purpose of identifying
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readability improvements with the existing labels, the scanner
system {Figuros Z, 3) may be divided into four parts: an optics
subsystem; front-end amplification electronics; a detector
{called a "standardizer"}; and &« label data processor.

The detection of a label starts when its vertical edge first
appears in the plane of the label scanning zone shown in Figure
4. The label is illuminated in this zone by a 7.5 inch circulax
beam of collimated light from a Xenon arc lamp within the scanner
head. This incident light is swept upwards by four mirror faces
mounted on a "spin cube® which rotates at 3600 rpm. This rate is
high enough to insure at Léﬁst one scan of a label moving at 80
miles per hour. The rotating plane is tilted 7 degrees about the
vertical axis to accent the label*s retro-reflective properties
over non-label specular reflections which are dominant for the
return path perpendicular to the car side. Tne labels contain
very small glass beads mounted on a silvered curface which
reflect light back within a small two degree cone centered on the
axis of the incident beam. This effect may be seen by observing
a labei illuminated with a flashlight at angles which can be as
much as 45 degrees off the normal to the label.

The cptics subsystem is shown in Figure 5. & mirror is used
to *fold" the incident light from the arc sSource on its way to
the rotating mirrors. A hole in this pierced mirror admits the
return light to & lens system which focuses it on the cathode of
red and blue channel photomultipliers (PM*sj. The PM receivers

have & vertical field of view of 3/8" for good label stripe
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resolution. Color separation is achieved by a dichroic mirror
which passes the red band of light but reflects the blue band at
30 degrees. A white label module will therefore produce a PM
output on both channels. The red and biue filters are narrow-
band and are matched to the spectral characteristics of the label
colors. An example of these waveforms and the color code
interpretation is shown in Figure 6. There are 16 possible color
combinations for each full module (four times four for each half
module}. Of these, only ten are used because of the restrictions
that no bottom stripe be black and that the red/blue and bluesred
modules are reserved for the ®start" and "stop"™ modules,
respectively. The label background-to-module spacing ratioc of &
to 5 provides a near-zero return between the signal pulses of
adjacent modules.

As seen in Figure 3, the red and blue photomultiplier
outputs are each fed to a separate line driver and 400 kHz low
pass filter combination with a dynamic range of 50 db. The line
driver outputs present low impedance 30 mV to 10V label signals
to the detector which is mounted in the air conditioned Label
pata Processor equipment hut. The hut also contains a power and
signal interface boxX.

Since the purpose of the OACI system detector is to assure
that only label analog signals result in an identification of a
freight car, this device has been more appropriately called a
gtandardizer. The standardizer eliminates false informution from

non~label reflections and assures the proper decoding of label
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signals through the use of DC Restorer circuitry, a delay line, a
digitizer, and stripe/label recognition logic. As shown in
Figure 7, the triangular and trapezoidal photom:ltiplier signals
arrive at the standardizer with rounded edges due to a non-ideal
label reflectivity, optical and electronic bandwidth limitations,
and system noise. DC Restorer circuitry first amplifies and
shifts the level of the signal pulses so that they rise from a
fixed DC reference level which is relatively independent of the
slow variations in the outside ambient light. The ultimate
objective is to convert these analog pulses into digital pulses
with the same half or full module widths and relative spacing.
This objective is realized through the use of a lumped-constant
transmission line which continuously tracks the instantaneous
analog pulse amplitude over deliayed time intervals. This pulse
delay line is shown in Figure 8 and contains ten signal tap
outputs with tap weight multipliers. The 9 microsecond *times-
one" tap and the two 0.5 taps assure that a digital pulse is
formed from the half-amplitude points of the analog label pulse
regardless of its peak amplitude {the reflectivity strength} or
waveform width (the label distance from the scannerj. Other taps
farther away from the X1 center tap provide amplitude guardbands
which inhibit a digital pulse when adjacent module peak
amplitudes or spuriocus noise spikes are more than ten times
greater than the center peak. The center tap voltage is also
inhibited when it goes beélow a 50 millivolt DC threshold or when

it falls below 0.2 times .a “crosstalk® signal from the center tap
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of the other channel. The crosstalk signal prevents a white
color decision when one color produces a signal less than 1/5th
of the others.

The digitization of the red and blue label pulses is
directly followed by two stages of Label Recognition Logic. The
first stage examines individual half-module pulse widths and
determines red and blue coincidence. These are assembled to
arrive at a full-module numerical code which is checked for
maximum pulse width and maximum distance from adjacent modules
{which should always have at least one channel pulse in their
first half module}. If these conditions are not met, any
preceding pulses are classified as noise and the circuitry is
reset.

The second stage of label recognition checks more global
information about the label, verifying that the pulse train
consists of a "start®™ module followed by 10 numerical modules; a
*stop* module, and a “parity". If any module is missing, all
preceding pulses are discarded as noise. If the pulse train
satisfies all of the preceding conditions for a label, the label
numerical codes are loaded into memory in the Label Data
Processor.

The Label Data Processor verifies the label parity, checks
for multiple scans of tie same label, and uses the wheel sensor
signals to identify each car and watch for cars with no labels.
For each train, a list is then assembled and printed or

transmitted to a remote computing site.
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3.4 Scanner System Improvements

In its simplest form, the modification of a scanner system

to achieve improwved readability of degraded labels involves two
tasks: (1) The dynamic range must be extended downward to read
smaller optical returns; and {2) The effects of noise, either on
the label or internally to the scanner must be reduced. That is,
the system gains for new labels are maintained while improvements
are made to identify very small signals from degraded labels in
the presence of noise. This noise has three primary sources:

{1} background noise from the label; {2} noise from the
scattering of internal light; and {3} electronic noise. With
this in mind, the problem was defined and two stages of
modifications to the scanner optics, electronics, and label

detection subsystems were identified.

3.4.1 First Stage Improvements
The first stage improvwements involved:
1. improving the optical system
. increasing the dynamic range of the front end line
driver
3. stabilizing the thresholds for the existing
standardizer. )
These modifications werc intended to be an early package
which could eventually be retrofitted in the field by the
manufacturer at a cost of $4,500 {approximately 0% of the

initial purchase price of the scanner systemj. The first stage
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hardware has been designed, fabricated, and tested in the DOT/ISC
laboratory. The tests simulated the key aspects of the
conditions in the field and were performed with a label
population which was a representative selection of marginal and
non-read labels provided by the railroads. These modifications
were installed in a scanner system and directly compared to
another scanner which had the manufacturer's latest improvements
and a known readability of 91.3% established from field tests.?
The comparison revealed that the modifications produced a

readability improvement® of over &%.

3.4.1.1 oOptics Modifications

The optics modifications are shown in Figure 9 and are

described as follows.

1 A new arc source manufactured by Varian, Inc., has been
substituted to obtain a brighter rectangular beam of
light on the label. The beam height has been reduced
by a factor of two while maintaining an optical
collecting and focusing system of the same f-number as
that currently used. The lamp assembly contains a
secondary optical system with a well-defined
i{llumination beam which results in less internal light
scattering. Although the new source is more expensive
{5475 vs. $375}, it has a 60% longer lamp life and can
be more easily replaced, requiring less special
alignment time and skill.

22



FIGURE 9. FIRST-STAGE OPTICS AND LINE DRIVER MODIFICATIONS
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2«

3.

3. ﬁ‘. 1.2

& half-silvered mirror has been installed in place of
the present #iurced mirror. The new mirror and a
larger, more expensive lens {5260 vs. 360} increase the
iight returns on the photomultipliers.

Flatter folding and rotating mirrors have been
installed (at negligible additional costs} to obtain

batter resclution and more repeatable scan—to-scan

module pulse times from the label. These mirrors also

operate in conjunction with a small lens to obtain a
synchronization pulse with a .ﬁﬁ-micrasecanﬁ stability

for the advanced detection processor applications. The

sync pulse is obtained from a reference module placed

jnside the scanner and slightly below the bottom of its
viewing window. This module can also be used for

optical thru-put checks and photomultiplier gain

gtabilization similar to that already provided in the

present scannerl.

The new iine driver has an increased dynamic range cf 80 db

which should be sufficient for the weakest {1 millivolt) retuzns
from very degraded labels. The driver has integrated circuit
operational amplifiers in place of transistors to achieve a
higher immunity to temperature and power supply variations. The
optics modifications and the new line driver have resulted in a
3% readability increase and have reduced the internal light

28



scattering to the point where the dominant nuise (of

approximately 3 millivolts) is from the backgronnd material and
deterioration of the label itself. An additional 1% improvement
was obtained through modifications to the existing standardizer

at an incremental cost of $1,25C.

3.4.1.3 New Standardizer

The new standardizer is shown along with the present one in
Figure 10 to indicate that the breadboard electronics were well
constructed and are direct plug~in replacements for the existing
circuitry. The purpose of the modifications was to increase the
dynamic range by a factor of 3 (from 46 db to S6 db} and to
provide a stable threshold for degraded label signals in the
region of 5 millivolts. The stability was obtained through the
substitution of integrated circuit operational amp;ifiaxs for the
transistor summers used in the tap weight mult%pfiers {see Figure
8}. This substitution reduced the threshalérﬁémperature
sensitivicy by a factor of four {(frum 12 mv to 4 mv, 0 to 50°C)
and resulted in a better immunity to p&ﬁer supply variations
{from 15 mV/V to 1 mV¥/V}. Signal rggiecticns in the delay line
were also reduced through high impedance buffering at the inputs

to the tap weight multipliers.
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3.4.2 Second Stage of Improvements

second modifications have been designed and implemented o
replace the standardizer and the Label Data Processor mini-
computer with a new detector and multi-scan correlation in a
microprocessor based system. These modifications build upon the
optics and line driver improvements of the First Stage and take
advantage of recent advances in signal detection techniques and
integrated circuit technology. These modifications were verified
as feasible and, according to laboratory tests, produce an
additional 2% increase in readability. This system has involved
a major reconfiguration of the present four-box system with its
air-conditioned hut into a two-box system mounted entirely on the
scanner wayside pole. This and the use of integrated circuits
reduces the initial costs of the scanner system from the present
$40,000 to $54,000 range down to an estimated $27,000. The
system reliability and maintainability have been improved, with

scanner maintenance costs reduced from $5,000 to $3,400 per year.

3.4.2.1 Problem Definition

The second stage of modifications began with an assessment
of the capabilities of the present standardizer and Label
Recognition Logic. The present subsystems were designed to
identify labels which had signal returns as low as 1% of those
from a new label. However, a significant number of the degraded
test labels received from the railroads had pulses more than ten

times lower (5 milliwolts)} than this threshold and, in some
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cases, were barely distinguishable from the background noise. In
addition to the threshold limitation, the unusually strict
requirement on false alarm jates had led to a design in which
partial label reads were discarded during each scan with no
provision for scan-to-scan correlation. This situation, and
recent advances in microcircuit technology, suggested a major
medification of the system detector. Also, the use of a
microprocessor and memo:ly could allow for the utilization of

partial label data in a scan-to-scan correlation scheme.

3.6.2.2 System Considerations-

F.8.2.2.1 rSignai-Characterizatiam

The new optics design proven feasible at DOT/ISC has

decreased the noise from internally scattered light to the point
where it is no longer a significant limiting factor in the
present design. The choice of photomultiplier and front-end
amplifier fixes the electronic noise level. An examination of
the present system signal characteristics shows that the system
is not white-noise limited. Instead, as the labels get more
dirty the signals are not greatly attenuated but become wgpikey"
(as an example of this see Figure 11j. anartunatalﬁ, this is
precisely the type of signal with which the present system is
jeast able to cope {see manufacturer's description of present
OACI system Pulse Standardizerj.

Another characteristic of the signal return from dirty

iabels is that the return is stronger at the top of the label
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than at the bottom. This is attributable to the fact that the
bottom of the label tends to accumulate more dirt than the top
{see Figure 12}. This spatial attribute of the signal causes the
present system to reject readable labels because it cannot read
the start pulse.

The requirements for system improvement are {1} to improve
the detection of the stripe signals within this spikey noise

environment and {2} to collect and use partial label information.

3.4.2.2.2 Filtering and Detection
The noise characteristics of degraded labels are difficult
mdﬁmmemﬂﬁkuw‘awwu¢a%mmMMWu&wyﬁ
attacking the problem of filtering and detection is as follows:
1. The signal plus noise within a stripe window T{s) {see
Figure 13} is averaged.
2. The noise in the Black Spacer window T{b) is averaged.
3. The differences in the averages of 1 and 2 are compared
to determine the presence or absence of a colored
stripe.
4. The relative magnitude of these averages are compared
between modules for both the red and blue channels.

Using these comparisons the module is decoded.
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3.4.2.2.3 System Implementation

A number of problems are immediately apparent when one tries
vo implement the filtering and detection scheme described above.
These are as follows:

1? The decision threshcld voltages for deciding the
presence of a color stripe, based on the averaging
techniques discussed above, must be significantly more
gsensitive than that employed by the present system.
Significantly lowering the threshold margin will cause
increases in false label readings unless the process is
gated ON (Enabled)} only during the presence of a label
and in synchronism with the code modules.

2. The stripe and spacer time windows, T{s) and T{b} {see
Figure 13), vary as a function scanner range and angle.
The "ideal" averager, assumed to have an impulse
response hi{t} as shown in Figure 14, has an averaging
period, Ty, which varies with range and angle.

& number of feasible systems have been proposed toc sclve

these problems, two of which will be briefly described here.

3.8.2.2.%

J.8.2.2.%.1
This system concept can be conveyed with the help of Figure
15. This system has four major subsystems.
Te Red and Blue Channel receivers.

2 The Lahel Locator.
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3. Module Processor.
. Post Detection Processor.

The receivers pre-condition the red and blue signals. They
are composed of the photomultiplier tubes, line drivers, and
filters.

The label locator has an input which is the sum of the red
and blue photomultiplier receiver signals. This signal is passed
through a low pass filter with a cut-off frequency of 200 kiz
[{£f = /T {nin) ] where T{min} is the minimum pulse width of a
stripe module - approximately 5 psec. The filtered signal is
then threshold detected creating a series of equal amplitude
pulses. The long coherence time of this signal is well suited
for the matched filters available in LSI circuits using Charged
Coupled Devices (CCD}. The output of the threshold detector is
fed to an array of CCD Matched filters each tuned to a different
frequency and dividing the total range of signal frequencies into
equal parts. The matched filter array shifting and sampling
frequency is controlled by a nonlinear clock which compensates
for the variation in label scanning rate. The matched filter
outputs are peak detected. The filter with maximum cutput is
jdentified and the time {relative to the sync pulse at the
beginning of the label scan) that the peak pulse occurred is
recorded. This information is then fed to the Post Detection
Processor.

Each Module Processor channel starts with a signal averager

that averages over a time period equal to the time period of a
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minimum stripe width - 3 pusec. The output of the averager is
sampled at a rate of at least 6.66 x 105 {= 2 x 1/3 x 108}
samples per second.

at the end of a scan the Post Detection Processor has the

information needed (signal frequency and time location of the
label} to assemble the correct number of samples into stripes and
modules and finally into a label.

The problems found with this system are:

{a} It requires either a high throughput processor to
process the data before the beginning of the next scan,
or a great deal of memory.

(b} The signal averaging circuits average only over the
minimum possible stripe period so that most of the time
they are not matched to the stripe pulse period.

The distinct advantage is that it can operate over a single

scan which can be an advantage with fast moving trains where time

is available for only one Or two scans.

3.4.2.2.%.2 Two-Scan System

The one scan system described above was rejected in favor of
a2 more nearly optimized system such as shown in Figure 16.

From Figures 15 and 16, it can be seen that the major
difference in the two systems is that the two-scan system uses
the data obtained by the Label Locator on the previous scan to
optimize the signal processing and module decoding in the present

scan. The inputs to the Post Detection Processor are thus
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improved estimates of label module timing and identification in
real time.

The Label Locator Subsystem for this system functions
similarly to that of the single-scan system. The red ané blue
filtered photomultiplier output signals are summed and sent
through a threshold detector. Then this one-zero gquantized
s’gnal is applied to an array of matched filters the outputs of
which are peak detected. The outputs of the peak detector
circuit contain the information needed to obtain the identi-
fication in the Frequency Identification block of the particular
matched filter which had the highest peak. The time that this
maximum occurred {on the previous scan} is computed in the Timing
Generator block. The Timing Generator alsc outputs a pulse P{c}
which identifies the start of the first module of the present
label.

