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This report summarizes the we 1ed by Boeing Aerospace Company 
under the Advanced Group Rapi... .. _,,_. _ (AGRT) Contract, DOT-UT-80041. 

The results of this research are being made available to the transit 

community in the interest of information exchange without charge. We 

direct this writing to those professionals engaged in the managerial, 

operations, and maintenance activities of the transit community. 

We have two goals in presenting this work. One, to provide an insight 

into this developing technology, and to describe our method of managing 

the technology and resources in the context of reaching for Automated 

Guideway Transit goals established by the AGRT contract. 

Two, to identify resulting critical technologies that may be adaptable to 

existing transit operational, maintenance, and management functions to 

lower operational costs, improve reliability, and enhance productivity. 

We regard this report as a starting point rather than an ending. The 

methods and technology we describe here are mature, available, and have 

been proven in many diverse applications. Given closer ties between the 

research and transit communities, the work accomplished and the lessons 

learned on the AGRT Contract will bear fruit. 
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1.0 EXECUTIVE SUMMARY 

This su1TJTiary and the detailed reports noted below document a developing 

technology supporting advanced Automated Guideway Transit. The Advanced 

.Group Rapid Transit program su1TJTiarized in this report focuses on the 

identification and implementation of the critical technologies required 

to safely command and control the movement of unmanned vehicles along a 

guideway. 

The AGRT's Co111T1and and Control System, which incorporates the critical 

technologies, safely controls the movement of vehicles within extremely 

short three-second headways. Th is capability to control the movement of 

vehicles within short headways met initial program goals and was substan
tiated utilizing an elaborate test set that exercised the final program 

hardware and software. 

Numerous innovative design features have evolved during the development 

of this system that could be utilized in many areas of the existing 

transportation industry. Transfer of the technology, through cooperative 

efforts of the research and transit communities, into existing and new 

transit systems will enhance system efficiency and mitigate the transit 

subsidy trendline. 

This report is organized to provide the reader an insight into the 

management and development of this technology. A history of the program 

and its dependency on earlier developed and implemented technology is 

provided. The identification and description of the critical technolo

gies incorporated into the Command and Control System follows. Key 

issues and goals are documented as defined by the Urban Mass Transporta

tion Administration for the introduction of microprocessor-based control 

systems. 

The attainment of these goals is summarized. Emphasis is given to safety 

of the checked redundant microprocessor-based Command and Control 
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System. Possible applications of specific derivatives of this technology 
to existing and potential transit systems are noted. A more definitive 
explanation of these subsystems incorporating the critical technologies 
is provided in the following sections . The detailed reports noted below, 
provide comprehensive design, development, and test data: 

Vehicle Control Unit (VCU) - Final Report (reference 43) 
Guideway Communication Unit (GCU) - Final report (reference 41) 
Odometer Data Downlink Collision Avoidance System - Final Report 
(reference 42) 

The analytical phase of the program that established the AGRT system and 
safety requirements is described in the context of applying (and ex
plaining) system management and system engineering methods. Specific 
tools are described that could conceivably be used in existing transit 
applications. These include Failure Modes and Effects Analysis (FMEA), 
Fault Tree/Probability Analysis (circuit, timing, and error analysis), 
and quantitative safety analysis. 

Summary conclusions detailed in Section 9.0 are noted as follows: 

1) The technology developed supports the partial automation of existing 
systems and more complete automation of new systems. 

2) Long range research and development directed to implementation of 
the technology to enhance transit efficiency and productivity should 
be continued. 

3) Safety and evaluation standards for implementation of microprocessor 
based control systems are required. 

4) A steering action group directed to monitor the implementation of 
automation to enhance transit system productivity is recommended. 

2 



2.0 INTRODUCTION 

This report Summarizes the Advanced Group Rapid Transit (AGRT) Phase II-B 
Program including an overview of the system and its components, results 
of the program, significance of the technical achievements, and the 
safety, economic, and dependability features of the system. 

A list of related reference material is contained in section 10.0. The 
reader is encouraged to obtain the referenced material that may be of 
interest. All the documented studies listed are available to the U.S. 
public through the National Technical Information Service, Springfield, 
Virginia, 22161. Papers can be found in the documentation of the various 
professional conferences as noted in the references. 

EARLY HISTORY AND GOALS 
Boeing began independent studies of AGT Systems as early as 1962 but the 
main effort was initiated in May 1971 when we were placed under contract 
to UMTA for design, fabrication, and test of the Morgantown People Mover 
(MPM) Vehicle subsystem. Subsequently, in August 1971 we became system 
manager for the Morgantown System. Extensive studies and analyses of 
Automated Guideway Technology being developed by Western Germany, France, 
England, and Japan were undertaken. A strong organizational team was in 
place to support the AGRT program. 

The AGRT program historical roots date back to the Department of Trans
portation (DOT) sponsored Transpo 72, a transportation exposition at 
Dulles Airport in Washington, D.C. The AGRT program (initially called 
High Performance Personal Rapid Transit) goals as stated by DOT-UMTA were 
twofold: 

One, to develop the technology of automated command and control, safety 
protection, and communication systems that could provide a significant 
increase in the flexibility, efficiency, and productivity of transit ope
ration as compared to conventional bus and rail operations. 
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Two, to integrate these advances into a prototype system so that the 

technology could be demonstrated to the industry in an operational 

setting. 

Performance goals were to provide dispersed origin-destination service 

for medium density urban areas. To achieve this, the system would 

operate a large fleet of vehicles over an extensive guideway network, 

with peak line capacity in excess of 14,000 seated passengers per lane 

per hour in 12 passenger vehicles. The combination of vehicle size and 

line capacity dictated operating at headways as low as three seconds. 

(In contrast, we had designed Morgantown to operate at 15 second 

headways.) 

AGRT - PHASE I - PHASE !IA 

Initially, AGRT was a two-phase development program with three prime con

tractors: the Boeing Company, the Otis Elevator Company, and Rohr Indus

tries. Phase II was originally intended as a full scale prototype de

velopment by one contractor selected from the original three. After the 

completion of Phase I however, a decision was made to split Phase II into 

two parts. All three contractors continued work on their separate design 

approaches in Phase II-A, but this phase was constrained to design re

finements and laboratory testing of selected key hardware and software 

elements. At the completion of Phase II-A Rohr Industries Inc. withdrew 

from the program. Rohr then signed a licensing agreement with the Boeing 

Company granting rights to their integrated magnetic propulsion and sus

pension technology (subsequently designated Mag-Lev). 

PHASE I IB 

The thrust for the AGRT Phase I I-B fo 11 ow-on program was noted in the 

proceedings of the conference on Automated Guideway Transit Technology, 

February 28-March 2, 1978 (1). The conference chairman, at that time 

the Associate Administrator for Technology Development and Deployment, 

Urban Mass Transportation Administration, stated: 11 We are in the AGT 

business because these systems do hold out the promise of being able to 

pay for their operating and maintenance costs out of the fare box. 
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Because of that, I believe it is worthwhile for the Government and 
Industry to pursue this kind of alternative, not as a cure-all, not as a 
substitute, but as a complement to existing transportation systems." 