The System Clock block provides fixed timing to both the
Frequency Synthesizer and to the Timing Generator. The Freguency
Synthesizer provides the C; clock signal {which is a function of
the Matched Filter peak filter fregquency) to the Signal Stripe
Averagers and to the Tapped Delay Lines. <C; has a constant
nunmber of cycles per stripe signal regardless of where the label
is with respect to the scanner. Since Cy drives the signal
processing channels, these channels operate as though the signal
inputs were of a constant frequency. This attribute allows for
an optimized Signal Averager and a Module Timer that can

resynchronize itself during each module signal time.
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In the Module Processor Subsystem, the gain of both channels
is set {(by the V, signal) to the average level of the complete
label on the previous scan. The Signal Stripe Averager is a
stripe signal preprocessor that decreases the bandwidth reguired
in the Tapped Delay Lines by effectively allowing them to
disregard the black spaces between modules. For each channel,
the Module Decoder looks at the following four sets of two analog
signal levels supplied by the Tapped Delay Line circuits:

1. Pre-module Black Level (ARO, ABO)

2e First Stripe Color Level {AR1, AB1)

3. Second Stripe Color Level {AR2, ABZ}

G Post-module Black Level {AR3, AB3}

Sixteen functions, F1 through F16, are formed in the Module
Decoder as simple arithmetic combinations of the eight signal
levels enumerated above. Corresponding to each tunction, there
igs a set of four digital signals {R1, B1, R2, B2} indicating a
module color combination as shown in Table 2. Th2 module
decoder outputs continuously the four bits R1, i1, RZ, B2 that
correspond to the function having the highest peak value. The
function with the highest peak is, of course, changing with time.

The Module Decoder/Peak Detector forms yet another
arithmetic combination (equal to 0.8 (R1+#B1) + R2+B2) of the
stripe signal levels. When this function peaks, the Module
Decoder output is latched into the appropriate module storage
location {(see Table 2) in the Shift Register Buffer that is

currently in the write mode. This is done for each of the
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thirteen label modules. The source of the other data stored in
the Shift Register Buffer is indicated in Figure 16.

TABLE 2: <CODE TABLE FOR MODULE DECODER CUTFUT

Rg B, R; By Color of Color of
Half Stripe 1 Half Stripe 2

F1 o a 0 0 White White
F2 g L6 g 1 White Blue
F3 G 4 1 0 White Red
F4 0 ¢ 1 1 White Black
F5 0 1 0 0 Blue White
F6 o 1 0 % Blue Blue
F7 o 1 1 0 Blue Red
F8 ¢ 1 1 E Blue Black
F9 1 0 ¢ 0 Red White
Fi0 i 0 ¢ 1 Red Blue
Fi1 1 1) 1 0 Red Red
Fi2 1 0 3 1 Red Black
Fi3 1 1 Y ¢ Error white
Fi4 1 1 0 1 Exrror Blue
Fi5 % 1 1 Y Error Red
Fi16 1 % 1 1 Error Black
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Upon completion of the label scan, the PDP reads in this
data and releases the other buffer for next scan writing. This

is done by resetting the Module Timer when PC goes low.

3.5 Experimental System Configuration

The experimental system chosen for this demonstration
project uses a two-scan mode to achieve a more nearly optimal
label detection capability. Referring tc Fiqure 16, it can be
seen that the two-scan system uses the data obtained on the
previous scan by the Label Locator to optimize the signal
processing and module decoding in the present scan. The major
differences between the experimental system and the two-scan
system described above is that the Label Locator is implemented
using digital logic and timing rather than an array of matched
filters and Standardizers replace the Tapped Delay Line
circuitry.

The sysieom block diagram is shown in Figqure 17 and the
timing relationships between the data and control signals are
shown in Figure 18. Using these two figures, an outline of the
functions of the various system blocks can be given.

it is assumed that the wheel and block signals have been ON
and the scanner is up to speed. At some time later, a Sync pulse
occurs which initializes the circuits in the Digital Label
Locator. After the occurrence of the Sync pulse, the Label
Signal components are sensed by the receiver channels. The start
of the Label Signal is marked by the occurrence of the start
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module signal at time T (st} relative to the Sync pulse. The
start module is followed by ten data modules, a stop module and a
parity module. The time of the occurrence of the stop module is
denoted by T{sp)} and the label time length by T{LL}. &1l these
time variables, T{st), T{(sp}, and T(Ll}, are a function of the
geometric relationship between the scanner and the label. As
indicated by Figures 17 and 18, the Digital Label Locator
operates on the incoming label signals in real time and, at the
end of the label signals, stores the important label timing
characteristics. These data are then used to generate the
timing, gating, and clocking which is used in the successive scan
tC optimize the signal detection and decoding process in the
¥odule Processor Subsystem.

A microprocessor is used for multi-scan correlation of the
large number of label identifications and to derive a confidence
indication for each scan. For the train speeds usually
encountered in the wvicinity of the OACI system (speeds above 40
miles per hour are extremely rare), ten identifications are
-usuaiiy available. The most likely identification and the

associated confidence are then stored as the car identification.

3.5.1 Digital Label Locator Subsyscem

The function of the Digital Label Locator Subsystem is to
generate the timing for the Module Processor Subsystem as
discussed in Section 3.5.2 below. There are alsoc the partial

label data requirements that label data be accepted if at least
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seven Data Modules are detected and either the start module or
the stop module or both are detected.

3.5.1.1 Digital Locator Functional Descri

tion

& functional overview of the Label locator is shown in

Figure 18. Figure 19 shows the signal interface between the
Digital Label Locator and the Module Processor Subsystem.

The inputs to the Digital Label Locator Subsystem are the
Sync pulse from the Scanner Subsystem and the standardized pulses
which are tested for the occurrence of start or stop modules by
the Start/Stop Module Detector. The standardized pulses are also
used to measure the time between modules by the Intermodule
Period ({IMP} Detector as shown. The outputs of this circuit
block are digital words representing the IMP's and pulses
indicating valid single and double intermodule times. The IMP
Detector also includes the system clock. All these signals are
summed and processed in the Label Recognition Logic to obtain the
average module spacing.

At this point, referring to Figure 19, a number of needed
time measurements can be identified. In addition to the IMP
measurements, the time TS is generated in the Label Locator. TS
is the time from the occurrence of a sync pulse to the occurrence
of a start module if detected, or to the occurrence of a stop
module if detected and the Label Flag is set. Other timing is
generated in the Module Processor Subsystem as described in the

next section.
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The outputs of the Digital Label Locator are {as shown in
:F‘iguris1 19):

1. Clock Signal

2. Sync pulse

3. Start flag

4., Stop flag

5e Label flag

6. Time to start or else stop (TS}

7. Average Intermodule Period {(DTH)

8. Number of Valid Modules {DM}.
The basic Clock freguency is 10 MBz. The Start Flag is set if
the Starts/Stop Module Detector senses a start module. The Stop
Flag is set if both a stop module is sensed and the Label Flag is

set. All flags are reset prior to the next labeli scan.

3.5.%1.2 Start/Stop Detector
The red and blue standardizer outputs are monitored by the

Start/Stop Module Detectors. The elapsed time is measured
between the leading and trailing edges of the Red and Blue {Blue
and Red) wvideo pulses and compared to acceptable limits to
determine authentic start (stop) modules. This circuit block
outputs a Start Flag {initiated on completion of recognition of a
start module} and a Stop Flag {initiated on completion of

recognition of a stop modulej.
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3.5.1.3 Intermodule Period Detector

As shown in Figure 20, the Red and Blue standardizer outputs
are_ad&e&'together with an OR gate and the resulting wideo signal
is the signal source for determining the Intermodule Period
{IMP}. The pulse time diagram and the expression for determining
IMP is shown in the lower left of Figure 20. The pulse time
widths of two successive video pulses are a&dgd together and
averaged [ (TH(N-1)+#TH{N))}72]}. This result iﬂﬁigen.aﬂ&ed to the
time between these [the low time T{L} ] to get IH?: If the video
pulses remain high or low too long then the.countéig which are
measuring these elapsed times overflow and qenerate*hg invalid
pulse time. These measurements of IMP are then compaégd to
minimum and maximum acceptable times for both single ané~douh1e
IMP*s. The outputs of this circuit block are:

1e Start Flag {initiated on completion of recognition of a

start module}.

2. Stop Flag {initiated on completion of recogniticn of a

stop module) .

3. IMP Digital Word (10 bits).

4. Valid Single IMP (output latch clocked 0.6 usec after

end of combined video pulse}.

Se Valid Double IMP (same timing as for walid single IMP}.

6. Invalid Pulse (Reset of Valid IMP circuits occurs when

detected) .

The system Clock is alsoc contained in this circuit block.

The basic Clock output is a 10 MHz pulse train.
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3* 5! 1.4

In any one scan the Label Recognition togic collects the
signals needed to determine both the acceptability of a label and
information indicating the quality of the label information
obtained. If an acceptable label has been recognized, the Label
Flag is set. The number of valid modules {m!; is takeh as the
measure of label information gquality.

The functional diagram of the Label Recognition ingic is
shown in Figure 21. The valid double (D) and single {C) IMP's
are counted and added together obtaining the total number of
valid intermodule periods M. A Label Flag is set only if at
jeast a minimum number (7} of IMP's are detected (Min. Mj out of
which a minimum number must be single INP*s (Min. C). A Start
Fiag is set by the Start/Stop Detector only if a start pulse
occurs before a Label Flag is set and a Stop Flag is set only if
a Label Flag has been previously met. The INP accumulator and
counter is cleared each time a stazh:madula.iasﬁttectta and
inhibited when a stapénaﬂule-is-ﬂatected-and'the.Labelekiaq is

3454135 ALt/S
The average 1nternndn1&;peribd is calcuiateﬁ in this circuit
block by summing the individual IMP's, both single and double,
anﬁ-ﬂiviﬁing'thitfsﬁm!hy=£he=totai'nunber'ai=nnﬁu1es detected,
BM. This calculation is detailed in Figure 19. The output of
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the IMP circuit is the average intermodule time period and is
designated DTM.

The TS counter circuit is shown functionally in Figure 22.
This counter is reset and enabled at the occurrence of & sync
pulse. This counter counts the 10 MHz clock (0.1 usec
resolution} until the occurrence of a Start Flag. This data is
then latched and made available to the display buffer circuits
described in Section 3.5.2.2.

If no Start Flag occurs then the TS counter continues to
count until the occurrence of a Label Flag. At this event the
counter is interrupted from counting for exactly 16 clock cycles
of the 10 MHz clock. This is ample time faor counter carry
propogation to occur and the time needed to latch the contents of
the counter. The counter and latch controller then inserts a
carry at the input to the 5th stage of the counter (adds a count
of 16} and then enables the counter to continue. If a Stop Flag
occurs, the counter is again stopped and its contents loaded into

the latch.

3.5.1.6 Display Buffer
The Display Buffer (see Figure 23) buffers the output data

from the Digital Label Locator Subsystem to the Buffer Memory.

In addition to this simple function, it also grades the data
received during a particular scan and, in real time, latches the
data having the highest "guality factor" into the output latches.

This function serves to filter out much of the false label-like
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signals. The "quality factor™ is simply a digital word whose
first and second bits, respectively, are the Start and Stop Flags
whose next four bits are the four-bit word (DM} representing the
number of valid modules detected during the current scan.

The current guality factor is loaded into the Input Latches
by Strobe 1 which is a pulse delayed from the occurrence of a
Label Flag. This current gquality factor is then compared with
the previcusly highest quality factor residing in the Display
iatch. if the present guality factor is higher - i.e., if B>A -
then the outpuet (A<B} of the compare circuit goes high and, on
the occurrence of the Strobe 2 pulse, the current quality factor
is strobed into the Display Latches. Simultanecusly, the
currently generated DM and DTS data, associated with this new
highest guality factor, is strobed into the Output latches.

The output from the Digital Label Locator Subsystem
consists of:

T 2 bit STATUS wheie

g0

No Start or Stop Flag
01 = Start, no Stop Flag
10 = Stop, no Start Flag
11 = Start and Stop Flags
2. 4 bits - number of IMP's
Fe 4 bits - average IMP

4, 14 bits - time from sync to flag as specified below:
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STATUS TIME TC

ag Label Flag
01 Start Flag
10 Stop Flag

1 Start Flag

{Last Significant Bit = 0.2 usec}

3.5.2 Module Processor Subsvystem

The two major blocks of the Module Processor Subsystem are
the Gate Generator and the Buffer Register. These blocks are
described below in the next two sections. Figure 24 shows an

overview of the Module Processor Subsystem and its relationship

to the other subsystems.

3.5.2.1 Gate Generator

A block diagram of the Gate Generator is shown in Figure 25.
The sole function of this circuit block is to generate two label
signal timing pulse streams, G! and G2, as shown in Figure 26.
These pulse streams are used on the next scan to time the
s?npling of the red and blue standardizer outputs in the first
half module {G1) and in the second half module (G2} for each of
the thirteen Label modules.

One principal computation performed by the Gate Generator is
that reguired to obtain the Start-of-Label time {T(SL} }]. This
requires the computation of the average module width, M¥, and

Label Length, LL. MW is obtained by taking six-elevenths (35/64
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is actually used to approximate 6/11) of the average Module
Spacing, MS, since this ratio is a constant. (MS is just the
Average Intermodule Period, uTM.} If a start module is detected,
T{SL}=TS=-MwW. 1If a start module is not detected but a stop module
is, then to obtain the Label Start Time, T{SL}., the Label Length,
Li, and one module Width, MW, must both be subtracted from TS,
T{SL}=TS~MW~LL. The Label Length is obtained by multiplying MS
by eleven which is the number of modules from the end of the

start module to the end of the stop module.

3.5.2.2 Data Buffer

The Dats Buffer circuit block buffers the data generaved by
the Laopel Locator and latches the red and blue standardizer
outputs into the buffer at times indicated by the G1 and G2 pulse
trains. This double buffer register is shown functionally in
Figure 27. This diagram shows how the standardizer outputs and
the Digital Label Locator Subsystem are connected to the Post
Detection Processor through the Data Buffer interxrface. As shown,
the Data Buffer Register consists of two 16-word by 8-bit shift
registers along with the data latch/formatter, one multiplexer
and the buffer select control. 2lso shown for completeness is
the interface between the PDP and the 4-bit control register
which contains the wheel and block detection and motion direction
information.

The PDP receives the data on an interrupt basis via two

interrupt channels. The first, Interrupt 1, is generated when
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one of the buffers has been loaded and is ready to be processed;
the second, Interrupt 2, is generated by the control register
whenever its status changes.

The interaction of the Data Buffer and PDP is now described.
When che Digital Label Locator finds valid label data, it loads
the first 3 data words into the buffer register selected for
loading. Table 3 shows the data structure. If there are no
data, these words are all zeros since the register previously
read by the PDP is filled with zeros at this point. If there are
valid data, a latch i3 set for the Module Decoder which loads the
13 words of module information into the buffer. When the buffer
has been loaded, the INT line of the PDP is latched true {low =
true} and the two fiip-flop switches are activated so that the
buffer that was just loaded becomes available for reading, and
the buffer which was read py the PDP becomes the one availaple
for loading.

On interrupt, the PDP returns an interrupt acknowledge
{READY} and the hardware sets the INT line tu false. The PDP
then disables its interrupts internally and loads the buffer
which is full of data into memory for processing. Interrupts are
re-enabled as soor as the transfer is complete.

The four-pit control register generates an Interrupt 2
whenever its state changes, which is latched true on the PDP INT
line. The PUP acknowledges, causing the latch to be reset,
disables interrupts internally, reads the register, and re-

enables interrupts.

63



b

AORI

GISTER

b

14
15

o

TABLE 3.

SHIFT REGISTER CONTENTS

PlART|p QR DTS (6 MSE)
DTS (8 LSB)

CONLIDENCE (oMy | MODULE WD (DTN

ke Bl | Rz | B2

RL | B1 | Rr2 | B2

RI 4 81 | Rz | &2

R1 | B1 | r2 | 82

DON'T 1§ Bl R2 B2

Ui g1 | Rl 2 | B2

Rt {m a2 | B2

Ri I By | r2 | g2

: R Bi R2 B2

R1 | Bl | R2 |B2

Rl | B1 |m | B2

RL | Bl | R2 | B2

R 1 frz | w2
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Table 3 shows the contents of the shift register that is
icaded and ready for output. The first word loaded, which is
also che first word read by the PDP, is at the top {(first in,
first out processingj}.

The word structure is as follows:

Wword 1: Start bit, stop vit, and the high order 6 bits of

the time interval, DIS.

Word 2: The low order 8 bits of the time integval, DTS.