AGT research and development was further supported by studies and reports 
undertaken by the Office of Technology Assessment (OTA). One extensive 
study on Automated Guideway Transit was documented May 1975 at the 
request of the Senate Committee on Appropriations Transportation (2). 
Another extensive assessment report on AGRT (including Mag-Lev) was docu
mented January 1980 at the request of the House Committee on Appropr i a
ti ons (3). 

Figure 2.0-1 summarizes spending for Capital Grants, Operations and Main
tenance (O&M), and Research and Development (R&D). This data emphasized 
the need for R&D, such as AGRT, to reduce and eventually eliminate 
operating and maintenance subsidies (4). 

AGRT - TECHNOLOGY BASE 
The AGRT Phase II-A studies and the Phase II-B proposal extended the 
technology developed and implemented on the Morgantown People Mover 
(MPM). Our use of the MPM system as a viable research and development 
test bed is well illustrated in the design of the AGRT Command and 
Control System (C&CS). The MPM vehicle management sub-system is 
centrally synchronous--that is, the position of all vehicles is known at 
all times at central control and they move in synchronism determined by 
central control. This system established a practical limit on the number 
of vehicles that can be so controlled. The AGRT C&CS decentralizes con
trol so that vehicle control is delegated to the local control level; 
central performs only the supervisory functions that do not interact with 
the vehicle in real time. The local control system is thus a logical 
system module which can be replicated as needed in expanding the system 
incrementally. Our proposed AGRT/EDS System is shown in Figure 2.0-2. 
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3.0 PROGRAM SUMMARY AND RESULTS 

This section provides a summary and results of the technology derived 
from the AGRT-EDS program. This program established the feasibility of 
microprocessor-based control systems for general application to urban 
mass transit. This control system was incorporated in the AGRT-EDS sub
system identified as the Command and Control System (C&CS). 

To assist the reader in understanding the material, we provide a brief 
introduction to the nomenclature abbreviations and acronyms used to 
identify functional elements of the AGRT-EDS system. This is followed by 
an outline of the major AGRT-EDS subsystems encompassing the critical 
technologies. The outline is intended to provide the reader with an 
insight into the critical technologies in the context of their develop
ment in the AGRT-EDS system. 

ABBREVIATIONS and ACRONYMS 
The critical technology is incorporated into two critical elements of the 
AGRT-EDS identified as the Longitudinal Control System (LCS) and the 
Collision Avoidance System (CAS). The LCS and CAS are functionally 
incorporated into the AGRT-EDS Command and Control System (C&CS). The 
AGRT-EDS C&CS is composed of a Test Track Command & Centro l Subsystem 
(TCCS), a Guideway Command & Control Subsystem (GCCS), and a Vehicle Com
mand & Control Subsystem (VCCS). 

In turn, the GCCS is composed of the Guideway Communication Unit (GCU) 
and the Odometer Data Downlink Collision Avoidance System (ODDCAS) - Way
side Collision Avoidance System (WCAS). The VCCS encompasses the Vehicle 
Control Unit (VCU) and the ODDCAS-Vehicle Collision Avoidance System 
( VCAS). 

System Design Reviews (SOR) are formal technical reviews, providing 
approval of the system specification and establishment of the functional 
baseline. Preliminary Design Reviews (PDR) are technical reviews on con
tract configuration items, i.e., VCCS, which approve subsystem specifi
cations establishing the allocated baseline and authorize start of 

11 



f(Al 
~W.TN 

,.OGAJ." 
MMClKWT 

IJ(SICII 
l[VICIIS 

ST1Tfll 
[ll(;IIICUI~ 

Y(HIQ.[ 

ucs 
• YCU 

( l•O.IUS YOJ 
nu ~II 

·"" 
..... 

• OOOCAS w 

•ScrlWUC 

STU ..:>OS 
• rutLU 

• GIJIC(WAY 

TTST P'\.A"1 I 
P. .xi liUR CS 

~Cll.ATCJIY 
,. ~.Al IOII 

lUI~ 

FIGURE 3.0-1 

AG RT-ENGINEERING DEVELOPMENT SYSTEM-COMMAND, CONTROL, AND COMMUNICATIONS - C3 -TIER I SCHEDULE ·nz· 
1919 I 19,0 ( 19111 I ,.,~, '-----~l?A) ______ f_____ 1?114 I l?~J 

n l , , HT rTn 1 , ct 1 1 1. 1 u • , Trz IJW J 1 , 1 " 1 A DfQ r J I A 1 ~ 1 o ITT r, r .i tu .. 1 • 1 " 1 J , J , • , ~ , o , H , o , J r TT " 1 • 1 " 1 J , J JA , s , o , .. , o 

l
LU , LIJ"lkALJ ,,1, OJU~UUOl-111 : , . . . I fJ W-AJ-fAO 

OH (. I PAl)G , !PAOG, llf'l. PLAN IEYISION (DlU-60001-Z) ASSlKD ,u 
~i:t~CT, up111~ HOil I .~Aor~~ mllwr ,.,.;o. ll r--j 

4 4' I : SAF(l' ' SJH(II ' 11)() '" · 
IOIITIU ST OI J vi 11 (H S f(lt CU CCU lo OOC Pl~ 

' I I ' ll, 

HPOUS fo.H~•LY !"s~rc ,,l~~lPI Jt11 ~v.1(11 ll r.r I-.-.:J 
fl IIAl SI'S ITN 
SAfCff 
ac_ll£w 

I sti I ~Af[j; vcutris'/\lt t ~~~s ooot-.s mr s m' j OOOCAt J 
(SSl6l-90000-1C) c[Y')" PD• : TT S/11 ml '°" SIJ1~U/~AII ! WI ssm 

I I c.u I : • ____ y · I , y ?r,000-• 

SSl62•90000•ll I YCU YI ur Yell & OOOC.U I 
.I. : -~-:.LI D. I 

: rcsr •~r•s ,~ CCtf'L 
t----~----,-_._r--..-!---+---!----r---------,..._--.-4. If IIIAl) l 

ls(~llat~ J) PROPIJl~
1

l011 V(H. PRCW. SYSTEM Y[H C/0 1v£qiT sn n!,cu & ya, · - ,r.oc. POil 011-oou ai,<r • S • • SCT AYAIL. 
: I : C f,(S , llYICV fOQ HSI 

I POA SPCC. (Sj6l-90006-l) OOAl CliANll{l AVAIL S,(C 
, : SPEC (Sl6Z-900ll-1) , HAI 11011/S/III INTE!i, ll'DArl 
' I J• I • If 

I!: 
Io· ... 

c ' 
u' 

I 
..,, ; 

I;: . ... ... ... ,.. 

I I oooc~s ,tA I ct. m~~f ~,,w_ 

D£jJ~~~: :.~o_• __ rr _____ t __ ;•··1 I ~P~T 

I 
I 

1u~l,r. l,cOII I sttc(Sl6Z-900ll-l) 
__., .,. , y I 

~ 

4 
C.t.a 

4 I ----; .,I. 

I SP[ C. PROD. SPEC 
(Sl62-~0500-Z)(0362-90520-l) 
; I I 

.. I 

' :, ., .. 
C 

I 

' ... _, 

"": i: ... 
c • 

-· 
.c • 
u' 
"': ~-... ..: 

"" a, ..... 

cc' I .. 
' ~: .... , 
I 

I 
TRAllER 

, 

,00 Rrr·s :I 

Pll[l. ,tw 
lt:JO ll~" 

YCU TYP[ ~PROYAl I 
'ACClP. rrsr Pl.All 

TCW L£YEL 
HST PlAN 

(Ol6Z - ~0000-1 I 

I 

,, 
' . 
I 
I 

' ·~ : 'wru OES 
: ,u1r. nsr 

.,! PUJI 
-· y 
-o• ... 
c• 
v • 
""; 

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

a , ..... 

, 

wru rrn 
SH INIC,. 
UST PROC. 

_{,/_ 

STAil CU 
V( Rlf. 
TUIING 

'fJ 

[ICMIY[ 
s..w.u 

Sl 

I ·: -· .... 
nr• "'' ',, ...,, .. '. ... 

,: .... 
cc' ~: I I 

" ' .... 
DC' ...,, ... 

c-:. 
,ru 

TBTIH' 
co+'llT[ 



VEHICLE COMMAND & CONTROL SUBSYSTEM (VCCS) 

The VCCS, at the lowest level of control, serves as the eyes, ears, and 

brains of the unmanned vehicle. It is responsible for the control and 

safety of the vehicle. The VCCS is an electronics package consisting of 

the vehicle's portion of the Collis .ion Avoidance System (VCAS) and the 

microprocessor based Vehicle Control Unit (VCU). Following the PDR the 

VCU specification was approved and detailed design was initiated. This 

detailed design was presented at CDR and fabrication was authorized. The 

VCU was completed and verified to drawing; verification testing is 

covered in Section 7. 

COLLISION AVOIDANCE SYSTEM (CAS) 

The Collision Avoidance System is intended to prevent vehicle collision. 

Collision Avoidance equipment includes Vehicle CAS (VCAS) which uses 

vehicle-borne ODDCAS elements to format and send speed and position 

reports to wayside equipment; these reports are used to determine if safe 

separation exists between vehicles. This wayside equipment is referred 

to as Wayside CAS (WCAS). It uses ODDCAS elements which were to be 

installed on ramps, in channels, at merges, diverges, and on the main 

guideway. The WCAS removes a safe-to-proceed signal from the guideway to 

prevent an unsafe condition. The ODDCAS specification was approved 

following PDR. Following CDR, selected ODDCAS hardware was fabricated 

and checked out in support of VCU verification testing. 

PROGRAM TESTING OVERVIEW 

Thorough testing using a comprehensive computer simulation program con

firmed the capability of the C&CS system to meet its specification 

requirements. In turn, the design approach provides 11Traceability 11 to an 

Urban deployed system. The computer simulation, which is a very cost 

effective tool, is more fully covered in Section 7. 

ADDITIONAL PROGRAM SUBSYSTEM DEVELOPMENT 

Interfacing with the C&CS are the Vehicle and test track. Extensive pre

liminary design work, including design trades, and tests on vehicle sub

systems were accomplished (prior to termination of the AGRT vehicle). 

Extensive design work was also done on the modified 11 MPM 11 vehicles. The 
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SYSTEM SPECIFICATION/ METHODOLOGY OVERVIEW 
The Phase IIB letter contract signed September 19, 1978 directed initial 
effort in contract tasks such as "Design Analysis and Trade Studies", 
"System Characteristic Studies", ·"Critical Item Development Plan", 
"Stopping Distance Report", and ''Program Implementation Plan". 

These activities, described more fully in Section 4, constitute system 
engineering and system management functions which provided Mission/Func
tional analyses. These analyses, in turn, led into Critical Technology 
definition permitting formulation of objectives. This period involved 
very close and frequent technical coordination with DOT-UMTA, DOT-TSC, 
The MITRE Corp., and Battelle. The thrusts were to develop the AGRT 
System Specification (SS362-90000-2) with emphasis on the incorporation 
of safety criteria and to determine exactly how detailed specification 
requirements would be verified at the test track to be "Traceable" to a 
deployed urban system. (See Figure 3.0-3) 

The AGRT-EDS System Specification was superseded by the AGRT-EDS Command, 
Control, and Communications Specification (SS362-90000-4), July 1984. 
This program modification focused on the critical technologies with 
verification testing in the development lab. At the same time, we 
changed the program designation from AGRT-EDS to AGRT-EDS-c3 ( Command, 
Control, and Communication). A VCU Test Set design review held March 14, 
1984 detailed how the simulation testing program (to be conducted in our 
development lab) would fulfill the functional requirements of the vehicle 
and wayside communication with the vehicle and would provide traceability 
to an urban deployed system. 

UMTA DEFINED KEY ISSUES/ PROGRAM GOALS 
With final program effort directed to the VCU, GCU and ODDCAS development 
were curtailed following their respective CDR's (see Figure 3.0-4). UMTA 
defined "Key Issues" and ''Program Goals" at that time as follows: 
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3.1 VEHICLE CONTROL UNIT (VCU) DESIGN SU"'1ARY AND RESULTS 

This section provides a summary and results of the microprocessor-based 

VCU design. The focus is directed to UMTA's key issues and program goals 

as noted in Section 3.0. 

SPECIFICATION CONTROL 

The final AGRT-EDS safety review held September 26-27, 1984 comprehen

sively covered the safety concerns noted by UMTA. Figure 3.0-3 (from 

this safety review) reflects the incorporation of safety criteria into 

the initial System Specification and into subsequent iterations. Figure 

3.1-1 depicts the allocation of safety requirements from the specifica

tion. The specifications incorporating the safety requirements were 

approved following System Design Reviews held April 7, 1980 and July 15-

16, 1981. 

Not shown in Figure 3.1-1 is the allocation of specific safety require

ments to the "Prime Item Development Specification for Engineering 

Development System-Vehicle Control Unit" (S362-90006-1C). The VCU 

Specification, like the System Specification, is organized with Section 

3.0 defining design requirements and Section 4.0 defining Quality 

Assurance requirements. Figure 3 . 1-2, "VCU Design Verification Process", 

depicts a page of the VCU specification showing how requirements in Sec

tion 3.0 are to be verified. 

Fi gures 3.1-3 and 3.1-4 from the final system safety review are presented 

t o provide the background of earlier System Engineering Safety 

activities. 

• The third item on Figure 3. 1-3, "Boeing formulated an accepted safety 

design approach through fail-safe, checked redundant, and safe life 

criteria for design", is the heart of the VCU design. 

These safety criteria drove the VCU (as well as GCU and ODDCAS) design. 

During the AGRT-EDS development, factors necessary for application of mi-

croprocessors to safety critical designs were identified; techniques 
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·······································································································~ 
TABLE 4.2-1: QUALITY ASSURANCE REQUIREMENTS VERIFICATION (Cont.) 