Word 3: 4 bits of confidence, DM, and 4 bits of module

width, DTM.

word 4:

through 4 bits of module detect data for sach of the 13

word 16: label modules; R1, El, RZ2, B2, whers:

r1 = red detect true for the first stripe
B1 = blue detect true for the first stripe
R2 = red detect true for the second stripe

B2 = blue detect true for the second stripe.

3.5.2.3 Detailed Circuit Diagrams

Detailed circuit diagrams for all the circuit functions
described in Section 3 are included in the form of engineering
sketches in Appendix IA of this report.

keferring to the System Block Diagram of Figure 18, the
circuit diagram drawing numbers are listed pelow for the various
system functions. zach drawing has a G&S Systems, IncC., drawing

number as indicated below:
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A. Digital Label Locator Subsystem

300255
300256
300257
300258
300259
300262
300275
B. Module
300266
300268
300281
C. othez

300264

IMP Detector and Clock

Start/Stop Detector

Label Recognition Logic

Label Location Calculator

Label Locator Display {(used only for test)
Display Buffex

Timing Generato:i

Processor Subsystem

Gate Generator-h
Gate Generator-B

Buffer

Power Distribution, Grounding, and later

connect

3.6 Post Detection Processor Software

The function of the PDP is to collect the label data from up

to 64 scans of a given label and to process this data to obtain a

pest estimate of the contents of the label. To accomplish this,

the PDP must have the necessaxy hardware - Read Only Program

Memory, Random Access Memory, input/Output, etc. = and software.
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3.6.1 Microprocessor Hardware Overview

The microcomputer board chosen for the test systéem is the
Zilog Z80-MCB. This is a commercially available microcomputer
based on the Z80-CPU microprocessor and ius family of support
circuits.

The product specification for this microcomputer board and
for the microprocessor that is used on this board can be seen in
Appendix I.D.2. A block diagram of the 280-MCB board is shown in
Figure 28. The board contains 4K bytes of PROM/ROM/EROM, 4K
bytes of dynamic RAM, the Z80-CPU, a serial 1/0, a parallel 1/0,
and a counter/timer circuit. It alsc contains an on—-board 19 MHz

clock and buffers for the data, address, and control buses.

3.6.2 Software Description

After analysis and testing on the label location and reading
hardware using SOACIS and associated test bed, a label reading
software algorithm was developed. The best performance was found
using a multistage process to read the labels. The basic
philosophy was one of ™pest guess™ at each stage, the later ones
being required as a "tie break" when several scans gave egually
good best quesses at earlier stages.

The first stage takes the input data for one scan and
reformats it. Using a table driven modulo arithmetic, the parity
for the digits is calculated. If the calculated parity checks
with that read in the confidence of the scan, the label

confidence is increased accordingly.
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The parity calculation is done with simple shift ard adds
witn module 11 tests. aowever, as more varied parity
calculativis are needed a table driver runction is ussd. This
function takes the strije number and digit value as input and
teturns cthe change (modulo 11) in the parity value. This is
similar to the nomograpt used in the field.

The second stage eliminates those scans below a wmir iirum
contidence. The level chosen was determines from the backiruund
naise level ana is used to eliminate processing on obvious
gartage.

This is a simple tnresholding. This stage and the previous
one are combined into a single interrupt driven procedure. The
output (it cny} is & call to the procedure for the third stage.

The third stage compares Successive scans with stored scans
and chooses the ones with the higher confidence. 1In the case of
€gual contidence levels, all scans are saved for the next stage.

This procedure maintains a list of scans {zero or more} with
the same confidence. When called with a scan, a COmpar.son is
made with the list confidence; if the list is higher, the scan 1is
ignored, 1f the scan is higher, the list is thrown away and the
$car. 1s kept as the new list. If the contidences are the same,
the scan 1S added to the list.

The fourth stage compares the time of arrival (location) and
pulse spacing {distance}. If these differ significantly, the
readings reflect different objects and are processed separately.

I1f the values are approximately the same then the data are to be
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regarded as scans of the same label and will be processed
together. The cutput from this stage are sets of related scans
giving stripe color, confidence, and location.

This procedure takes away the list [possibly empty) and
sorts the scans into disjoint ssts. It then calls the procedure
for the fifth stage for each set.

The fifth stage counts the number of scans and calculates
the per-stripe deviation. The individual stripe readings are
compared across the scans. If all are the same color, the stripe
is read; if several colors are present, a majority vote is taken.
Ad justmen:. is made for the leading start and trailing stop
stripes. The resviting reading reduces the object scan data set
to a siugle stripe digit reading and a second most likely digit
(if any}, for each stripe, a count of the number of scans, a per-
stripe deviation, and a total average deviation for the presumed
label.

Thi + procedure processes and condenses the scan set into a
proto~label ard invokes the procedure for the sixth stage. The
sixth stage che ke the parity on the cutput of the fifth stage.
If the parity checks, then the primary reading is taken for each
stripe. If the parity does not check, then one or more stripes
are !.n error. An attempt is made to "correct™ the misreading.
The stripe with the greatest deviation is the "most likely®
candidate. The alternate digit for that stripe is tried. If the
parity now checks, that is the correct reading. If not, then the

alternate digit for the stripe with the second greatest deviation
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is tried. Attempts may be tried for all one~stripe digit
changes. If none work, then two-stripe digit changes could be
tried. This continues until parity chdcks or the maximum number
of saifts is reached. In the latter case, the primary reading is
taken. The final output of this stage is a set of stripe
readings, a scan count, a parity check flag, and a label
confidence. The label confidence is adjusted from the average
stripe deviation, the numper of scans, the parity check, and the
number of digit shifts required. This procedure does the color
correction and data judging. Possibly several tries on the
parity check will be necessary. Using the table driver function,
thne parity check may be done by subtracting the function value
for the current stripe number and digit then adding the value for
the new digit (all modulc 11, of course). After making the
correction, if any, the procedure is called for the seventh
stage.

The seventh stage collects the "label™ readings and
correlates them with the track sensor data. For these test
purposes, the best label reading for each "car®™ is chosan
{subject to & minimum threshold). In the field case, this stage
would take care of multi-label cars. This maintains a best
reading. When called with a reading, a comparison is made and
the best kept. In field work there might have to be a list of
readings to take care of multi-lakel cars. By an apt choice of
data formats, use of index pointers, and pure code, this

procedure could be the same procedure used in stage thre<. There
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is a threshold below which the reading is kept. The eighth stage
is the Hy-format and buffering. This procedure is activated by
the track sensor and takes the list {zero or one element length)
from the seventh stage and does the formatting and buffering for
TTY output. Given that eventually all this software as in ROM,
the code is written as pure code and suitable use of procedure
control blocks will allow re-entrancy. This is desirable from
the point of view of ease of coordination of asynchronous
interrupts and software robustness. Semaphore locks are used to
control the flow to the various stages. A simple monitor is used
to select the various procedures with interrupts activating the
ist, 4th, and 8th. The interrupts do the minimum processing
needed, the rest of the flow being done by the monitox and
semiplores. A judicious choice of data formats allow "plug-in"
removal of stages 4 through 7. A simple fixed block size linked
iist arrangement is used as a dynamic memory allocation process.
The results of this entire process are toc take the best data,
partition it into sets that pertain to speciiic cbhjects {proto-
label}, make the best guess as to the value of objects as labels,
and read them. Then select the reading, with corrections, with
greatest consistency as a label. This yields a label reading
that uses all available data with higher levels of sophistication
being applied if sufficient "noisy" data is input. At each stage
the most likely grouping and processing is used. This will yield
meaningful results down to the system noise level. The multi-

stage approach gives a maximum improvement in signal to noise.
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The absolute threshold levels at the varicus stages allows the
cutoff point to be Set an an acceptable false alarm rate. The
system will read the maximum number of labels for that threshold
level; the choice of thresholding at the wvarious stages allows
the *fine tuning" of the system in the sense of rejecting special
cases caused by particular situational problems (sucn as sun
reflecting off a corregated building or morning glare through
slatted stock cars). The successive improvement, using
additional data and features of the data, allows the system to
achieve maximum performance in the presence of hardware failure
which increases noise and lowers sensitivity. The multi-staging
allows maximum flexibility in canned software. It also allows
tor a significant increase in system software throughput {as
would be regquired for multi-label car processing} by a simple use ,f
maltiple processors in a pipeline arrangement. Analysis of test
runs on this approach indicate that a field improvement of 1.5 to
1.79 can be expected under normal conditions. Greater yields

would be possible in special adverse circumstances.

3.7 Improved Optics

3.7.1 Background

Early in the project a study of the OACI optics system was
initiated. The objectives of this study were to:

1s Determine areas and magnitude of potential improvements

2. Reduce the more promising improvements to hardware
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3e Evaluate the improvements in terms of performance under

controlled operating conditions.

3.7.2 Analytical Studies

In support of the optics system studies, an analytic study
was conducted.* Calculations of the individual and combined
transmittance of elements in the transmission and reception paths
were made. Estimates were made of the potential for improvements
of the total optical transmittance. Estimates of the output
power expected from the detector from internal and external
scattering were made. It was found that the level of internal
scatter was significantly larger than would be expected from the

optical surfaces alone.

3.7.3 Desiqn Improvements

From the results of the analytic studies and from a review
of available state-of-the-art optical components, a number of
improvements were implemented. Some of these first stage
improvements were implemented and have been discussed previously
in Section 3.4.%1.1. These improvements are:

1. A new arc sgurce

2. A half-silvered mirror beam splitter

3. Flatter folding and rotating mirrors.

*reference "Optical Throughput and Scattering in Optical ACI
Systems, " R.S. Kennedy, May 1977, Contract Working Paper,
Material on File at DOT/TSC.
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3.7.4% Final Modifications

In addition to these three improvements, several others have
been implemented. The effects of these improvements on the
optical configuration can be seen by comparing Figures 29 and 30.
Figure 2% is a schematic of the present system showing the
pierced mirror configuration. Figure 30 shows the modified
optics system which reiflect the modifications listed above and
the more recent modifications listed below.

4. The light source (Arc} passes through a lens and
aperture combination which shapes and defines the
scanning beam. The source fields of view of the
present system and the modified system are shown in
figure 31. As these graghs show, the modified system
has a beam intensity which is at least as bright as
that of the present system while requiring less power.

5. The half-silvered mirror beam splitter (Modification 2)
allows further improvement through the use of a larger
receiving aperture without sacrificing the
effectiveness of the lamp (SOurcej colliimator.

6. A new receiver lens (lens 1} with a larger cptical
collecting area is used.

7. New baffling and light trap designs are used that have
reduced the scatterec light. Measurements have been
made which indicate that the noise caused by scattered
light in the modified system is 3 db less than the

noise from the black lakel background.
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5. An infra~-red filter has been placed in the red channel
in front of the red PM. The addition of this filter
decreases the cross talk between channels. It also
allows the red PM to operate at a reduced temperature
thereby reducing the noise caused by thermal effects.

9. Finally, the PM's have been replaced with units having
greater sensitivity at reduced noise.

A comparison of receiver output characteristics for the

present and improved system is given in Figure 32.

3.8 Other System Characteristics

The Wayside System is composed of block and wheel sensors
and the Scanner System. The block signals indicate tc the
Scanner System that a train is coming. The presence of a car is
signalled by a wheel sensor and the reflected light from the
labels is read by the Scanner System which consists of a Scanner
Head and a Signal Processor as shown in figure 33. Electron-
ically encoded label identification signals are formatted and

transmitted for use by the railroads.

3.8.1 Interface Regquirements

The Scanner System receives its power from the primary power

distribution system on the rail wayside. The scanner system is
isolated from the electrical effects of storms with a iightning

protecting device. The Scanner System transmits a coded signal
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FIGURE 33. TwO-BOX (MODIFIED) SCANNER SYSTEM WAYSIDE INSTALLATION
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with label identification information to a receiving station

remote to the rail wayside.

3.8.2 Operating Voltaqge and Power Requirements

The Scanner System shall meet its performance specifications
with single phase AC power at 120 VAC #10% at a line frequency of
60 Hz #5%. Input power will be less than 500 watts and the power
factor will not be less than 0.7. The three wire input power
cable to the scanner system shall contain a separate ground wire

which shall be connected to the system boxes.

3.8.3 Power Outaqge

The software for normal operation of the two-box
microprocessor scanner system shall not be destroyed if power is
removed from the system. Immediately upon restoration of power,
the system shall begin operation without the use of human
operator assistance. The electronics shall be automatically
initiated, there shall be no need to reload the programs, or

reset clocks.

3.8.4% Power Conditioning

Protection from primary power variations (see Section 3.8.2)
may be supplied by a single device servicing two or more Scanner

Systems.
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3.8.5 System Reset

The Scanner System shall be automatically turned on when a
train is in the detection zone and off when the train leaves the
detection zone. The detection zone is that block of track where

the Scanner System 1is located.

3.8.6 Input Signal Cha;act&ggstics

Block and Wheel Sensor inputs are normally open relay
contacts which are closed only by block or wheel sensor signals.
These inputs are protected from lightning and electromagnetic
interference DY opto-electronic signal isolators located in the

Scanner System ({(lower DOX) -

3.8.7 gQutput Signal Chagacte;istics

The communications interface will, at user option, output
information from the Scanner system in any cf the following
signal standards:

1. pemand Baudot or ASCIl
2. Real Time Baudot or ASCI1
3. polled IBM 1050, 83m2, 83B3, 853-A, TS-15, Sa=~140,
or TC-500.
The Scanner System output must conform to EIA Standard RS5=-232-C
over dedicated communications facilities at a nominal
transmission rate of 13&.5 baud. Data transmission rates of up

to 1200 baud are optional.
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3.8.8 Mechanical Interface
The Scanner System shall be designed for mounting as a two

boX system on a wayside pole installation as shown in Figure 33.

The Scanner System shall be designed to meet the performance

requirements even when mounted close to other Scanner Systems.

3.8.8.2 Equipment Cabinet Electricai Interface

The lower box in the Scanner System shall include a terminail
board for all electrical signal connections between the Scanner
System circuitry and all external equipment. All signals
including primary power signals shall be clearly marked and color

coded.
3.8.9 Component identification
The Scanner Systoem described herein shall include two

housings, one for the lower box and one for the upper box.

3.9 Desiqn _and Construction

3.9.1 General Design Features

The upper box (see Figure 33) shall not exceed the following
dimensions: height 264%, width 24%, depth 12%. The lower box
shall not exceed the following dimensions: height 36", width

24*, depth 12%.
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3.9.2 Selectio f specifications and
All specifications and standards, other than those
identified in Section 2.1 of this document must bDe approved by

DOT/FRA prior to incorporation in the system.

3.9.3 Materials, Parts, and Process

The Scanner System DOoXesS O enclosures will be made from
steel. No vacuum tubes except for the photomultipliers will be
jncluded in the design. NoO switching relays shall be used in the

electronic desigh.

3.9.4 Standard and Commercial Parts

The Scanner System boxes shall be constructed in a manner
providing a maximumn degree of standardization of parts. Non-
standard parts must be approved by DOT/FRA before being
incorporated into the design. standard part is defined as any

ngff-the-shelf" component presently utilized in design.

3.9.5 Printed Circull Boards

Printed circuit cards shall be made from Z ounce copper on
glass epoxy a minimum of 1716 inch thick, have gold plated
connector contacts, and shall be coated with a moisture and

fungus resistance coating.
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3.9.6 Cozrosion of Metal Parts
Metal surfaces subject to corrosion shall be given a

protective finish.

3.9.7 Interchangeabilit and Re:

The operating circuit components shall be mounted on one€
side of printed circuit boards only. cord wood coastruction is
acceptable for all but the preadboard unit. Repair will be made

by replacing circuit cards.

3.%9.8 Workmanship

The Scanner System shall be constructed in accordance with
standard good engineering Design and fabrication shall be in
accordance with the following general philosophy:

1. Test points shall be provided on the circuit boards to

facilitate maintenance and trouble shooting.

2. All manual adjustments shall be made inside the Scanner

System box enclosurel. It is desirable that the number

of these adjustments be rinimized.

3.9.% E;egg;gmagﬁetic interference

7he Scanner System must meet its performance requirements
without degradation by the electromagnetic environment of the

railroad wayside.
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3.9.10 JIdentification and Marking
The Scanner System shall have name plates which will be

marked as follows:
T QACI Scanner System
2. Either "Scanner Box®™ or *Processor Box®
3. Manufacturer name
G Serial number
5. Date of manufacturer
6. Model Number
7. Major Configuration Identification Code
{updated whenever changed}.

All test points shall be clearly marked.

3.10 wWayside Environmental Specification
The OACI Scanner System shall be capable of meeting its

performance reguirements with a minimum of environmental control.
Automatic shutdown will ensue if the environment is exceeded.
The reguired operational environment is specified in the

following paragraphs:

3.10.1 Temperature Range

The free air, steady state temperature will range from ~70°
to +138°F. The scanner system shall withstand a thermal shock of

2009F over a ten minute period within the range stated above.
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3.10.2 Relative Humidity
Five percent to 100% including condensation due to

emperature changes.

3.10.3 Altitude

One thousand feet below to 10,000 feet above mean sea level.

3.3106.4 #indg

velocity U to 100 mph at 68°F; 0 to 52 mph at -609°F.

3.10.5 Ice Loading

The Scanner Head box may be encased in 1/2 inch radial
thickness of clear ice. The optical window must be shielded from

the weather +0 remain clear.

3.10.6 Transportability
The OACI Scanner System shall be designed and packaged so

that two people can remove each of the boxes from the wayside
support pole or make a new installation in one (1} hour excluding
transportation time, assuming the new location does not require
modifications prior to the Scanner System installation.

The OARCI eguipment and associated support equipment shall be
designed for rail transportability. If shipping containers are
used to satisfy this requirement, the OACI vendor shall furnish

all necessary shipping containers. Such containers shall be
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reusable by the railrcad for subsequent shipment of the

equipment.

3.10.7 Safety

The following safety specifications include the effect On
the system Lf a component fails, the safety of maintenance
personnel, and the protection of the Scanner System from
electrical disturbances. The scope of concern includes, but is
not limited to, physical, chemical, electrical, and radiation
hazards. Alsoc equipment shall be protected fszelﬁctrical and

thermal overload for safety reasons.

3.10.7.1 Safe Failure Mode

1f the Scanner System has a component malfunction, an open
feedline, or loss of commercial power, it shall automatically
indicate the state associated with train occupancy in the Scanner

System signal block.

3.10.7.2 Personnel Safety

personnel safety shall be paramount in the scanner gystem
equipment design., construction, installation, testing, and
maintenance of the eguipment. 1t must not be compromised to save
costs. A basic rule is that the operation of the Scanner System
shall not present any hazard to personnel, either on the ground
or aboard the train {crew or passengersj . puring maintainability

design, care shall be taken that there can be no accidental
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contact of personnel with voltages higher than 28 volts. It is

also important that no sharp corners or curves exist which

present a hazard, and that the ACI systems not interfere with any

safety eguipment or safety appliances. Some examples of hazard

prevention as categorized above are the following:

1. High voltages shall be isclated to prevent accidental
contact by personnel.

2. Sharp mechanical protrusions are prohibited.

3. Grounds shall be provided for each box to eliminate the
boxes floating above ground.

&, Grouné currents and loops will be minimized to prevent
personnel being exposed to unsafe voltages.

S Safety for personnel during maintenance, fabrication,
installation, and operation will be insured by good design

and adeguate training.

3.10.7.3 Scanner Syvstem Protection and Safety

The Scanner System shall be protected against failure to
meets its performance specification caused by electrical storms
and lightning.

The possibility of eguipment destruction shall be reduced by
electrical overload sensing and overtemperature sensing. All
materials used {especially electrical/electronic components) and
circuit boards shall be of the non-flammable type and approved by

UL and CSh.
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Equipment safety shall meet U.S. and Canadian federal and
also state regulations, in addition to complying with railroad

industry, EPA and OSHA requirements.

3.10.8 Shock and Vibration

The shock and vibration environment for the Scanner Systen
is a function of the proximity to the rails and depends on the
installation foundation. The high frequency energy input from a
passing train is absorbed by the gravel ballast while the low-
frequency components of the shock and vikration are transmitted
to the Scanner System {see Figures 34 and 35). The system shall

survive the wayside shock and vibration environment.

3.10.9 Salt Fogq
The Scanner Systems may be exposed to salt fog and shall not

be affected by & repeated momentary contact with salt water, such
as may occur during splashing by external causes.

Scanner §y3tams shall not be affected adversely by being
installed near bridges over salt water bodies in an environment

of salt mist.

3.10.10 Precipitation
The rate of rainfall may be one inch per hour and may fall

at 45° to the vertical. Consideration shall be given to flooding
in the design of the Scanner System installation. The Scanner

Bystem may be splashed by water. The rate of snow fall may be

3%
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eight inches per hour and it may be in the form of blowing, wet
snow. Ice or white frost may form on exposed surfaces.
The Scanner System shall not be permanently adversely

affected by any of these occurrences.

3.10.11 Solar Radiation

Equipment design shall allow for the mean solaxr constant of
4329 Btu per square foor per hour. This will result in raising
the temperature of the rails, cars, and ground above the free air
temperature. ultraviolet radiation wiill impinge on all exposed

surfaces.

3.10.12 Accustical Noise
Equipment failure Or error shall not result when the
equipment is exposed to levels of acoustical noise at 140 ds

above 10-16 watts/cmi.

3.10.13 Spilled Lading

since a large variety of bulk chemicals in both solad and
liguid form are transported by rail, a iarge variety of chemical
spills is possible. System performance shall not pe affected by
brief cxposures to the common bulk chemicals. Examples of such
are sulphuric acid, benzene, aphydrous ammonia, chiorine, caustic
soda, liguified natural gas, bulk sugar (raw and refined), iron

ore, coal, acrylonitrile, methanol, styrene, and petro—cnemicals.
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3.10.14% Fungus and Maisture gistance

No materials shall be employed which support fungus growth.

3.10.15 Insects, Birds, Animals (including Rodents)

The Scanner System shall not be susceptible to failure or

error due to intrusion Or attack by animals, birds, or insectis.

3.10.16 Electromagnetic ;nterference and Suscegtibilitx

The Scanner System shall receive Federal Communications
Commission (FCC) and Depar tment of Communications (DOC)
certification for operation on an unrestricted basis, including
the vicinity of airports. if reguired.

The OACI system shall not be susceptible to electromagnetic
radiation over a broad range of frequencies, particulary as used
in the vicinity of airports, as used by aircraft, and as used by
the railroads in microwave communication.

The raiiroads will supply lightning protection for prime
power and for the transmission line interface. Any transient
suppression required is the responsibility of the Scanrer System
supplier.

The fields induced by diesel traction motors Or electro-
magnetic loaders of scrap iron shall not affect operation of the
OACI system. The system shall not be susceptible to AC or pcC

electric locomotive operation using 5¢ kV power.
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The system shall be usable in the vicinity of high power
transmission lines carrying up to 1,000 Amperes and operating at

up to 500,000 Volts above ground potential.

3.11 Power Dissipation and Environmental control

The power dissipated in the scanner head box and signal
processor box is approximately 200 watts and 350 watts,
respectively. This power will be dissipated in the mid-
temperature range from 0° to 40°C with conduction through the
surface of the case. Ambient temperatures higher than 25°9C can
cause a built=-in circulation fan to begin operating which will
aid in carrying the heated air from the heat source of the
electronics, motor, or arc lamp to the enclosure surface.
Ambient temperatures lower than 0°C will be compensated for by
theat from internal heat sources. The box will be sealed and no

additional cooiing and/ur heating will be necessary.

3.12 OACI Cost and Reliability

3.12.1 Introdoction

Three equipment configuradions are considered with respect
to cost and reliability. The first of these is the system (1976
revision levels} built by Computer Identics COrp. {CI}). This is
called the "present™ or “commercial" system. The second,
referred to as the Modified System, includes the modifications
tested by TSC through May 1977. The final conf iguration,

ceferred to as the Experimental System, is the set of major
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replacements designed and rested as of June 1578. The OACL
equipment of the Servo corporation of America was not available
to TSC fur performance comparison tests; however, examination of
their documentation and an in-factory inspection of the equipment
indicate that the modification costs and savings should be
similar to those of the CI system.

Modified System modif ications consist of: (1} optics
improvements; {2) a front-end amplifier with a wider dynamic
range; €3} improved shielding; and (&} an improved detector or
digitizer {standardizer) of higher stability and larger dynamic
range. The optics nodif ications include {1} a new varian arc
source, with integral ref._ector, {z} new stationary mirrors, {3}
a new spin-cube with flatter, MOrE rigid mixrors, and (&) & new
phntomultiglier (red channel} with an infrared blocking filter.

The Experimental System uses the Modified System optical,
front-end ampiifier and shielding modif ications. It, however,
replaces the remainder of the OACI detection and decouing
subsystems with two major components: {13 a label locator and
{2} & post detection pLoOcCessor including improved label reading
from multi-scan information. The Experimental System replaces
the present four-boX system with its air conditioned hut with a

two~-box sSystem mounted entirely on the railroad wayside pole.
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3.12.2 gost
3.12.2.1 initial
3,12.2.%1.1 Present System

An estimate of the field installed cost of the present
scanner system has been prepared based on actual experience of
+wo railroads on two installations: a two-scanner system for the
santa Fe Railroad (Table 4§): and a four-scanner system for the
canadian National Railroad (Table 5). The disparity in
accounting methods between these two systems necessitates a
summation of costs and division among the scanners. This results
in the allocation of the iabel data processor, hut, air
conditioning, etc., to the costs of the average scannex system.
Line entries are tabulated as reported in 1973 values and
augmented at a 6% per year inflation rate to 1977 price ievelis.
The 1977 cost totals arxe used for inter=-configuration
comparisons. S5ince all costs are in 1877 dollars, all
comparisons at different dates «ill have to be adjusted.

Table IV details the Santa Fe installation which yields an
average scanner <ost of $54,498. Table 5 details the Canadian
National installation which yields an average scanner cost of
$40,600. The range of $40,000 to $54,000 is regarded as a

reasonable range of installed costs.
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TABLE 4: PRESENT SCANRER MATERIALS COSTS
{SANTA FE}

iTEM PARIS LABOR TOTAL COST
{1973} {3973} {19771
2 Scanners 66,000 1,200 67,200 83,328
Hut with Standby fower 8,500 1,100 9,600 11,904
site Preparation 750 1,750 2,500 3, Yo
Fencing 600 1,000 t1,600 1,984
Track Circuits 5,000 2,000 7,060 8,680
TOTAL $108,99%96
Average Cost Per Scanner §54,u498




5 PRESENT SCANNER MATERIALS COSTS

TABLE 5:
(CANADIAN NATIONAL)
ITEM COST

{1373} {1877}

signal Materials $13,900 $18,070
Four Scanners $64,682 $84,078
Taxes and Fees $ 7,115 § 9,250

Spares, Hut, and Air

Conditioning $25,995 $33,7%4
Labor $13,230 $17,199
$162,400

TOTAL

average Cost Per Scanner

$40,600
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3.12.2.1.2 Modified System
Since the modification group is a plausible candidate for

retrofit to existing installations, costs by item are tabulated
for retrofit and new manufacture. Retrofit costs are the
estimated component purchase cOSts without credit for old parts
{except as notedj. New manufacture costs are the difference
petween component purchase costs and the replaced component
costs. The latter are taken from Schedule A of the CI - TSC
pailment agreement and the 1974 pricing information from Computsr
1dentics to the U.S5. Government, 1977.

Table & details these costa; +he final purchased paris
costs are 34,500 for the retrofit mode and $1,735 for new
manufacture. The retrofit costs include parts, product
development, labor, and overhead. The new manufacture label

differential is negligible.
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TABLE 6: MODIFIED SYSTEM RETROPIT AND NEW

MODIFICATIONS COSTS

ITEM RETROFIT?® NEW
MFG _COSTS?
Infrared Filter 5 5
Photomultiplier 110 100
Improved Lens 260 200
Line Driver 125 5
Standardizer
Boards {2) 38490 1300
Shielding
Improvement 15 5
Arc Lamp, Housing 475 105
Mirrors 20 5
Spin Cube Assembly
{motor exchange} 50 10
TOTAL $6,500 $1,735

tRetrofit costs include parts, product development,
labor and overhead.

zNew manufacture costs are differences between the
component purchase COSts and replaced component COSts.
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3.12.2.1.3 Experimental System

New manufacture egquipment costs for the Experimental System
are detailed in Table 7. Scanner subsystem COsts are the parts
list prices plus the modified scanner modification costs (Table
6€y. This totals $21,059 per scanner.

Table & combines this number with installation cost
elements from the Santa Fe installation (Table 4) for a two
scanner installation. The total cost is then divided between the
two scanners giving an average scanner COst of $27,056. This
figure, conservatively. includes $1984 for fencing, which may not
be needed on a two-box pole mounted system. Deleting this would
give a per scanner cost installed of $26,064.

Although it is not considered advisable to completely
retrofit the present scanner with Experimental System
modifications, the retrofit costs are estimated at $17,200.

These costs, again include parts, product development, etc., but
exclude site preparation, fencing, and track circuits which would
remain unchanged. The costs also assume sSome salvagable
components in the system being retrofitted (e.g., photomil-

tipliers, motor, etc.}.

3.12.2.2 Maintenancs

Maintenance data, taken from the 1875 CRTIS studies, are
summarized in Table IX for the present commercial system. The
maintenance costs of Modified System are, conservatively, assumed

to egual those of the commercial system.
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TABLE 7: EXPERIMENTAL SYSTEM NEW EQUIPMENT COSTS

——

—
ITEM COST?

Post-Detection Processor
{Microprocessor} System $ 4,851
Scanner Subsystem $15,734
interface Unit 5191
signal Input Nest $133
Tape Unit and Interface $100
software Kit $50
TOTAL $21,058

it Inciuvdes parts, labor, product development, and

overhead.
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TABLE 8: EXPERIMENTAL SYSTEM INSTALLATION COSTS

DESCRIPTION PARTS LABOR COST
2 Scanners $4%,248 $1.200 $42, 448
Site Prep § 1,000
Fencing $ 1,984
Track Circuits $ 8,680

TOTAL $54,112

Average Scanner Cost = $27,056
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TABLE 9: MAINTENANCE COSTS -~ PRESENT SYSTEM

Rumber of Completion
Calls Type Time Cost? Annual Cost?
6 45 day 4 hrs. 120 720
3 Quarterly 8 hrs. 240 720
1 Annual %2 hrs. 360 360
11 on=-Call 5 hrs. 150 1650
parts 1650

Preventive Maintenance Subtotal 1844

TM&L..'..I.‘.“‘QSSG?Q

tLabor Rate $30/hr.

2Note: Cost assignments are 60% scanner and 40% wheel detector.
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The Experimental System reductions in maintenance costs are
itemized in Table 10. These reductions are due to the increased
Mean-Time-Between-Failures {MTBF) from 35 to 114 days (see Tabie
XI} and to a reduced Mean-Time-To~-Repair (MTTR). This permits
cost savings in five areas. First, the 45 day service call may
be reduced to 135 day calls, interspersed with the guarterly and
annual service calls. Second, assuming that one-third of the on-
call maintenance and parts costs are related to MIBF failure
predictions, these elements may be reduced by at least 25%.
Third, the use of an arc lamp with integral reflector may be
expected to remove at least 2 hours of alignment time {(MYYR) from
the guarterly and annual maintenance schedules. Fourth, a
simpler annual lamp alignment, plug-in modularity of the system
eilements. &And, fifth, less freguent replacement of major paxts
may be expected to remove another 4 hours from the annual

maintenance load.
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TABLE 10: EXPERIMENTAL SYSTEM MAINTENANCE C

0ST SAVINGS

ITEM RATIONALE SAVINGS
{Sec Table IX} FOR SAVINGS
45 day MTBF increase; replace
by 135 day
.67 x $720 5480
Quarterly MTTR decrease
2 hrs. x 3 x $30 $180
on call MTBF weighted
for failure model
.25 x $1650 $4612
Annual MTTR decrease
6 hr. x $30/hr. $180
Spare parts MTBF increase
weighted for failure
model
.25 x $1640 3418
TOTAL $1670
commercial, Modified System costs $5090
Experimental System savings $3420
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TABLE 11: RELIAPILITY FIGURES

MTBF_ [HOURS

TASK DESCRIPTION CONFIGURATION
NO. PRESENT : 9 I
5 Clean Window 450 450 450
& Retime Clock 185A 1854 B
g Reload Program 455a 455h C
¢ Replace Wheel Sensor Board 395 $%8 D
10 Replace HVPS 628 628 1500E
7 Replace Computer 802 8G2 3000F
20 Replace Arc Lamp Power Supply 263 263 5006
25 adjust Channel Gains T44 744 1000
29 {1 - 108 Board 73% 739 D
34 Replace Lamp Power Supply Fuse 1416 1416 3000G
39 Replace Optical Box 1118 1119 1119
40 €I - 103 Boaxrd 1049 1049 D
42 CI - 102 Board 896 896 D
43 Replace Scanner 753 1400 1400
49 Replace Lamp 952 20004 20008
COMBINED MTBF 35 3% 114
NOTES: A. Corrected for the fact that 1 out of & calls tor
this service regquired actual repair.
B. Function accomplished by microcomputex; item
eliminated from MTBF caiculation.
C. pProgram resides in non-volatile memory; item
eliminated from MTBF calculation.
D. peieted assembly.
E. uUpgraded power supply - C.l., 1976.
F. Reduced componant count Of MiCroprocessor.
G. New Arc lamp power supply.
H. Longer life lamp.
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3.12.2.3 Power Costs

For the present system, for a rabel Data Processor {LDP}
servicing 2 scanners, electric power costs are dominated by two
jtems: heatingfair conditioning and computer power. Heating/sair
conditioning may be estimated as 1500 watts at an annual duty
cycle of 0.4%. At $0.03 per KHW, this gives an annual cost of $79
per scanner. The PDP-8 used in the Computer Identics System,
with attached peripherals, consumes approximately ten amperes, Or
1200 watts. At $0.03 per KWH, this is a cost of $157 per year
per scanner.