SPECIFICATION 
PARAGRAPH TITLE SUCCESS CRITERIA 
3.5.2 . 7 Longitudinal Control Per Requirements: Calculation 

of Command Profiles; Propulsion 
Contactor Control; Position Cor
rection; Performance Level; Start-Up 
Timer; Jerk and Acceleration Limits; 
Closed Loop Emergency Stop; Forced 
Brakes; Station Stop Profiles; Speed 
and Position Error; Overspeed and 
Underspeed; Torque Corrrnand; Motor 
Command; Brake Command 

173 
S362-90006-1C 

Inspection A= Analysis T = Test D = Demonstration 

3.5.2.7 Longitudinal Control Major Function 

This major function controls vehicle longitudinal movement along the 
gu ideway by generating motor and brake torque corrrnands based upon data 
received. This major function shall be performed during the first and 
second Minor Frames. It shall be composed of the Corrrnand Module, Speed 
and Posit ion Contro ll er, and the Signal Conditioning Functions (see 
Figure 3.5 . 2.7) 

85 

S362-90006-1C 

FIGURE 3.1-2: VCU DESIGN VERIFICATION PROCESS 

!£THO□ 
I A T D 

X X 

.......................................................................................................... 
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were developed to address these factors. This report can only provide an 

overview of these factors and techniques. We recommend an in-depth study 
be made by all concerned with safety in the application of microproces

sor-based control systems in transit _applications. 

VCU DESCRIPTION 

The AGRT control hierarchy (Figure 3.0-2) allocates control functions to 

the lowest possible level; hence, the Vehicle Control Unit (VCU) per

forms most of the contro 1 and safety processing. Because the VCU is 

carried on the vehicle, this approach permits use of a low speed data 

1 ink between the vehicle and the wayside, and it reduces the need for 

safety critical processing at higher levels of the control hierarchy. 

However, this approach increases the comp 1 ex ity of the V CU and requires 

that virtually all VCU processing be done in a safe manner. Much of this 

processing is associated with longitudinal speed and position control, 

speed limit enforcement, door control and interlocks, fault monitoring 

and reactions, etc. It was judged that these complex processing require

ments could not be met using traditional "failsafe" electro-mechanical 

vital elements due to inherent limitations of such devices. Instead the 

VCU design solution relies heavily on microelectronics to achieve safe, 

reliable performance within reasonable volume, weight, and power 

limitations. 

Figure 3.1-5 provides the basic definition of three safety principles, 
11 Fai 1-Safe", "Checked Redundant", and "Safe L ife 11

, that were avail ab le to 

the VCU hardware and software designer. Figure 3.1-6 provides further 

definition of safety terminology. Figure 3.1-7 identifies categorization 

of failsafe implementations relating to high technology. 

Since design and safety engineering analyses concluded that micro

electronic devices are neither "Fail-Safe nor "Safe Life", the final VCU 

design is "checked redundant" in both the hardware and the software. 

The VCU accordingly meets UMTA's defined goals through application of 

checked redundant design. This concept employs independent dual redun

dant microprocessors and system status sensors, and independent, redun-
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I 

DEFINITIONS OF SAFffi TERMINOLOGY 

o SAFETY CRITICAL FUNCTION -

o A FUNCTION THAT MUST BE PERFORMED WITH A SPECIFIED DEGREE OF 
CONFIDENCE TO GUARANTEE THAT THE SAFETY GOALS OF THE OVERALL 
SYSTEM ARE MET. 

o MAY BE IDENTIFIED AT THE LOWEST LEVEL DISCERNIBLE. 

o REQUIRES USE OF A SAFETY-CRITICAL ELEMENT . 

o SAFETY-CRITICAL ELEMENT -

o A PIECE OF EQUIPMENT, OR COLLECTION OF EQUIPMENT, THAT IS 
PERFORMING A SAFETY-CRITICAL FUNCTION. 

o IS FAILSAFE BY USE OF CHECKED REDUNDANT OR FAIL-SAFE 
PRINCIPLES. 

o VITAL ELEMENT -

o A PIECE OF EQUIPMENT, OR COLLECTION OF EQUIPMENT, THAT HAS 
(AT LEAST) ONE FAILURE MODE, OR FAULT CONFIGURATION, THAT IS 
SO IMPLAUSIBLE THAT IT IS CONSIDERED IT WILL NOT OCCUR. 

ANO 

o THIS CHARACTERISTIC IS PUT TO ADVANTAGE IN PERFORMANCE OF A 
SAFETY-CRITICAL FUNCTION. 

FI6URE 3.1.6 

CATEGORIZATION CF FAILSAFE I"'LEPENTATIONS 
RELATING TO HIGH TECHNOLOGY 

o CHECKED REDUNDANT 

AN IMPLEMENTATION EMPLOYING THE PRINCIPLE OF CHECKED REDUNDANCY . A 
SAFETY CRITICAL FUNCTION IS PERFORMED IN TWO INDEPENDENT CHANNELS 
AND THE RESULTS ARE CHECKED AGAINST EACH OTHER TO DETECT 
(POTENTIALLY) UNSAFE FAILURES. A SAFE REACTION IS TAKEN BEFORE THE 
CONSEQUENCES OF A FAILURE CAN RESULT IN A HAZARDOUS CONDITION, OR 
BEFORE A SECOND SIMILAR FAILURE IN THE OTHER CHANNEL CAN OCCUR, DE
FEATING FAILURE DETECTION. 

o FAIL-SAFE 

ALL OTHER IMPLEMENTATIONS WHICH CAN BE SHOWN TO BE SAFE . 
(i.e., DOES NOT EMPLOY CHECKED REDUNDANCY FOR SAFETY AND HAS NO 
PLAUSIBLE UNSAFE FAILURE MODES OR FAULT CONFIGURATIONS.) 

o SAFE LIFE 

TRADITIONALLY ASSOCIATED WITH STRUCTURAL COMPONENTS BUT APPLICABLE 
TO ANY RELEVANT IMPLEMENTATION IF REGARDED AS A S~ECIAL CASE OF A 
FAIL-SAFE IMPLEMENTATION. 

(i.e., DOES NOT EMPLOY CHECKED REDUNDANCY FOR SAFETY AND HAS NO 
PLAUSIBLE UNSAFE FAILURE MODES OR FAULT CONFIGURATIONS WHEN 
INSPECTED AND SERVICED AT PREDETERMINED MAINTENANCE INTERVALS:-Y-

FIGURE 3. 1.7 

Fr011 AGRT Final Safety Review 
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........................................................................................... 

SAFETY CHECKS 

PRIMARY 
SAFETY CHECKS 

8 

THE "ONION SKIN" APPROACH 

o CONTROL: 
(vehicle control logic) 
speed and position conmand processing 
steering and door management 
comnunication management 

o PRIMARY SAFETY CHECKS: 
(S/W: data format anomaly control) 
Invalid data control 
register overflow checks 
truncation error control 
range checks 

o SECONOARY SAFETY CHECKS: 
(S/W: data consistency checks) 
odometer cross checks 
data rate of change checks 
motion profile control 
cumulative error control 

o TERTIARY SAFETY CHECKS: 
(S/W: redundant software) 
A-8 algorithm checks 

(H/W: vehicle status anomaly checks) 
brake pressure checks 
motor torque checks 
hydraulic pressure checks 
voltage checks 
X-channel sensor disparity control 

(H/W: microprocessor checks) 
control flags check 
CPU registers check 
RAM and Rom checks 
dynamic exercising of emergency code 

(H/W: redundant hardware) 
A-A algorithm checks •punch-in" key 

FIGURE 3.1-8 SAFETY HIERARCHY •.......•.••••••.•••••••.••.•.•..••...•................................................... 
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For example, consider a failure of a memory cell in only one channel of 

the dual control system. If that cell were used continually in the gene
ration of vehicle control commands, its failure would be detected by the 
cross channel disparity check of the control commands. This primary 
check is done every forty milliseconds. This frequency of check assures 
detection and reaction in ample time to be safe. The failure of a memory 
cell used only under emergency conditions could remain undetected in both 
channels over a long period of time. This could result in an unsafe 
failure unless, independent of the normal disparity check cross channel, 
that cell is checked to prevent undetected common failures. The check of 
the seldom used cell is done often enough to make the probability of that 
element failing undetected in both channels negligibly small. The 
requirement set by the designers was to make the check on all RAM (Random 
Access Memory) cells every 9 (nine) minutes. The implementation does it 
once every two seconds. 