The microprocessor replacement may ie expected to consume
less than 100 watts, or $26 per year. The total of these savings
is $210 per year per scanner. These COStS were not identified in
the cost saviangs for a 1000 unit 20 year use of OACI Experimental
System improvements. In the agyregate, a savings of 54,200,000
(1977 dollars) results.

3.12.3 Reliability

For practical purposes, the reliability of a system may be
obtained from the Mean~Time-Between-Failures {MTBF) of its
critical components, i.e., those with an MTBF of less than 5000
days, per the 1975 CRTIS report. Critical reliability figures
are tabulated in Table XI. The following comments are included
to explain various changes in MTBF's for the advanced
configurations. The computer program resides in fixed, non-

volatile memory, eliminating reloading requirements. The
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associated clock is protected Dy pOwer supply isolation and
filtering. Note that the real time clock maintenance calls were
exaggerated in the CRT1S report because only one cut of every
five calls actually required a repair.

The system MIBF is calculated from the companent MTIBF?s as

follows:

MTBF = (I (MI'BF}iF '] ]

where {MTBF}i i1s the MTBF for component i.

3.13 Other Data =~ Ezgggimentai System
3.i3.1 Packaging Data

The side view of the two-DOX scanner system appears in
Figure 33. The box which is mounted on the highest portion of
the support pole, the scanner nead box, includes the following
subgystems:

1. Front end line driver assembly

2+ front end signal filter ass Ably

3. Scanner head power Supply asgsembly

4. optics assembly

5. Automatic voltage control system.

The lower box, the signal processor box, nouses the following
subsystems:

. Digitai Label Locator Subsystem

2. Post Detection Processor Subsystem
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3. Madule Processor Subsystem
§. Power Supply Subsystem

The contents of the two boxes are iisted in Tables 12 and 13,

TABLE 12: SCANNER HEAD BOX CONTERTS

Scanner Head BOx {Box 1}

Front End Line Driver aAssembly

fed Photomultiplier {(PH}
Red Dynode Assembly

zed Line Driver

Rlue Photomultiplierx {PM}
Blue Dynode Assembly
Blue Line Driver

front End Signal Filter assembly

Red Bandpass Filter
Blue Bandpass Filter

Scanner Head Power Supply Assembly
High Voltage PM power Suppiy
Line Driver Power Supply
Arc Scurce POWeEX Supply
optics Assembly
Lens Assembly
Mirror Assembly
Motor Assembly
Automatic Volitage Ccontrcl System
High Voltage Power Supply control Assembly

gptical Sync Assembly
variable Gain Amplifier Gain Control
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TABLE 13: SIGHAL PROCESSOR BOX CONTIENRTS

Signal Processor Box {Box 2}

o

pigital Label LOCator Subsystem
Start’/Stop Detector
intermodule Pulse Detector
rabel Recognition Logic
Start/Stop/Time Calculator
Post-Detect ion Processor Subsystem
£80=MCB
Module Processor Subsystem
IC Standardizer
Gate Generator
pata Buffer

power Supply Subsystem
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3.13.2 §gvi§c§gggta1 Controi
The power dissipated in the scanner head boX is

approximately 200 watts. This power is easily dissipated in the
mid-temperature range from 0° to 409C with conduction through the
surface of the case {see Figure 36)}. Ambient temperatures higher
than 25°9C cause a built-in circulation fan to begin operating
which aid in carrying the heated air from the heat sSource of the
electronics, motor, or zrc lamp to the enclosure surface.
Ambient temperatures lower than (9C are compensated for by the
heat from the internal heat sources. The box is sealed and no
additional cooling and/or heating are necessary. {The existing
industry scanner has an internal power dissipation of 150 watts
and it easily survives the wayside environment of the railroad.
The new configuration includes about fifty watts more power. }

The signal pracessor box is shown in Figure 37. The maxipum
dissipation inside this box is 350 watts. Most of this heat is

carried away through the sides of the box.

3.13.3 Exterior Connections

Any electrical connection between the two boxes is made via
the interconnecting cable as shown in Figure 33. Signals which
are included in this tube are as follows:

1. The blue photomultipliex signal.

2. The red photomultiplier signal.

3. Line power and control signals to the scanner head

power supply assembly.
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FIGURE 36. SCANNER HEAD BOX
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L e e T .,

%. Motor power to the Motor Assembly in the Optics
Assembly.

5. Synchronization gignals.

Input and Output {170} signals {such as the IEM1050, the 60
ma teletype current 100pP. modem signals, or customer required
interface) travel via a conduit to the scanmner mounting pole into
% trench in the eartn. This conduit connects to a telephaone or
data communications line. wheel and block sensoX signals, line
power, and control signals are also fed in through the

underground cable.
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QUALITY ASSURANCE PROVISIONS

This section reviews the TSC Dynamic Test Facility and

describes the test method used in the readability tests which

jndicate overall readability improvements achieved with the

improved scanner system.

Dynamic Test Facility

Figure 38 is a photograph of the DOT/TISC laboratory test

facility where the readability improvement tests wexre

conducted. One of the major tasks in the Phase II OACI
program was the construction of an OACI test facility at TsSC
which would sinmulate the actual railroad wayside motion of
the labels past the scanners. The motion would enable the
scanners to look over the entire label at the car distances
and speeds encountered in the field. The facility,
illustrated in Figure 38, is made up of the following:

1. A Label Motion Generator holding up to ten labels which
provides horizontal motion of the labels past the
scanner at speeds up to five miles per hour from a
chain-driven carrier. A winch drive motor is included
to move the entire ten-label carrier vertically so
that, with a corresponding adjustment in the scanner
norizontal distance, all possible label locations for
the various car types can be tested.

2 A test station which includes a microcomputer, a

display and keypoard, a printer, an extensive hardware
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interface to both of the scanner systems, and the Label
Motion Generator. Microcomputer software was developed
to provide automatic control of the label motion,
printout of the lahel read status, data logging on
cassette tape, and to simulate speeds higher than five
miles an hour.

3. An off-line communication link to a computer facility

for test data analysis.

The operation of the test facility started with the
horizontal positioning of the two scanners (ISC experimental
scanner and manufacturer's present scanner} in parallel with
respect to the labels. & gelected group of nine labels and a new
label were then mounted on the Label Motion Generator with the
carrier positioned at a fixed height. The test conditions {true
Label identification, specd, position, and number of read
attempts of each label} were then entered on the keyboard and
verified on the display. After this, the tests were conducted
automatically in the following sequence: The herizontal motion
begins, block signals are generated to simulate a train of cars,
and each laoel's presence was read from a wheel sensor signmal
initiated by an optical pick=-off at the edge of the label
mounting plates. The scanner teletype outputs {representing its
identification of the labels} are monitored by the microcomputer
and the label read or non-read status was output to the printer

and cassette tape. A sample printout is shown in Figure 39; the
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* RUN #768-761 11
*# SPEED=3 DIST=ME

60 15- JULY-77 SCANNER #2

DIAN HGT=MEDIAN

*STANDARD SCANNER

I §10307609

1-9 NO LABEL

2 T103346002-0 NO LABEL
N LABEL
3 gZ20a2514-1 157319869975
4 0308375308-5 NO LABEL
5 0550133488-0 043331734370
NC LABF!
& G71300806253-6 01033460575
7 0103639078-0 NO LABEL
NO LABEL
8 0308516649-3 NO LABEL
G np23111654-1 NO LABEL
10 P123456759-* 0123456789-*%
50 LARBEL
XO LABEL
NO LABEL
END
FIGURE 39.

SAMPLE TEST FACILITY PRINTOUT

12l

43
44
45

46
47

48
49

50
51
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true label number appears in the left-hand column, while the
actual value read is on the right.

Speeds up to five miles per hour were obtained from the
chain-driven carrier. The freight car wheel sensor signals and
speeds higher than 5 miles per hour were simulated. Off-line
data analysis, comparing the scanner read values with the actual
label identification, was performed using a time-shared computer

facility.

4,2 Test Methodology

The OACI system is an ensemble of four individual systems,
each of which contribute to OACI system performance. These f{our
systems are:

1. Labels

2. Scanner System

3. wWheel Sensor

4. Biock Sensor
The wheel sensor and block sensor systems are functionally quite
simple and if they do their job, then overall OACI gquality
depends on two factors:

" Quality of Label Population

e performance of Scanner System

This report deals primarily with the Scanner System. 1Its
performance cannot be dealt with, however, without considering
the quality of the label population and the joint impact of these

two factors on OACI.
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In the final analysis, the measure of gffectiveness of the
OACI system from the railroad®s point of view is the ability of

the system in its wayside environment to correctly read an

acceptable percentage of car labels. In the next section, the
question of relating laboratory test results tn this

effectiveness measure is addressed.

4.2.1 Laboratory Test Siqnificance
The baseiiné for measuring the scanner hardware improvements
was obtained by using current model OACLI scanners which were
calibrated and tested by the manufacturer to meet current
production scanner performance criteria. Modified scanners were
directly compared to these baseline scanners under labaratory
conditions to simulate the key aspects of the field conditions.
In order to relate laboratory test results to OACI
effectiveness, it is necessary to first introduce several key
concepts. These are:
1. Individual Label Readability
2. Label Population Readability Distribution
3. Scanner System Capability (as a function of Label
Readability)
4. Relationship of Field Label Population to Laboratory
Label Population

These concepts are discussed in the next sections.
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4.2.1.% Individual Label Readability Index
There are many ways in which the individual label

Readability Index (R} can be def ined. Before choosing a
definition, several criteria thav the definition should satisfy
can be identified:

1. Por a new label, R = 1

2. for a blank label, R = 0

3. Readability should be measurable

™o satisfy the measurability criteria, the Readability Index
is defined as & function of measurable voltage levels at the
output of the red and blue phatomultipliers for the existing
scanner heaa. Clearly, this definition depends on the linearity
of the existing scanner head and on the balance of the red and
blue channel gains. The way the measure 1S constructed, however,
it is independent of the actual gain value.

we are now ready to define the Readability Index, R, asi

R = K [ 1-exp(-FM/V,) ] {1}
where

£ is chosen such that k(New Label}=1

FM is the label Figure of Merit and is a function of

measurable voltage levels

Vo is red {or blue} channel voltage level for a new lebel.
Note that if FM is defined such that FM{Blank Label} =0, then from
equation 1, it is seen that R{Blank Label)=0. Thus, criterion 2
is satisfied. Next choose K to be

K = { 1=exp{-FH(New Label} Vot {(2)
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with this choice of K, criterion 1 is also gatisfied.

criterion 3 is satisfied if the label Figure of Merit is

defined in terms of the wvoltage peaks that occur in the red and

blue channel photomultiplier output signals where a red or a blue

stripe, respectively, is scanned. Let

\ VR ,avg + VBgavg
3 FM = VR largest + VB,largest (3}
VE,smallest vB,smallest

where

VR,ava is the average of the red channel red or white

stripe voltage peaks

;
:
i
.
o

VR,largest is the largest of the red or white

stripe voltage peaks

VR,smallest is the smallest of the red channel red or

white stripe voltage peaks

and the blue channel voltages are similarly defined.

The Figure of Merit (FM} was developed because the visual

method of ranking anreadable labels was unre liable. The

eeded from the following experimental evidence:
a label's

development proc
1e At a fixed distance from the scanner head,

signal return at the central detector {standardizer) of

the scanner did not vary significantly from one scanner

to the other and over extended periods of time.

2. The detector will read all 13 digits of a label as long

as every module return is above a voltage threshold and

no modules have returns much larger than those of

adjacent modules. This iatter constraint is imposed Dy
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reflections in the standardizer gelay line which
interfere with the detection of the small signal
returns from weaker modules.

A successful read of a label requires the detection of
all digits in both the blue and red channels of the
scanner. Figure 40 shows the red and blue outputs for

a new label at the close and distant gscanner ranges.

The Readability Index measurement process can be summarized

a3 follows:

1.

2.

5.

Measure the photomultiplier voltage peaks that occur at
the appropriate stripes on a New Label.

calculate FM {New Label) using equation 3.
Ccalculate the K factor (new label normalization factor)
using eguation 2.

Measure photomultiplier voltages for test label and
compute FM using egquation 3.

calculate Readability using eguation 1.

4.2.1.2 Cumulative fPield Readability pistribution

The actual field readability distribution of the entire

label population could only be known by measuring the readability

of each label as described in the preceding section. This

distribution could be approximated quite well, however, DY

measuring the readability of a much smaller, statistically valid

sample.

Figure 41 is a hypothetical plot of a very useful
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FIGUREL 41, HYPOTHETICAL CUMULATIVE FIELD READABILITY DISTRIBUTION

128



measure of label population readability, the cumuliative Field

Readability CFR vs individual Label peadability Index (R}.

$.2.%1.3 3Scanner Percentage System Read Cagghglitx

it has been observed, both for the existing scanner system
and the modified expe:imental system that, in general, & label
Figure of Merit can be found for each system which shall be
called the system's critical Figure of Merit (CFM) such that:

1. The system can read correctly most labels with FMOCFM.

Ze The system cannot read correctly most labels with

FM{CFNM.
Now, using FM=CFM for the particular system under consideration,
evaluate the associated Readability Index using equation 1. This
value of R will be referred to as the system Lower Limit, L.
Thus,

L = K[ 1-exp (- {CFW/Vo} ] (&)
where K and Vg depend only on new label characteristics and are
evaluated as described in the previous section. This value can
pe now plotted on the jabel population readability distribution
graph to find the percentage of labels that the system <€an read.
This is illustrated in Figure %2 for two lower 1imit values L{A}
and L{B} which are the system LOwer Limits for Scanner System A
and B, respectively. Note that as plotted in this sample, L{A}
is less than L({B}-. Accordingly, Scannexr System A has a greater
read capability than Scanner system B since as shown on the

vertical axis, there is a smaller percentage of the label
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population that cannot pe read by Scanner System A as compared
with those that cannot be read by Scanner System B.
For the discussion which follows, the Scanner Systen

percentage Read capability, PRC, is defined as:

PRC = 1 - L (5)

G.2. %1% Relationship to Laboratory Label Population

The important observation can now be made that the wayside
capability of any Scanner System to correctly read labels can be
evaluated in the laboratory if the following two primary
conditions are met:

1. A set of labels is available for evaluation purTposes
adeqguately covering the entire range of label
readavility from new labels to labels so degraded as to
be, for practical purposed, blank.

s A graph of the Ccumulative Field Readability (CFR)
function can be constructed that is in acceptably close
agreement with the actual label population's CFR.

{The environmental effects of rain, snow, etc., are not
considered in the above conditions.} The laboratory
determination of the percentage of actual labels that a system
under test can read is a two-step process. First, the
Capability, €, of the system under test is calculated using the
lowest Figure of Merit {the CFM} of all the labels the test

system can read. Then C is plotted on the CFR graph and the
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percentage of labels read is taken from the vertical axis. To
compare this against the Capability of the existing scanner
system, the pervent change 1in population readability of the test
scanner system 1s evaluated relative to the existing scanner

system.

4.2.1.5 Observation

It is imgportant to recognize that the Cumulative Field
peadability fanction for the actual label population changes with
time since the readability of ecach label tends to degrade as it
is exposed to tie wayside environment. Conversely, new label
replacements Or label washing can enhance readability. Label

enhancement was not investigated in this study.

4.2.1.6 Test Labei Population selection

A test label population of 53 labels was carefully selectea®
trom 129 degraded labeils suppliied by the railroads. The
selection process involved the jdentification of the non-read and
marginal read labels and of the percent of non-read €rror Causes
{lamage, dirt, bent packing plate, etc.} with the distripution of
error causes in the field:. An analysis did not reveal any
dependence of the exror Causes on car type {wox car, hopper,
etc.}. Thus, the LtesSts were performec at a fixed distance which
was representative of the car types in the national fleet.

Representative speeds were «130 obtained from field data.*
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4.3 Pretest Setup

The next essential step was to establish 2 functional
relationship between the rFigurc of Merit and changes in the
percent Read Capability of the scanners. Three inferences were
drawn to estimate this function. The first two were end points
which related 100% and 0% scanner readabilities to the very
highest and 1owest values of the Figures of Merit {(respectively,
the very best and worst labels}. The third inference yielded a
data point based on a compar ison of actual reads of the 5 labels
tc their FM values. prawing on the 1975 experience reported by
railroad personnel, it was found that the manufacturer?s original
scanner could read iabels when the FM was greater than 0.17.

This value could coincidentally be matched to the 83% Cumulative
Field Readability at that time.

These observations led to the experimental conclusion that
the Percentage Read capability for the present scanner is

PRC = {1-CFMj X 100 {6}
where CFM is the critical P for the present Scanner.

It is intuitively obvious that the cumualative Field
readability function can be represented, for emall changes in FM,
as a linear function of FM. This can be formally verified if it
is assumed that the CFR function is smooth about the point of
linearization. It is important here to emphasize that in the
test, this observation is not used to specify absolute

readability values. Rather, it was used to estimate readability
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changes from the current known field readability of 83%. The

following approximate relationship is employed

Change in PRC = -Change in CFPM {7}

Figure 43 is a sample test computer output showing the
Figure of Merit for the 54 selected test labels. Other
information is provided about the condition of the labels, the
photomultiplier signal levels, and the label identifications.
The test results are used to derive a difference of Critical
Figures of Merit values between the two systems for use in
equation 7. The difference was obtained by subtracting the CFM
of the manufacturer's scanner from the CFM of the modified
scanner.

The tests were conducted as follows:

1. At least four test runs were made with all labels
moving past both scanners at five miles per hour and at
median range {(10.1 feet}.

Ze The tests were repeated at 30 miles per hour and at
close (9 feet) and distant (12 feet} ranges.

3. All twelve digits and the parity digit had to agree
with the actual label values before a read was
declared.

Upon completion of the test rumns, the average difference in

CF¥ between the labels read by the modified scanner and the
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manufacture:*gsaaanner-wag-cazculatad. This difference Was then
used to estimate the percent readability increaseé.

prior to the test, the Figure of Merit was measured for each
iabel in the test population. Figure 43 shows a sample computer
printout from the measurement process.

The labels were than each assigned a number {rank} according
to their Figure of Merit with the jabel with the highest Figure
of Merit being assigned Rank 1 and 80 On. Figure &% is a
toapiiatiun-of test labels by number {rankj with & notation for

each label indicating the prdbable=causaaof jabel degradation.

4.4 Test Regults
Four attempts were madae to read each test 1abel with both
the modified and the present scanner system. The results of the

rest are shown in Table 14.
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LABEL ERROR FM MEDIAN
CAUSE FIELD
Good-Rimost Mew 17.18
Damaged #.23
Fair {(Teflon) 3.65
bDamaged Module 3.27
Damaged 2.7
Damaged 1.536
Anodize Failure 1.82
Damaged i.73
Resvy Dirt i1.36
Danaged 1.23
Demaged £.986
Damaged 0.807
nxaaguﬁ 0. 734
Bent Backing Flate 0647
Damaged Modules §.51¢
Damaged $.343
Pair 0.312
Yellowish Dirt §.233
‘Bent Backing Plate g.202
Dirt 6.155
Mineral Accumulation 0.14%
Beavy Dirt 0.14%9
Heavy Dirt 8.145
Dirt o145
Light Dirt 0.138
Heavy Dirt {BOTTOM} 0.10%
pirt 0.095
Dire 0.085%
pirt 0.0747
Surnt Module 0.073%
pitt 6.070
pirt 0,062
Heavy Dirt 8.056
pirt 0.054
birt G.048
Anodize Failure 0.040
pirt 0.037
Dirt 0.034
Heavy Dirt 0.032
Dirt 0.028
Dire 0.02¢&
pirt ¢.025
Dirt $.0205
pirt £.020
Reavy Dirt 0.019
pirt, Rusted Backing 0.017
Heavy Dirt ¢.013
pDirt £.013
Burnt Modules £.012
Dire 0.011
Mineral Accumclation ¢ 008
Heavy Dirt 0.007

137

FIGURE OF MERIT RANK ORDER

NUMBER OF

READS

{4 MAX.}

4

&
¢
%
%
#
#
4
%
4§
4
]
E |
i
L |
]
]
]
#§
]
L ]
4§
4§
L
L ]
&
4
#§
£
1]
o
4]
0
G
1]
1]
2
0
o
2
o
e
.
0
o
g
L.
1]
b}
g
L1
0
i}



Modified Scanner
R‘!ﬁ NO -

SCANNER TEST RESULTS

ii.

t Scanner

TABLE
Run_No.

P

Label

VOV BVVOVOLVALVV I I I12VVLI VDTV IV &K

MUV VOLYIVLVLLYLAL I I AABOLIVYLIBL IO

NUADOVODOOYABOO LI IDVOV I I ITOO)YB)

a CECECECEURURLRURURUN UL RN GO B A I IR O R B R - B R

E = Present Scanner Read but Parity Error

VPO I VOV IV ITOGE L DLy
MURBO IVAVA 1 QIO Db -
)
o i
NOUBA IOV OMY P OOM ) ) Dy mu&
-
OO ITVOVLO IV VO 3 0Dy muo
-1
o 0w
a
" ﬂ D8y
@ . g ; Ll B - ST RN 000
ST RRNRASAREARAANRIRARSTITIRE53,

54
Legend:

138



The readability increase observed using the modified scanner
over the manufacturer®s pregent scanner is derived from
considering the number of ilabels in #he test popuzatinnscoxrectly
read by each scanner. {The method of test evaluation used here
and in the results in appendix II is one of several reasonable
approaches to scanner evaluation. Other methods are discussed
briefly later in this gection.}

From the sample results shown in Table 14, the following

results summary can be derived.

Present Modified
Scanner Scanper
Number Labels Read 28 %0
Corresponding FM 0.085 0.032
readability Value 90.5% 96.8%
Readability Improvement 6.3%

The “corresponding FM" is obtained by entering Figure 4% with 28
and 50 in the Figure of Merit Rank Order column and extracting
the FM (Median Field) value. The readability vaiue is obtained

as

Readability value {%} = {1~} x 100

The improvement is, of course, the difference in readability
value.

From Table XIV, it can also be observed that several other
Percentage Read Capability, Or readability, difference

comparisons can be made.
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« Readability Difference at First “No-Reads™

« Readability Difference after Last 2 Consecutive Good-Reads

s Readability Difference after N No-Reads
The Percentage Read Capability Differences are computed using
eguation 7.

Using the No-Read and Good-Read data in Table XIV to derive
& label number and then using Figure &% to obtain Figure of

Merit, the following Readability Improvements axe determined:

At Pirst No-Read

FM {Present} = 0.155
FM {Experimental} = 0.062
Readability Improvement = 5.3%

At ggggnd=ﬂo-neaé

FM {Experimental} = 3,062
Readability Improvement = 8.3%

FM {Present} = 0.075
FM {Experimental} = 0.034
Readability Isprovement = 4.1%

Further test results are presented in Appendix It. A field
comparison of the two systems is, of course, the only conclusive
way to demonstrate readability improvement. The laboratory tests
cited here do, however, indicate a readability improvement
potential in the range of from $% to 9%.
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4.5 Concluding Remagks

The history of OACI scanner development is graced in Figare
#5. The laboratory tests compared the read capabilities of
Scanner 2 and Scanner 10.

The test results presented in Section %.% and in appersdiix Il
show that there is a definite potential for OACL improvement.
This improvement potential is estimated at from %% to 9% over the
capabilities of the present scanner system {(Scanner 2 in Figure
45). These improvements are achieved through the use of recent
technology advances and through the insight derived from
operational experience with the present scanner system.

It is observed that the Figure of Merit {which can be
automatically calculated for each label as it is scanned) could
be used as & field indication of label quality. Thus, iabels
rhat need maintenance {€.J«s washing) could readily be
identified. A minimal maintenance program, coupled with the
advances achieved in jabel identification {(as reported hereinj}.
could result in a highly satisfactoxy operational OACI capability

for the nation's pailroads.
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APPENDIX A
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A.l ELECTRONIC SCHEMATIC DIAGRAMS
A.l.1 CCD Label Decoder A-3/A-4
A.1.2 Start/Stop Detector Board A-5/A-6
A.1.3 Post Detection Processor Auxiliary Board A-7/A-8
A.1.4 Buffer Register A-9/A-10
A.1.5 Gate Generator-A A-11/A-12
A.1.6 IMP Detector Board A-13/A-14
A.1.7 Label Locator Display Board A-15/A-16
A.1.8 Display Buffer A-17/A-18
A.1.9 Power Distribution, Grounding and Interconnection 4A-19/A-20
A.1.10 Label Location Calculator A-21/A-22
A.1.11 Adaptive Threshold Coclor Channel A-23/A-24
A.1.12 Label Recognition Logic A-25/A-26
A.1.13 Gate Generator-B A-27/A-28
A.1.15 DOT-CCD Label Decoder A A-29/A-30
A.1.15 OCD Decoder-Timing Generator A-31/A-32

A.1.16 IMP Corrector Board A-33/A-34
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Z80G~MCB AND CPU DATA SHEETS

ZB0-MCB Microcomputer Board

ﬁ%dmmhmm RAM

Sirapping option available to allow the use of 16K X |
dynamic RAM S i place of 4K X § RAM's presentty
amtnlied

. (mhnxhudﬁm.i*kﬁuwm
kﬁu-h-mmemﬁq-mm
fw&mnt:mmmm

- %Wmmm=wy&mma&m
oF curreni oop {4 separare BAUD rates
from 50 BAUD o 14K B- .05,

- h&mehmmifﬂnm
hhuthW&ﬂﬁmh

A-35%

*  Umversal paratiel H can be programmed t6 dcfine

any dmﬁmmddummduw&rm
E-bit ports Diata transfer can Se pccompihed under
full imerrups control

* 195608 MHz cryvial osciliator divided to 1457 MKz

ior ZECPL operation and dradable by ZBOCTC for
programmabie BAUD rate generation,

*  Monitor syweem firmweare has termena’ handler, et and
broakpoints

duplay memory ané regiter cotmmands,

. Specificationc

Capacis. 35 Svies Dynamic RAM phis op to

4K bytes PROM, RUM or EPROM.
Expandatic by use of ZE0-RME 16K RAM bosrds 1o
B4K bytes of memory or with 16E RAM's

PO Ohannels: Scrial §763 peet with R5-232 or 20 MA
current koop mterface
Fwo {71 software configurable bidiroctionst §-hix peralic]
B parts.

Expansivn: mmcs:;wmmmwm
bomrds w the series. Expansion of more /0 or
& simply completed Uirongh the back=lume being wed,



A.3 CRITICAL COMPONENT DATA SHEET

A.3.1 Xenon Illiuminator Arc and Supply Data Sheets

XENON ILLUMINATOR YiX-150

NEW PRODULT BULLETIN

FEATURES

® Approximately Bwstt of UV Z00-466nm) outpat

® 1508 lumens or 6 wats of wvisible radiation
(60007 K color tempersture)

s Over i2watts of I (300-2100 nmy radiation
# Safety — sapphire window and ceramic body

& Optically prealigned

DESCRIPTION

The ViX-150 1= a ministure, integrat-reflecior,
high-pressure, shori-gre xenos illuminator. B
is a convenient, compactsource of high-intensity,
broadband dlemination covering the UV, visible,
and iR regiocns of the eleciromagnetic specirym.
This [60-wan Hlueminator is ideal for use n
ciinical, Iaboratory, pholographiz, research ard
mamdacturing applicktions reguiring # reliable
soniree of high-intensity radiztion.

The arc output is collimated by an integral
parabolic refllector andemerges through & 25 mm
dismeter sapphire window whick hss excellenst
transmission [rom the UV throegh the IR por-
tiong of the xemon arc spectrum. The sapphire
window s nof sublect to the devitrification
phenomenon which often limits uselu! life in
conventional xenon are lamps.

1y smatl size and rugped ceramic/metat con-
struction make the VIN-I50 especizliy suitable
for use in equipment reoquiring s smail size,
high-coliability {(Huminator. Sipce the VIX-150
ts optically prealigned s the factory, instal-
{alion mnd replacement of the YVIX-150 are
exiremely simple.

Yariun ollers matched power supplies, bolders,
and other optical sccessories 10 assist the
equipment designer io interfucing the Hluminator
with other system components o eflectively
lluminate slits, apertures, or large surfaces.

el LR Prigted in £ 8 &

verigefeimae divinren/30V indusivsgt way/isss cerles/catolorna $4070
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25A xenon
short-arc
power supplies

Advanced Technology Applicetions Corponation
{ATAC) has developped the Z5A 1 range of switching
supplies which s optimized for 300 W
VARIANIEIMAC high intensity ceramic-body

short-are Xenon lasmpse with bulit-in miror,

maximum opersting current capability of 20 1o 24
amps dapending upon : tcs.

functions and required sensing and protactions,
tharatore offering 2 unique combination of prics,
performance and size.

The smali sice of thess powsr supplies grestly
simplities the Integration inte new of sxisting squip-
ment. OEM yarations ars considered for production
guentities:.

Care has been exercized 1o reduce interferences
from sudie to RF; new design of trigger clroult
combingsd with pows? coaxisi cord (0 the lamp and
sxisnsive shislding prevent accidental destruction
of sanitivs surrounding :

as infiuencing the audic soction of the projecior
wiven any.

Three basic models ars ofieesd

11 Betf-siacting power Supply designed for Continuous
operation & a thwed output cyfrant adjusiable DeTwoen
approximately 10 and 25 & REF 25 Al CONT

7 Seif-s1arting powenr Supply with Hght dimming Capal-
tity, Outpul current can be pradusily sdjusted Trom
remots control between 1he nominat lamp Cuirent ghving
she maximum Dght outpul arkd & simmar current st
xpeping the 2T sitve and giving the minimurm light out-
put. Maximum and simmes Currenis a6 both internalty
adjusiabie 1o match lamp characteristics; light outpul
ot can sxceed 20 | ¢ with most lampe with negiigible
coloe temparatuse shitt REF 25 A% GRAD

31 Sell-stanting power Suppiy suitsbie Tor shulteriess
aperation. The power Supply {3 modyisted by & signal
which Tréguency and Suty Cycle are chooser: in order 1o
bahave like-& 7 or 3 biades shulter of appropriate trans-
parency Hanimum and Simmar currents #r¢ DOth
imprnally adjustatie 1o maich lamg charpctaristics, Pro-
pristary design of Circuitry makes pratical shutier less
operation with no signiticant change s both coloe
ternperaturs and iils rand on the Jamp.

HEF 25 AY MOD

{i} remote starting Dy & low lewel de signal

{17} satety circuit aensing lamp Iailurs 1o start andior 10
sty alive On 3immer Current with remote indication.

Tehnical specifications

input charscteristics

- input voltags © dual range 100 10 X v, 19010 250 v
- imgugd Frequency 50 to 80 M2 single phase

- efficiancy : 70 10 85 % depending upon {ampersiure
and input vollage

- power tactor | cione 1o 1

‘This ynit slso operates on 14010 170 ¥ and 250 to
350 v DC any polarity.

400 Mz vergion avallable upon request,

Dutput chamsctwistics

- Sutpul vOIltage 12 10 20 v {seit adlusting oa lamp
besing cperated)

« putput current : palustable from about 1010 25 A

- putput power : Conslant pOWE of powes BUpDYY
factory adjusted ;owwww"@?nmnww;
Power capability increases with voltage.