Every element of the safety critical software path must be checked for 
failure. Software by its nature does not have a decay rate; it is 
either correct to start with or it contains errors that will result in 
erroneous commands under given conditions. Assuring that the software is 
error free isn't now technically feasible. To assure that such errors 
(which would result in common mode failures) are detected two check 
schemes were introduced. 

The first involves the exercising of the code under dynamic conditions 
with false data that is deliberately skewed to result in simulated 
failure conditions. The resulting output of the code must be one of com
manding a safe reaction; otherwise, a real emergency reaction is 
initiated. If the response is as expected, the true data is restored and 

normal control continues. 

The second involves dissimilar software. Certain algorithms that are 
critical to the safe operation of the vehicle are designed redundantly 
within each of the two redundant channels (Symmetrical and Dual Dis
similar Software). Vital vehicle data or commands are first generated in 
a primary algorithm ( 11A11 algorithm). A secondary algorithm ( 11 B11 
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3.2 GUIDEWAY COMMUNICATION UNIT (GCU) DESIGN SUMMARY AND RESULTS 

This section provides a summary and results of the microprocessor-based 

GCU design. The focus is directed to UMTA's defined issues and program 

goals as noted in Section 3.0. 

SPECIFICATION CONTROL 

Like Section 3.1 on the VCU, the emphasis of this section is directed to 

the incorporation of the safety criteria in the hardware and software 

design of the GCU. Section 4.3 provides further GCU subsystem descrip

tion. Reference 41 provides a detailed documentation of the GCU hardware 

and software design. 

The final AGRT-EDS System Safety Review, as discussed in Section 3.1 on 

the VCU, applies also to the GCU. Safety criteria from the AGRT-EDS-c3 

System Specification were also allocated to the AGRT-EDS Guideway Command 

and Control Development Specification. The GCU specification, like the 

VCU specification, sets forth Quality Assurance requirements to provide 

"traceability" to an Urban Deployed System. 

GCU DESCRIPTION 

As noted in Section 3.0 and Figures 3.0-2 and 3.0-4, the GCU is a sub

system of the GCCS which is the mid level of the C&CS control hierarchy. 

As previously described, the GCU serves as a communication link between 

the station (TCCS) and the vehicles (VCCS) on the guideway. The GCU con

sists of corrmunication circuits in the station and communication equip

ment installed on the guideway. 

The primary safety requirement of the GCU is to generate a speed limit in 

a failsafe manner and react to erroneous speed limit transmission by 

removal of the 11 Safe-To-Proceed 11 (STP) signal. As noted in Section 4.2, 

and detailed in reference 41, the STP signal is encoded in the 11 uplink" 

message being continually transmitted (every 40 ms) from the wayside to 

the vehicle over the Inductive Communication System (ICS). 
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simultaneous failure is small, the fixed reference does provide a 

slight improvement. 

Use of a fixed standard (refer~nce pattern) instead of the output 

from a redundant monitor is feasible for the Speed Limit Checker 

because a speed limit error can only be caused by equipment failure. 

This approach is not applicable to the CAS because CAS STP removal 

will usually be initiated by a vehicle conflict (minimum safe 

separation violation). The latched STP removal initiated by the 

disparity detector would be inappropriate for an ordinary conflict 

since the STP must be restored as soon as the conflict is resolved. 

In summary, the funct i ona 1 requirements of the Speed Limit Checker are 

unique in several aspects which make a redundant checker unnecessary: 

1. The redundancy between the Speed Limit Generator and the Speed Limit 

Checker. 

2. The lack of latent speed limit failure modes in the communication 

monitor. 

3. The high level of self exercising confidence possible in the Speed 

Limit Checker. 

4. The applicability of a fixed standard. 

SOFTWARE SAFETY DESIGN 

The following provides a discussion of safety implementation from the 

perspective of the GCU software designer (41): 

The central point in the design of the SLC software is safety; the SLC 

must be failsafe since the uplink speed limit must be generated and 

transmitted in a failsafe manner. For the SLC, this means that all hard

ware and software failures must result in an output which is detectable. 

Failure of the microcomputer to correctly execute instructions, or 

failure of instructions (or one instruction) in program memory, or 
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3.3 ODOMETER DATA DOWNLINK COLLISION AVOIDANCE SYSTEM {ODDCAS) DESIGN SUMMARY 
AND RESULTS 

This section provides a sunmary and_ results of the microprocessor-based 
ODDCAS design. The focus is directed to UMTA's defined issues and pro
gram goals as noted in Section 3.0. 

Like Section 3.1 on the VCU, the emphasis of this section is directed to 
the incorporation of the safety criteria in the hardware and software 
design of the ODDCAS. Section 4.3 provides the ODDCAS subsystem descrip
tion. Reference 42 provides a detailed documentation of the ODDCAS hard
ware and software design. 

SPECIFICATION CONTROL 
The final AGRT-EDS system safety review, as discussed in Section 3.1 on 
the VCU, applies also to ODDCAS. Safety criteria from the AGRT-EDS 
System Specification were also allocated to the ODDCAS Specification. 
The ODDCAS specification, like the VCU specification, sets forth Quality 
Assurance requirements to provide "traceability" to an urban deployed 
system. 

ODDCAS DESCRIPTION 
As noted in Section 3.0 and Figures 3.0-2 and 3.0-4, ODDCAS consists of 
1), a Vehicle Collision Avoidance System (VCAS) which when integrated 
with the VCU, becomes the Vehicle Command and Control Subsystem, and 2), 
a Wayside Collision Avoidance System (WCAS) which when integrated with 
the GCU, becomes the Guideway Command and Control Subsystem. 

As the name implies, ODDCAS utilizes on-board vehicle odometer data to 
man i tor vehicle speed and pas it ion throughout the gu i deway. The design 
employs eight and sixteen bit microprocessors and incorporates unique 
self-exercised software to detect potentially unsafe latent failures 
within the hardware. 
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4.0 SYSTEM AND SUBSYSTEM OVERVIEW 

This section focuses on the program analysis phase of the AGRT 
contract. The analysis phase established requirements that 
subsequently were incorporated in System and Subsystem 
Specifications. The following tasks were accomplished in the early 
analysis phase of the contract: 

Task 2. 
Task 3. 
Task 4. 
Task 5. 
Task 6. 
Task 6.a 
Task 7. 

Task 8. 
Task 9. 
Task 10. 
Task 11. 

Program Implementation Plan. 
Program Documentation Plan. 
Test Facility Layouts. 
Test Facility Reports. 
Design Analysis and Trade Studies. 
Engineering Development Specification . 
Critical Item Development Plan. 
Engineering Facility Technology Verification Capability. 
System Characteristic Studies. 
Revised AGRT Program Proposa l . 
Stopping Distance Studies. 

Activities associated with these tasks are scoped and best 
understood in the context of the ir accomplishment through System 
Analysis, System Management, and System Eng ineering methodology and 
techniques. 

The contract analysis phase was a transitional period. It 
encompassed the final documentation of Phase !IA activities in the 
fall of 1978. 

The analysis phase continued in Phase IIB with program activities 
associated with the development of the initial Phase IIB AGRT 
Specification and System Design Review held in April 1980. The 
analysis phase continued with the development of the superseding 
AGRT-EDS Specification and updated System Design Review held in 
July 1981. 
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System Engineers and Subsystem Designers as derived from computer 

simulation. This activity subsequently was documented in Task 11, 

"Stopping Distance Report". 

The System Engineering organization, encompassing safety and re-

1 iability engineering, was responsible for the System Specifica

tion; the EDS System Description; System Characteristic studies; 

and coordination and firming of system interfaces. 

The Subsystem design organizations (Vehicle, C&CS, Guideway Struc

tures, and Power Distribution) were responsible for Conceptual de

sign trades and supporting Laboratory testing. Conceptual design 

trades such as Test Track alignment, Propulsion systems concepts, 

and steering and switching concepts, impacted requirement analyses 

being developed by System Engineering and Design Analysis. 

In System Management "parlance" this analysis phase culminated in 

the definition of the "Functional Baseline". During this analysis 

phase, periodic technical interchanges were held with UMTA and 

UMTA's supporting consultants. Program and Safety Reviews provided 

detailed information pertinent to all aspects of the developing 

program. The System Design Review (SOR) established the functional 

baseline. The AGRT System Specification and system interfaces were 

approved following the SOR. Subsequent changes to the released 

System Specification and defined interfaces were subject to System 

Management Control per the Configuration Management Plan. 

Figure 4.1-3, from the PIP, shows the relationship of baseline pro

gression to major reviews. This figure has been modified per the 

AGRT-EDs-c3 program. As shown in the Figure, completion of the SOR 

on July 15, 1981 authorized the start of preliminary design in 

accord with the System Specification. Subsystem design proceeded 

in accordance with selected design concepts and allocated require

ments to subsystems within the constraint framework of system level 

documentation. The end result of this process was the definition 

of an "a 11 ocated" design baseline through the development of sub-
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system specifications. When sufficient design was completed, a 

subsystem "Preliminary Design Review" (PDR) was held. Following 

PDR, subsystem specifications were approved and placed under con

figuration control by system management. 

The PDR marks the establishment of formally allocated design 

restraints by system management. Detailed design and procurement 

of long lead items were authorized by system management. The 

preparation of procurement specifications, through which we control 

subcontracted equipment such as the vehicle propulsion subsystem, 

started at this time. 

When detailed designs were completed to a point where fabrication 

could start, Critical Design Reviews (CDR) were held. The 

aggregate of specifications and design documentation, e.g., 

drawings, define a 11 Product 11 baseline. Top level test plans (see 

Figure 4.1-2), as well as detailed test plans defining principal 

tests through which the achievement of contract objectives could be 

evaluated, were completed . Like specifications and other program 

documentation, test plans and documented test procedures were 

placed under system management change control after release so that 

uncontrolled changes could not subvert the purpose or validity of a 

test. 

The VCU test set design review provided the basis for approval of 

the VCU test set design and authorization of its fabrication. The 

review also validated the capability of the simulation lab for 

verification of the critical technologies. Test procedures and 11 as 

run 11 test reports were documented during system simulation testing 

in the development lab. Test results and reports provided informa

tion from which specification (and contract) compliance were 
evaluated. 
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FIGURE 4.1-4 Simulation Ensemble Summary 

AGRT analytical model 
• Expected value 
• Perfect merges 
• Ideal trip times 
• Evenly spaced vehicles 
• Parametric output 
• Easily modified/inexpensive 

Coarse network simulation 
• Individual passengers and vehicles 
• Station throughput-dwell only or simplified moveup 
• Follows quantized time-varying passenger demand 
• Functionally reflects deceleration/acceleration of veh_icles 
• Functional merge/demerge models 
• Outputs service-related performance measures 

Detailed network simulation 
• Individual passengers and vehicles 
• Follows time-varying passenger demand 
• Detailed vehicle kinematics 
• Reflects deceleration/acceleration of vehicles 
• Performs action at same time as actual system 
• Performs same procedure as actual system ; e.g., precise 

station , merge , dispatch , headway management algor i thms 
•Outputs all service-related per•'.Jrmance measures 

Station simulation 
• Precise vehicle-movement timing 
• Stochastic vehicle arrival s 
• Stochast ic vehicle strings on local guideway (impacts 

dispatch opportunities) 
• Stochastic model for door cycle t ime (models passengers 

obstr ucting closure) 
Headway simulation 

• Jerk and acceleration-limited speed profiles 
• Variable EB delay and vehicle length 
• Separate lead and trailing vehicle speed profiles 
• Calculat es stopping-distance margin based on worst case 

m inimum safe headway for t he transition 
Local control simulation 

• indi vidua l vehicles with detailed onboard controller 
• Mode selection 
• Jerk and acceleration limiting 
• Brake/motor command generation 
• Status and fault monitoring 

• Communication to message level 
• Vehicle /wayside 
• Local control /central management 

• Easi ly reconfigured to represent different guideway 
configuration by changing data base 

• Time resolution to 0 .00025 sec 
• Flexible output 
• Built-in debugging aids 

-
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Analytic dependability model (standard link) 
• Computer cumulative annual passenger delay 
• Individual vehicles and wayside elements 

• MTBF and TR 
• System operating parameters 

• Line speed 
• Operating and minimum safe headways 
• Cushion utilization 
• Load factor 
• Passenger wait time 
• Station· dwell time 

• Low-<:ost operation for parametric sensitivity studies 
Monte Carlo dependability model (standard link) 

• Completes cumulative annual passenger delay and delay 
distribution 

• Individual vehicles and wayside elements 
• Failure and restoration distribution functions 

• System operating parameters (same as analytic dependabd ity 
model) 

• Wide selection of outputs 
Network dependability model 

• Computer cumulative annual passenger delay 
• Models any t r ip in net work as series of d issimilar l inks and 

nodes 
• Individual vehicles and 1·1ayside elements on route 
• System operating parameters for each I ink (same as analytic 

dependability model) 
• Ent irely analyt ic , prov ides economic support to large number 

of network configurations and system studies 
Life cyc le cost model 

• Based on UMTA WBS 
• Twenty-year vehicle l ife 
• Thirt y -year life for remaining fixed assets 
• Computes capital. operating , and maintenance costs 
• Computes break-even fares fo r va r iety of financing options 

Demand generator 
• Based on UMTA-supplied demand model 
• Includes individual and bat ch (bus , t rain , .. . . )arrival models 
• Generates individual party . t ime-vary ing demands 