- power Tipple © 1 % fypical

. current rippls 1 3 1o 10 % depending upon amp
charactecislics

« oyt put pokarity :mummmﬂtwh
internal wirng).
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A.3.2

Pnotomultiplier Tube Data Sheets

meech 196 T EGHNICAL DATA SHEET

——————— —— JOTN

TV _PHOTOSENSITIVE DEVICES |[Radbiiriia

Hysteresis Free, & Mage. Side i Type
witk ¥ - J Speresal Bevponae
DESCRPTION

BTV 93y g v age wde on tepe phomemuitgple ole hawing 8 cewam - antimooes
[ S S Eagawsnalbs the new impraed clretmades bave been deungn
ifter fwttel operating stabalitn B o suited for gae in groeryl
calume. wich s light operated relas X endiation FRpotaty vonited and faesimaile tremems
e te tvpe [P2E but inteed for appbeptions batng relaxed dark  curremt and
MR EM @ tad v iy roeay gutemen b

The g TEgE respuitiar of fhe BTV

S 0

photoc atheslr S § Typer

ed 1 b Eysdwrrrays Froe b

L £ B

WA covers the range Irom hag WaAE e ANED ang
Matrimim reapone mium @ sppeckrinstely U000 angstnans The
LA therefom hae baph wnsibeity % bloe g b wnmbsie n the red reguens of vmhlr.‘_
Rt f e T Y
T
Hiil R e

L L T ]

vines bty are the samme g the K1ow
FPAY el (PEM

Giinr ancd B

BIZr W3 Bire, Rioe

TATA

Specirai ﬂﬁ_:r.,.n._, * f % Fig 4y
WK r MEF amgatroms
HAE b AR gmpst frama

Favebrngit of Vavmum Breagese
Speciral Resgpranae Hange
Eheeet fntrerie troake o A anie L annrog |

Amonbe to dvrmede N % 4 {-9
Lpomde b all othey i fovades £ pf
tiabtine Hawng Duageam e bag o
bength foom Bawr Sear s €rnter o §oarfia! € arhode Ares 190 + 25 mm
R raiing  peenil oo s
St Wegght s apgemn .

MAXIMUM RATINGS, fhadute Mirimam Falues
SUPPRY MOLTaLt BETWEEN ANODE %0 ¢ ATHOGS
SUPPLY WOETAGE BETREEN awun ASD DY Sk s o
MVERAGE ANMME ¢ THRENT o 88
SMERIENT TEMPERATE HE RN

CHAR ACTERISTICS:

oder copditon sl d whepipely weildlzge (R v mimma & veliage d

P20 waalts oy
2 werdta i

1 rma

o o+ Tig

L4 pefey peessding [ HY of

b obemmmn cthade gna dyrwsie Yo ! B ad B e wa b snoveweding  dy nesde dagr and
tr o b betsevn deteade e Y ognd siraaie
Worn B HEH eaufr. tewrrpl o pestead berbiow |
L e e W diva 129
Smisde Bumiiusn o (1 4. = T i ey amp; b
Eatheede | imonea [, Tev ‘,: £ Wi lm
wrrent gt L RN
brurvaden: Anode Dk | wepeni Frgusy + Suute & 2 Sl H
brvaile Dhadk €wcrim g1 HE¥ 400 & s G R ] s
Aovoade ® sirremt Srgbalig Hrdreews i ke u; H =
Rl o e

NOTES

‘ Rveraged wee amy snteevgl of BE s onsds daay o

@ When mavmom chiding o soode  current
m::!‘:uul.*frr

B 1ok b fotkmimg < omditions

beor Errimeratere o METICR
bt reaintoor has o value o 001 g
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TABLE 15. PHYSICAL CHARACTERISTICS OF HAMAMATSU TV CO. TYPE R777
PHOTOMULTIPLIER TUBE AT 25°C AND SPECITIED SUPPLY VOLTAGE

CHARACTERISTIC VALUE
Size {mm) 28
Features . For He-Ne
laser

Spedtral response {(nm} ) 185-850
Wavelength of maximum response {nm’ 530
Number of stages g
Window material U¥-glass
Photocathode materiail multialkali
Maximum ratings:

anode to cathode voltage (VDC) 1250

anode current (mA) 6.1

anode to last dynode wvoltage (VDC) 250
Cathode Sensitivity

minimum luminous sensitivity (uA/Lm) 140

typical luminous sensitivity (uA/Lm) 170

typical red and white light{sensitivity ratio} .15
Anode to Cathode Voltage (VDC) 1000
Anode Sensitivity:

minimum luminous sensitivity (A/Lm) 300

typical luminous sensitivity (A/Llm) 700

Anode Dark Current

typical A {(nA) 2
typical B (na) 5
maximum B {nA) 50

A=39



TABLE 15. PHYSICAL CHARACTERISTICS OF HAMAMATSU TV CO. TYPE R777
PHOTOMULTIPLIER TUBE AT 25°C AND SPECIFIED SUPPLY VOLTAGE (CONT'D)

CHARACTERISTIC VALUE

Typical Anode Radiant Sensitivity:
253.7 am (A/W) 1.2 x 10°
632.8 nm (A/W) 1.3 x 10°
852.1 nm (A/W) 1.1 x 10°
maximum response {A/W) Z2:1 % 185
- Current amplification (typical'values) 4.1 x 10°

Direct Interelectrode Capacitances
anode to last dynode (pF) 4
anode to all other electrodes (pF)

Typical rise time (ns) 2ub



A.3.3

RETICON

Reticon offers & broad line of integrateq circunts
which can be used to perform analog signat process
ing functions. Al of these devices function i the
discrete time domain by storing samples of the inpul
signal in an analog memory as packets of charge.
These analoyg samples are then manipulated o pro
duce such operations 8% delsy, multiplication and
addition. This results in gevices which can perform
such functions as frequency changing, filtesing, cor
selation, and Fourier transforming,

Thers aré two Dauc categories of devices based on
the way i which the analog samples are handled. In
the Charge Trangfer Devices (CTD} sach sampie of
charge is transferred from stage o stage across the
chip under the control of & sequence of ciock pulses.
There are two 1ypes of these multiple transfer devices,
Bucker Brigade Devices {BBD) and Charge Couplec
Devices {CCDY. The differenges between them are
primarily in the details of the device structure. From
the functional point of view BBD's ot'er 2 way 1o
make practical 1apped analog delay hines for such
applications a5 covrelators and externally program
msble transversal filters, The CCD technology s
canstile of higher sampiing rates and higher denuity
devices. These include such devices a8 the video
delay and the 512 point transversal filters.

The second major category is Single Transfer Devices
{STD} These devices are similar to an integrated sat
of muitiplexed sample-and-holds. Each successive

CHAHRGE TRANSFER DEVICES (£LTD

Tha concept of & CTD o to store 3 sample of anstog informe
tion & & packet of chage o & capacitor and then under the
control of & clock 1o trendter @ 1o the neel storage wite
A siniple analogy can be made 10 & Two phase water Duchkel
brgadte showen: en Figure T

e
g S
T & &7
: ¥ o«
i & ' ' ) ) '
{au_;r'i ) i:-—;r':\t : W-‘i _

Figure §. Ansiogy of Charge Transte: Devwce

From this simple model, severa! devite Teatures Can be wen.
First, since in one phase the mput 4 Deing filled and m the
otfer 1 15 breg tremsferced, the dewice «w sampling the nput
date signal, 3f nothing 5 done a1 the oulput, The signal &
present for @ hatf clock cycle and the other half oycie the
ol comes 1 @ reference bevel

The ey peraneter for 3 CTTD i the tramiter inethiciency o}
The charge transter ewificency « the tracton of charge left
tehind on esch tantter, 1f one bucket contaiming 10,000

selay Line Data Sheet

@ PRODUCT SUMMARY DISCRETE TIME
ANALOG SIGNAL PROCESSING DEVICES

Vi NVl /g

Protomerograph of quef CCD Gilter KSE0T-T waed 16 pro-
Buth th powet WHCIIom arity 81 Tl tons woves 5t 10 and
20 AHT Aot aplrrngiid On Thi tegrsted tageit.

gample s stored in 3 separale discrele memaory Cell,
where it stays until it 18 read out. These devices have
applications as video delays, data buflers, ond time
base correctors. They don’t have the problem of
teanster ineflicency of CTD's because of the ungle
wranster but have performance Iimitations associated
with fixed-pattern and clocking nome.

slectrond i dumped nlo the next bDucket, and it leaves
behind a sngie slectron, then ¢ = 1x10? Soce the ame
fraction 18 telt behend each Time & tranifer v made then for
an entire device the wtal inelfubency it ne, where n 8
the numbe: of tramfers. The stfect of this on & une weve
engist i semilar 1o that of & low pad filter. The quantitatoe
revults die The Smplhiudte sitenuation;

Agutihin = exp [-neil-cos 27 141
where 1 o the input Trequenty (abways ety than the Nyguist
frequency. T./21 and [ o the wample rate. The additionsf
phase delay over over the expected «deal vaiue

&g = ne win {2x L}

The tranifer meffwncy o demermned by device parameters
winch delermine the hime reguired Tor the checge 1o tramifer
feom one backet 1o the rext 1 the clock froquency « con-
tenally increased, @ pownt s reached where wnsufficent tame
5 altowed for all the charpe 10 traniler

e SRR W

Fagore 1. Chargetearades netticiency yerves tlock Treguancy
R i B e e e

AR B 2 S s SR R T N
RETICON CORPORATION 3510 Benicia Avenue, Sunnyvale, Californis 94086
Prone: {408} RET-JCON, {408} 738-4268, TWX: $10-338-8343
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The Beticon TAD-32 is & tapped anatog deiay une Iasnc-
Bt wilh the mof! advanced n-channel Sthon-ate
G eSSty technology T Corkisls of @ charse-
Bansee device wott 32 18 eSuslly SpCeC Dne sampie-
L apan along e device {5 dew speciicaliy
for ume s tne realization of ransverss! L iers. Dut i like-
Wit Y BDDUTATTE 10 rECUTSVE OF OiNer Liter types
Tyvoial #pphcations ntiuge ow pass fifers. banc pass
filtees. MBIChEG Hilters, DRASE SQUEICETS Dhase shillers,
066 genersiors. TunChon Qenerators, COrreistors. ang
S Eped Selinys

GEMNERA. DE:70 - 0

TAD-3Z 5.2 32-stage tharge-iransier gevice wiich pes-
e e S10ragn Of BNBLOG S.gnais wilh recovery oOF the
$IFNAS 3 MUTiple SeCArEte CUIDUTE &1 SUCCESvE Oelay
times igter The 1aps on pach slage &re Drough! 10 the
Outside hrough Dutler amphlwers Each Dutter ampiiher
DUl SPDRATS 3% P ROUTCE oliower thus PErTHITING
varable iCaging o IDE 1805 i OIDET 10 Create vBnOUS
1ap-wiight funchions The taps are spaced one sampie
Lme S0E1 AIONG he deldy An 2005L0nal spRCIa Teed-
formard OUIpUt 1a0 18 prowides 5o that muiliple OevicRs
May De CasCHTEd wilhou! Causing ducontinuty o the
SRaLing Of The taps from one dewte 10 the next Wih
Mag arangement Lming egrdy & minlaned The
abihily 10 CA3CA0e dovices Sermils The user 1o Budd
DIOCELEONS (5UCh a8 ranssersst Titers) walh more than
A2 taps

T squvaiem Dirtuil i shown n g 1 Samples are se!
YO Of e Fubal SI0TAgE NOOE durng the Lme penod
whens ihe P clock wavelorr s &8 its h {posdve)
hrvet When §: dropad the sample value 15 frozen ang
e smuitanecus nse of 83 permids eachange of charge
with ite 1ap-1 noge samiiarly tor other noces The sample
values thut LSt appear B e vanous 18D CUIDUTE whes
27 raes. When §: talis and Q¢ rses the charpe siste

& Irantherted 10 tho second node fof each tap The par-
T ay - - o
fR— M s - S e e,
P S i o : e
[ = o - - L -
L T B 2 - e & = L ~ ¥ E &
s T e T T s o T
- & @ 1  § 1
i—- - - -l - - - s - - w - el -
g ‘ - - - -
o - -

LT S ———

¥ & [}

By A vmm— ——

Fapars 3. ﬁm-ﬂw-mhm“m“
T Ay

Eataletat ot Bk S F -T1] o bt TAE TR

EER

TTARRLD ALLLOL DELSY

N R I N

KEY FEATURES
+ Monslithic construction
* Fuli wive o boxcar SUlput from sach tap
-ﬁrmmwwumﬁnmﬂmumuuunamuw
» Bulisred outpuls Trom ssch tap
* Tap delay finwarly variable with clock petiod
+ Sampling rates 1o § MMy
© #0 db passband-do-stopband ratic {as & filter)
80 ab dynamic range
+ Simple /0 snd clock tircult
Low power dissipation
+ 40-pin dusl-in-line package

alighng of the bubier Sutputy thus maintaing the Dutpu?
valoe at the g Tor both hafves of the clock perod The

Tesuiting output 8 8 futh-wave [0 Wi-penod) cuiput Fur |

Iher there 15 ONE SEMDIG Lme delay Detween the sampies
as 1hey aD9edt 3l suCCessive oulPut WPS The iast node
uprhes § tees-10rw B0 122 3% Ihe DTODEr LM 10 provide
g sef-up Signat 1or another, series-connected TAD-37
S0 AT Mutiiple-Aalhon DeoCessors wilh more than 32

1805 can e smplermented Tiockng of ihe second device |

! D EynCNIOAcuS with the first g Qg o #a

B .
¥r ek - -
-
kil —t e— o
e
S, & f § *
by :
— e ——n g
o o SR
o @ e i
ER Y i
e et |
s B
“is
Thiea ws

e ———— T — v —

P & Niridbrod bivmg g agram

The dev.Cé i3 capable of SAMphng rates rom Selow TRME
1o more than S MHz Thes capabiity permits the tangis-
:0n of 3 gven hifter Characienshic over & range of more
than thice otders of magmiude in frequency sempiy by
Faryng The Clock rite A lwo-phase Compiemeantary
SQuaATE-wave CIOCK with ampliuoe w e range of 1210
13 v0its 15 requued 10 Grive the dévice The CIock pRates
V& DOIVE IQUATE waves, 33 Shown in the inset of Fag. 1
and i more getail sn Fig 2 The Clocks Crive the nodes
pottvg, thus prowiding & posiied Oulpul w..ht reference
o groung at each 130 The oulpul from sech tap s &
tull-wive Of DOXCEr OUlDUYL &S Cistussed above, no 80
tanal hitening & necessary belore BUMMmirg with the
Sesrel whghis The summing amphitars Car COMDnE
e summing and hitering functions

= PR AR AT e e A APPSR Lol 22 2
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APPENDIX B
TEST RESULTS

Table 14 in Section 4.4 presents results from one of the
test runs made during the extensive laboratory comparison between
t+he manufacturer's present scanner and the Phase 11 modified
scanner. Additional test runs are presented in this appendix,
all of which show significant readability gains using the
modified scanner.

Each scanner configuration used in the testing 1s
igdentified. The manufacturer's present scanner 1is scanner H2.
The other scanner incorporates (for the test series from which
the results were obtained) that set of modifications associated
in Figure 45 with that scanner modification number. Some tests
were conducted at close range (Near Field)., medium range (Median
Field), and at far range (Far Field). Appropriate FM values are

given in Table 16 for the variocus test ranges.



TABLE ]16: FIGURE OF MERIT

NO. NEAR FIELD MED FIELD FAR FIELD
LABEL ¥ LABEL ™ LABEL M
NO. NG. NG.

1 1 20. 110 1 17.93¢C % 13.430
2 2 19.8%0 2 17.180 2 13.020
3 3 9. 186 3 4,230 3 %.090
4 5 5.120 7 3.650 4 3.050
3 7 5.040 4 3.27¢ 7 2.630
6 & 4.780 5 2.780 5 2.140
8 8 3. 260 8 1.820 8 1.600
9 9 1.940 g 1.733 19 1. 180
10 19 1.867 19 1. 360 9 1.020

11 g 4 1.607 11 $.230 1 6.769
312 it 1.530 12 0.986 12 0.760
13 15 0.990 15 0.807 15 0.5%6
14 10 0.584% i0 0.734 13 0.436
15 13 0.918 13 0.647 10 0.486
16 14 0.518 14 0.514 14 0.315
17 17 0.437 16 0.343 16 0.238
18 20 0.371 17 0.312 17 0.213
19 16 0.315 20 0.23% 18 0.203
20 18 0.311 18 0.202 20 0. 146
21 23 0. 296 23 0.175 3% 0.115
22 40 0.256 24 0. 155 24 0.099
23 24 0. 225 21 0.149 23 0.089
2% 31 0.204 40 0.149 30 0.086
25 29 0.203 31 0.149 40 0.083
256 2% 0. 198 25 0.145 21 0.082
27 25 0. 185 30 g.138 25 0.076
28 32 0.182 28 0.105 28 0.073
29 28 0.173 26 0.055 26 0.062
30 36 0.173 32 0.085 29 0.061
3% 39 0.153 29 0.075 22 0. 049
32 30 0. 149 36 0.07% 32 0.04%
33 26 0. 143 33 0.070 33 0.039
34 42 0. 128 39 0.062 3s 0.039
36 22 0.085 35 0.054 36 0.028
38 48 0.083 22 T.040 51 0.024
33 27 0.071 43 0.037 43 6.023
40 37 0.067 38 0.034 46 0.023
41 38 0.067 48 0.032 34 0.019
42 3% 0.062 34 4.028 54 ¢.018



TABLE 16: FIGURE OF MERIT {Continued)

NO. NEAR FIELD MED FIELD FAR FIELD
LABEL FM LABEL FM LABEL M
NO. NO. NO.