Longitudal control simulation 
• Thirtieth order nonlinear analytic model 
• Based on test data verified MPRT model 
• Primary tool for verifying onboard point -follower control 

system 
Lateral control simulation 

• Twenty-eight degree-of -freedom model 
• Accounts for any longitudinal motion interact ions 
• Steering system design t ool 
• Verifies vertical ride comfort 

From D336- 10043- 1 
Phase II Executive Summary 



..•••.••..••••••••••.•...•.••••••.............................••.•.......... 
ANALYSIS TOOLS 

• LOCAL CONTROL SIMULATION 

Multiple Vehicle Analysis Tool (Developed in Phase !IA) 

Uses -- Wayside Control Algorithm Development 
Definition of Guideway Layout Constraints 
System Performance Pred_ic~ion/Extrapolation 

• VEHICLE LCS SIMULATION 

Single Vehicle Analysis Tool (Based on MPM Simulation) 

Uses -- Onboard Control Algorithm Development 
Dynamic Performance & Stability Studies 
Performance Prediction/Extrapolation 

• HYBRID LCS SIMULATION 

VCU H/W & S/W Validation Tool 

Used to Verify VCU/Odometer Concept Feasibility in Phase !IA 
Needed to Support Phase 118 VCU/Odometer Development Effort 

• IMPACT OF REVISED EDS PROGRAM 

Must Update Simulations to Reflect Use of STTF & MPM Vehicles 

••........••••.•••..••.•••.••...............................................• 
FIGURE 4.1-5 
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ANALYSIS 

I 
DESIGN 
TRADES 
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PLAN 
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FIGURE 4.1-6 

···············································································································--
ULTIMATE GOALS 

1. Top-down traceability of requirements 

2. Control of system baseline 

3. Discipline to design process 

4. Integration of development of all system 
elements 

5. Reduced downstream cost9 schedule and 
technical risk 

············································································~··································· 

FIGURE 4.1-7 

From BAC presentation entitled: "System Engineering for Man~gers" 
given at System Engineering and Project Management Symposium, 
Univ. of Washington, Oct. 1984 

59 



SYSTEM ENGINEERING - SAFETY 

Figure 4.1-8, "Boeing AGRT Design Process", was presented in the 

AGRT Collision Avoidance (CAS) Safety review in March 1981. This 

figure shows the top level sequence for ensuring that all design 

and safety requirements are met. As the design process moves from 

requirements to functional allocation to design concept formula

tions and so on, a parallel safety effort ensures that the appli

cable safety criteria are met at each stage and that the criteria 

for the next stage are consistently defined and enforced. This 

process takes place whether the equipment is being designed and 

built in-house or by a subcontractor. The safety analysis at each 

design level consists of hazard identification, fault tree 

analysis, criteria specification, and "next level" criteria formu

lation. Figure 4.1-9, "Development of System Safety", taken from 

the system safety review of October 5 1982, reflects in more speci

fic detail the parallel flow of system and safety requirements. 

SYSTEM ENGINEERING TOOLS 

FUNCTIONAL ANALYSIS: 

Figure 4.1-10, "AGRT Function Tree", is an extraction from Phase 

IIA document 0190-90505, "AGRT Operations Management/Control System 

Functions". This figure shows a portion of the function tree from 

the document, and highlights the principal functions in the Engi-

neering Development System. 

paragraphs in the document. 

Numbers with the functions refer to 

FUNCTIONAL ANALYSIS PROVIDES RESPONSES TO THE FOLLOWING QUESTIONS: 

o What do we need to do to manage the AGRT? 

o What resources do we need to manage? 

o What system responses do we expect? 

o What system requirements and objectives are needed 

to control how we manage the system? 
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FIGURE 4.1-10 
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Figure 4.1-11 is an example of the LAMDA-TAU ( .X., T ) evaluation 

technique developed in the Aerospace industry to quantify safety. 

The method combines individual component failure rates assigned to 

fault events at the bottom of the tree to obtain a probabi 1 ity 

number at the top of the tree. 

Figure 4.1-12 shows follow-through of this quantitative analysis 

technique to determine time between checks of the VCU checked re

dundant design. 

WORST CASE ANALYSIS (CIRCUIT, TIMING, AND ERROR ANALYSIS) 

Safety engineers conducted several worst case analysis studies. An 

example is an internal documented study entitled: 11 Vehicle Control 

Electronics (VCE) Timing Synchronization - Safety Analysis." This 

was a safety evaluation of the watchdog timer circuits that with

hold punch-ins to the brake amplifiers if the master oscillator 

drifts. The analyses led to the recommendat i on for a daily start 

up check to detect latent failures. 

MODELS/SIMULATIONS 

Usage of models and simulations has been noted (Figure 4.1-4) pre

viously; the repetition here is to note its significance as 

another tool of system engineering. Generic use of models include : 

o System performance predictions 

o Derivation of operations sequence 

o Optimization of system design 

PROGRAM CHANGE CONTROL 

It should be noted that our AGRT organization was Research & 

Development (R&D). Hence, fabrication (Task 15) items on the WBS 

were built as 11 breadboard II items and were not prototype or produc

tion units. The main thrust of a 11 breadboard 11 unit is to validate 

the basic design to specification through limited verification 

testing. 
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The change control process deferred changes that would enhance 

dependability for future design efforts. The VCU documentation 

(reference 43) reflects these concerns, as well as noting that a 

production design VCU would use miljtary specification temperature 

range parts and one channel of a production unit would fit in a 

package approximately 5 inches by 10 inches and would contain four 

printed circuit cards. Each channel would require approximately 18 

watts of power. 

The system management-system engineering methodology established a 

disciplined environment. This discipline was maintained by 

assuring that a 11 changes to re leased engineering following System 

and Design Reviews could only be made by authorized changes. 

Accordingly, from the initial release of the System Specification 

following the System Design Review, Change Control was initiated. 

Program controlled changes are summarized as follows: 

EIGHT CLASS I CHANGES 

Class I changes are changes requiring revisions to released engi

neering as a result of contract changes requested by UMTA. 

Example: Engineering Change Proposal (ECP) #5 incorporated Con

tract Mod. 28. This change accounted for all engineering changes 

and program action required to terminate the MPM vehicle and STTF 

track and implement the simulation program. 

SIXTY-THREE CLASS II CHANGES 

Class II changes are design requested changes; included are eigh-

teen deferred or partially deferred changes. 

Example: PRR (Production Revision Record) 1003 - 11 Position Update 

Algorithm Revisions. 11 This change was identified in hybrid testing 

and required revisions to the released VCU specification, VCU 

software product specification and VCU firmware. 
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SECTION SUMMARY 

The major thrust of this sect ion and sect ion 4 .O was to show how 

the VCU, GCU, and ODDCAS designs evolved from AGRT program objec

tives, requirements, and specifications as determined in the 

analysis phase of the contract. 