&3 35 0.080 46 0.026 47 0.018
44 46 0.059 439 0.025 48 0.018
45 45 0.04¢6 §5 0.021 451 0.018
46 41 0.04%4 &1 0.020 35 0.017
a7 49 0.0481 50 0.019 38 0.016
48 47 0.03% oy 0.017 44 0.013
49 44 0.037 51 0.015 37 0.01%3
50 53 0.035 37 0.013 45 0.011
21 50 0.031 54 8.012 49 0.01%0
52 51 0.027 47 g.0%1 53 .009




TEST 1

Near field @ 5 mph Near field a 30 mph

Scanner  Scanner Scanner Scanner
$2 $4 2 (1]
Number Labels Read 25.3 40. 86 31. 1 31.9
Corresponding =M 0. 114 0.067 0.153 0. 149
Readability B8E.H% 53.3% 84.7% £5.1%
Readability Improvement G.7% 0.8%
TEST 2

Far field 2 §

Scanner Scanner
$2 85
Number Labels Read 16.5 27
Corresponding FM 0.276 <078
Readability 72.4% 2. 4%
Readability Improvement 20%
TEST 3
Near field 8 5 mph Near field & 30 mph
Scanner Scanner Scanner Scanner
%2 §5¢ 42 #59
Number Labels Read 38=1/0 40 35-3/7% 36=172
Corresponding FM +083 <067 103 - 089
Readability 1. 7% 93.3% 89.7% 91, 1%
Reaﬂibiiitg Improvement 1.6% 1. 4%




TEST 8

Median field 3 S mph

Median field & 30 mph

Scanner Scanner

Scanner Scanner

§2 £52 £2 £S5
Number Labels Read 3It=174 38-374 29=3/4 It-1/4
Corresponding FM .075 .038 .088 075
Readability 92.5%  96.2% 91.2% 52.5%
Readability Improvement 3. 7% 1. 3%
TEST S

Far field & 5 mph

Far fieléd & 30 mph

Scanner Scanner

Scanner Scanner

$2 o $£2 £51
Number Labels Read 23 25-3/4 271=1/4 22-374
Readability 1. 1% 91. 8% g8. 8% 90.9%
Readability Improvement G.7% 2. 1%
TEST &

Median field & 5 mph

Scanner Scanner
#2 #6
Number Labels Read 27=37% 40-1/2
Corresponding FM «313 033
Readability 88.7% 6. 7%

Readability Improvement




TEST 7

Rear field 3 S mph

Scanner Scanner
£2 $7
Number Labels Read 34-1/2 38=-1/2
Corresponding FM «126 «077
Readability B7.4% g2.3%
ﬂeaaaﬁilitg Improvement $.9%
TEST 8

Median field @ S mph

Scanner Scanner
82 #8
Number Labels Read 28 40-174%
Corresponding FM ° .105 034
Readabilit: 89.5% 96.6%
Reada ty Improvement 7. 1%
TEST 9
—Near fieléd @ S mph
Scanner Scanner
82 49
Number Labels Read 31 g
Corresponding FM -« 153 * 078
Readability 84.7% §92.2%
Readability Improvement B.2%

AR



TEST 10

Median field 2 5 mph

Scanner Scanner
&2 £9
Number Labels Read 28=374 g-172
Corresponding FM - 087 .0386
Readability 30.25% 96.2%
Readability Improvement 5.95%
TEST 11

Far field 3 5 mph

Scanner Scanner
#2 #9
Namber Labels Read 19 24~3/8
Corresponding FM «203 . 084
Readability 79. 7% 91.6%
Readability Improvement 11.9%
TEST 12

Near field 2 5 mph

Scanner Scanner
82 10
Number Labels Read 34 40
Corresponding FM «128 067
Readability B87.2% 93. 3%
Readability Improvement 6.1%




TEST 13

Far fieid @ % mwph

i

Scanner Scanner
£2 #10
Rumber Labels Read 20 . 36
Corresponding FM « 146 - +028
Readability 85.4% 87.2%
R—eadabilitz improvement 11.8%
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APPENRDIX C
OPERATIONAL SOFTWARE

A INTRODUCTION
This appendix describes the software used in the OACI Post
pDetection Processor (PDP). It includes a discussion of
algorithms, descriptions of the various parts Of the program, and

programming considerations.

sttem'averview

The Post Detection Processor is a Z80 based microcomputer
system consisting of a zilog MCB Single board computexr, a zilog
RMB 16K RAM/ROM board, and an auxiliary I/0 board designed
egpecially for this application. The system contains 4K of EPROM
in low memory at locatioms *000°* to ¢FFF* and 20K of RAM from
£1000% to *SFFF'. Program code resides in the 4X of EPROM
{slightly over 3K is actually used} and the program utilizes
about 6K of the RAM for data storage.

pata enters the PDP through two parallel ports on the MCB.
output is to TTY (60 mil loop andZor RS232) through a UYSART. The
only external control available to the user is a reset function.

The program code was developed on a MICROKIT 8716 system
with 40K of main memory using the puickrun/z80 {(version 1.2}
software package. Source code exists in four modules on four
cassette tapes, one for each of the necessary EPROMs. Each tape
contains two copies of the code for its module, one on each side.

The listings are included in Section III.E of this appendix.
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B Software Design |
Two importangmgunsiéﬁratiﬁﬁﬁﬂiﬁPEEEm§;££ware design were the
n.—ﬂJ”tiﬁiﬁgiEEﬁE;;;d;;put and the nature and quality of the data.

Since a train, car, or label could occur at any time, a interrupt
driven input and control design was selected. Label data input
and initial processing are done in a single routine which
services scanner system interrupts. Control signals are input t>
@ second routine which reads the control register each time a

Status change occurs.

B.1 Data Dualit:s

From previous testing, it was found that label data fal}l
into three categories: {a} good data where each scan correctly
reads each module, {b) marginal data where one or modules in a
label is in error, but where correiated scans produce a good
label reading, and {c} labels where there is not enough data to
produce a valid label reading. 1In addition, it was found that as
a label degrades, its blue component becomes undetectable much
more quickly than its red component.

These observations led to the development of a two-step
label reading process. The first step is an interrupt driven
input section, where from a single scan, after passing two
quality thresholds, is checked for parity. If a true parity
check is found, the label is considered read and goes to the PDP
output buffer. If not, the label data are thresholded again and

saved for further processing. The second level of processing

C=3



produces a table of stripe value possibilities for each module.
Those possibilities occurring at less than a specified percentage
of scans are rejected; and the lists for the first four stripe
pysitions {railvoad identification} are sorted so that those
stripes with the most blue are at the head of the list. The
lists for the last seven stripes {car number} are sorted such
that the most freguently occurring stripe is placed at the
beginning of the list. Finally, any likely stripe values not
actually read are added to the table and invalid modules are
removed. Parity checks are then tried, starting with the most
likely combination of stripes {those at the head of each list}
until either a true parity check has been found or all
combinations have been tried. When a stripe combination that
gives a true parity check is found, the label is declared to have
been read and is loaded to the output puffer. If no label parity

check is found, a "no label® message is output.

B.2 Timing Considerations

There are three different time frames in which processing
can be performed. 1In the first frame the computations are
performed in the input routine itself (between successive scaus
of the label}. Checking and thresholding are done toO the extent
possible to reduce the amount of processing required later. a‘
parity check, an unpack, and three different threshold tests are
applied. In the second time frame, during “car present™ time

between executions of the input routine, walid input scans are
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added to the table of stripe values formed in preparation for
secondary processing. In the third processing time, between the
end of one car and the start of the next, the “ptotp-label?® is
formed, various stripe combinations are tried, and output message

is prepared.

C Program Descriptions

The source code presentation in III.D is heavily commented
and should be referenced for details of the foliowing

discussions. All addresses are in hexadecimal notation.

C.1 Program Module 1

This module, residing in EPROM locations '000* to Y3IFF*,
contains the restart vector, the output routine, and the control
loop {monitorj}.

A Reset or Power-On causes the processor to begin execution
at location zero which contains a jump to the initialization
section in Module 2 {see below}.

The output routine outputs a single character tc the USART.
It is located at *20* and is called with a restart instruction to
that location.

Once initialization of peripheral devices and program
variables is complete, the control loop runs continuously. It is
interrupted by the control register and label data service
routines and is the calling point for all other processing. It

controls the flow of data within the system by examining a series



of semaphores and counters and calling the other routines
accordingly. When it is finished with the data for one car it
executes a jump back to the initialization section at the point
where program variables are initialized for the next car.

The format and ocutput driver sections, also included in
Module 1, are discussed at the end of Module 4§ where they occur

in the program seguence.

C.2 Program Module 2

This module runs in the second EPROM from *400*¢ to *7FF* and
contains the initialization section, the label data and control
register interrupt routines, the parity routine, and the unpack
routine.

Two types of Module 2 initialization are performed: one
time peripheral device {parallel ports A and B and USART)
initilization at Power On or Reset, and program parameter setup
for each car processed.

Processing performed by the parallel port A interrupt
routine begins with the input of 16 bytes of label data from the
scanner. If no start or stop stripe is present, or if the input
{hardware} confidence number is too low, no further processing is
done. Otherwise, the scan is unpacked and its parity is checked.
The parity routine counts the number of valid modules. If all
the modules are good and there is a true parity check, the label
is sent to the "good label® buffer to be formatted for output.

If not, the number of good modules is stored as the new



confidence and a confidence threshold check is made. If the scan
passes, the data are sent to the input buffer and the input
semaphore and scan counter are incremented. After 6% scans have
been input, label data interrupts are disabled.

The parallel port B {control register} routine reads the
wheel sensor inputs, senses status changes and controls
processing accordingly. When both sensors are on, the scanner is
enabled. The end of the car is signified when either goes off.
(For a field version, the scanner control would be reprogrammed
since the wheel sensor inputs would not last the length of the
Car.}

Parity for an ACI label is computed by the following

formulas

PARITY = MOD{11)[d0 + 241 « 8d2 + . . . + 512d9)

Parity may be calculated using a series of shifts and adds, but a
table driven function is much faster, especially where different
stripe values are being substituted in an attempt to get the
correct parity. Accordingly, the routine uses a table which
gives the modulo 11 change in parity produced by a given stripe
value and digit position. The numerical value of the parity
stripe is looked up in a separate table and is returned in a
register.

The unpack routine unpacks raw scanner data into the

following format:



BYTE CONTENTS

1 confidence

2 start, Stop {bits 7,6}

3 tow order byte of time-to-start {8 bits}

4 High oxder byte of time-to-start {bits 0-3}
5 Inter-module period {(bits 0-3)

6-18 Module code {only bits 0-3 are used:

bits %4-7 are disregarded)

C.3 Program Module 3

This section is located between *800' and 'BFF® and contains
processing stages 3 and 5. Stage 3 is a single routine which
takes a scan and adds its various stripes to the table of stripe
possibilities for each digit position. Stage 5 is comprised of 5
sections which are used to prepare the stripe possibilities for
the parity tries in stage 6. The first section of stage 5 is
called STAGES and is a small driving program which calls the four
processing routines and hapndles the relevant semaphores.

Fach module is composed of two half-modules or stripes, each
of which may be black, red, blue, or white. There are 16
possible stripe color combinations that can occur in a module.

Stripe values consist of four bits arranged as follows:

BIT REPRESENTS
0 plue value of second half-module
1 red value of second half-module
2 blue wvalue of first half-module

3 red value of first half-module



For the module combination blueswhite, only blue is true in the
first stripe while blue and red are true in the second. This
module byte is 00000111. As stated above, only the right-hand
four bits are considered. Bit ¢ is the right-hand most bit. The
stripe possibility table consists of 11 rows {10 stripes plus the
parity stripe} of 16 columns each. The position within a row of
any stripe is the value of that stripe itself. For the example
above, for a row beginning at *3200%, the address of the stripe
in the example above would be "3207¢. That address will contain
the number of scans in which that stripe occurred at that digit
position. As there are many locations in this table with no
data, the first thing done in stage 5 is to compress the table.
The original table is called FDGTBL and the compressed version is
CHDNSD. At the time the table is condensed, those stripes
occurring less than a given number of times are eliminated

according to this table:

For This Many R Stripe Must Occur At Least
Total Scans This Many Times

0 - 15 2

16 - 31 3

32 - 64 4

It was found through examining dynamic test data that the
greatest deviations occur in the first four stripes. The most
accurate way of sorting these is to place the stripe in which the

greatest amount of blue occurs at the head of a list of
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possibilities for that digit position. This is accomplished in
subroutine VSORT, which looks up the relative "weight®™ of each
stripe at the head of the list is most effective, and this is
accomplished In subroutine SORT.

The final action of stage 5 is to remove non-valid stripes
from the table and replace them with the most likely alternates.
If a stripe is valid and it is the only cne occurring for its
digit position, no alternates are loaded. Otherwise, all
available alternates are entered into the table. Subroutine LOAD
does this processing and produced PROTLE, the protolabel table.
Subroutine LOOKUP is called by LOAD to do the alternate stripe

loading and to ensure that no stripe appears in a list twice.

C.4 Program Module #

Module & contains the subprograms which perform parity tries
on the protolabel. It resides in locations 'CO0* to QISF*.

Subroutine STAGE6 is the driving program for this program
module. It controls the trying of various stripe combinations to
f£ind a true parity check. It uses a table of deviation counts
(DEVTBL} and a table of pointers (PTRTBL} to keep track of which
stripes are being tried. All possibilities for the first digit
position are tried, then the second possibility in the second r?w
is tried and the stripes for the first row are repeated. The
parity stripe is the last for which substitutions are made. A
true parity check at any point halts the process and that stripe
combination is sent by subroutine OUTPUT to the good label
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5
buffer. A number of utility routines are called by STAGES to

perform housekeeping and computational tasks.

C.5 Format and Output Driver Sections

STAGE7 is a small subprogram at location *znﬁi-vhich handles
register setup and semaphores for the ocutput formatting routine.
That routine, called FORMAT, converts internal label data to
ASCII c¢odes for printing. A typical line of output appears below

with an explanation of each item.
20 2- 1156.6 15.2 #8103079051+9

The two digit integer at the beginning of the line is the
confidence. A 20 indicates that the label value was found with a
true parity check in the input routine. The next two characters
indicate whether a start and stop were found. An *S'Y indicates
that the stripe in gquestion was present. The five digit number
with the decimal point is the time in microseconds from the
optical reference pulse to the start stripe for the scan. The
three digit decimal number is the inter-module period is
microseconds. Resolution is .8 microsecond. The pound symbol
{#)} always appears and represents the start stripe whether it was
read correctly or not. The same is true for the asterisk, which
represents the stop stripe. The ten numbers between them are the
numerical values represented by the various stripes, while the

final digit is the value of the parity stripe.

C-10



IR AR SR 0 e

when STAGE6 outputs a label value, confidence is always a
10, there is no start or stop, the time~to-start-stripe is zero,
and the inter-module period is 12.8. All output messages are
terminated by a CR/LF followed by & null character. The TTY
output driver sends a series of characters to the TITY until a

null character is found. It is called TTYOUT, and runs at *220*.

rating Instructions

The program is fully operational as soon as power is turned
on, although it may Le necessary to hit Reset to make sure that
everything is running properly. The user should ascertain that
the baud rate switches on the MCB match the speed of the output
device being used. Speed setting reguires turning oft PDP power,

removing the MCB, and appropriately setting the switches.

E Routine Listings

Program listings can be obtained from TSC upon reguest.
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APPENDIX D
PROGRAM LISTING
COPIES CAN BE OBTAINED FROM:

Technology Sharing Office/DTS-151
DOT/Transportation Systems Center
Kendall Square

Cambridge MA 02142
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