Of equal intent was to acquaint the reader with the comprehensive 

nature of the complete 11 Automated Transit System Analysis 11
• The 

AGRT Corrmand and Control system that evolved from the analysis 

phase is not intrinsically different from command and control 

systems developed and implemented by Boeing in such systems as the 

Airborne Warning and Control System (AWACS), Airborne Launch Cruise 

Missile (ALCM), and the Apollo Technical Integration and Evaluation 

(Apollo-TIE). 
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and convenience would be possible. Such service should dramati-
cally increase ridership. The service 
because the short headways allow high 

level is made possible 
throughput with small 

vehicles. During the morning rush hour the small vehicles would 
pick up passengers on the low demand outer legs of a network and 
converge on the Central Business District (CBD). Links in the CBD 
would utilize the short headway capability of the system to hand le 
the dense vehicle traffic. 

Dependability would be maximized by the development of systems uti

lizing solid state digital electronic hardware, and software 
approaches which have been proven to be inherently reliable in 
today's commercial, military, and space systems. Downtime would be 
minimized by providing redundancy, reset, and manual override capa
bility. Stops on the guideway would be minimized by maximizing the 
use of cushion (vehicle spacing in excess of minimum headway). 

Safety would be maximized by requiring the use of fail-safe, 
checked redundancy, or safe-life design principles. This is a 
highly desirable development in itself because it meets the tradi
tional railroad safety criteria with a modern electronic high per
formance system. 

Life cycle costs would be minimized by reducing O&M (recurring) 
costs through use of microminiaturized integrated circuits which 
have low production costs and high reliability (as evidenced by 
hand held calculators, walk-around stereos, and digital watches). 

Analysis performed during the AGRT program has shown that a transit 
system based on the elements being developed on this contract can 
meet O&M costs from the fare box. 

The AGRT-EDS program was initially structured to construct and test 
critical 11 Local Control 11 portions of the operational system. In an 
operational system, automation is achieved with a four level con
trol hierarchy (see Figure 4.2-1). The control hierarchy consists 
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of central, region, zone, and vehicle. Each level would include 

one or more computers, their associated software, and command and 

control hardware elements. Central oversees the entire operation 

and exerts control over functions _ which require information from 

two or more regions. A 11 of the system operators, the central and 

region computers, and the administration/business offices are 

located in the central facility. 

The regions oversee zones and exert control over all functions 

which require information from two or more zones. The zones di

rectly control vehicle dispatches, merges/diverges, normal stops, 

and restarts. The zone also monitors vehicle-to-vehicle headway at 

least every 1000 feet and commands position corrections, if 

necessary. 

The onboard Vehicle Command and Control Subsystem (VCCS) directly 

controls acceleration, deceleration, speed/posit ion regulation, and 

emergency braking. The onboard VCCS is a highly accurate point

follower which follows an internally-generated ideal time-distance

speed trajectory. The combination of this accurate onboard point

follower and the position corrections from zone allows headway 

errors to be controlled to within three sigma accuracy of 0.22 to 

0.55 seconds depending on vehicle speed. 

The vehicle and stations carry out the commands of the control 

system. Primary features of the vehicle are: electric propulsion, 

a simple side-rail steering system, vehicle on-board switching, 

positive restraint with retention at intersections, and closed-loop 

brakes. Primary features of the stations are: automatic fare col

lection and passenger management, platform doors which are synchro

nized with the vehicle doors, elevators/escalators, and passenger 

security sys_tems. 

Use of the above control hierarchy and philosophy would allow a 

modular structure in which direct control functions are performed 

at the zone-vehicle level and supervisory functions at central and 
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FIGURE 4.2-2 
FLEET MANAGEMENT(QUASI SYNCHRONOUS) 

r 22 fps 
3·sec HEADWAY 

VARIATIONS : SPACE VEHICLES TO P~OVIDE FIT AT MERGES (BASIC) 
SPACE VEHICLES TO COORDINATE MERGES" (NORMAL) 
(THEORETICALLY NO SLIPS AT MERGES) 
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the wayside. To perform this update, the wayside (Guideway Command 

and Control Subsystem) also calculates an ideal trajectory and com

pares the actual vehicle position to the ideal position at presence 

detectors on the guideway . This - is accomplished by storing the 

arrival time at each presence detector (PD) of a perfect vehicle, 

then when the vehicle activates the PD, measuring the deviation 

from the ideal wayside point, and giving the vehicle a correction 

command to return it to the ideal point as calculated by the way

side. This is accomplished by adjusting the vehicle speed within+ 

2 fps. PD's are located no more than 1000 feet apart, allowing 

vehicles to maintain a high degree of separation accuracy as is 

shown in Table 1. 

COLLISION AVOIDANCE 

In the AGRT System, a moving block "odometer data downlink" col

lision avoidance system continuously monitors the position and 

speed of all vehicles on the guideway. If the distance between 

vehicles becomes less than the minimum safe distance established 

for the measured vehicle speed, irrevocable emergency rate stopping 

is invoked for all vehicles in the area where the headway violation 

occurred. This is accomplished by the removal of the Safe-To

Proceed (STP) signal from the guideway. The reaction time from 

this detection of an unsafe condition to the initiation of an 

emergency stop is no longer than 0.15 seconds. This short reaction 

time, combined with the accurate vehicle-to-vehicle regulation and 

the closed- loop emergency stopping system, al lows headways as low 

as 3 seconds. This headway is accomplished with a commanded 
emergency rate deceleration of 0.34 g's (11 fps2). (A 11 brickwal1 11 

stop of the lead vehicle is assumed in headway calculations.) 
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4.3 SUBSYSTEM DESIGN OVERVIEW 

COMMAND AND CONTROL SYSTEM (C&CS) 
The Command and Control System (C&CS) is responsible for the over
a 11 management and control of the AGRT system in both normal and 
anomalous modes of operation. Overall control is provided by elec
tronic hardware and associated software operating in a 
hierarchical, modular structure. 

OPERATIONAL C&CS 

The C&CS for an operational system would be functionally divided 
into a four-level hierarchy: 

1) A Central Command and Control Subsystem (CCCS) would set 
system policy, collect and analyze system performance data, 
and supervise all system functions. 

2) A Regional C&CS (RCCS) would automatically implement these 
policies among network sections. 

3) A Zone C&CS (ZCCS) would be responsible for station operation, 
automatic motion commands of individual vehicles, and data 
collection on resulting vehicle operations. 

4) A Vehicle C&CS (VCCS) would be located on each vehicle of the 
fleet to safely control each vehicle according to the commands 
of the ZCCS. 

The ZCCS would be comprised of the Zone Controller Subsystem, 
Guideway Controller Subsystem, and the Zone Communication Sub

system. 

Functions which would be primarily accomplished by the ZCCS 
are: position corrections every 1000 feet to adjust vehicle 
separation interval, slot-slip position corrections at merges, 
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FIGURE 4.3-1 
EDS BASELINE -S0FnlARE 

TEST TRACK COMMAND AND GUIOEWAY COMMAND AND 
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• ACCESS MANAGEMENT • DIVERGE 
• ST A TUS MAINTENANCE • DISPATCH 

•IN<HANNELCONTROL 
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• OPERATOR INTERFACE • STATUS MONITOR 

• STATUS REPORTS 

• SIMULATION/SUPPORT SOFTWARE 
• FAILURE DETECTION 

t ZONE INTERFACE 
• COMMUNICATION (ZONE) 

• GUIOEWAY CONTROL INTERFACE 

~ t, t MODULE TESTER 
• DEBUG 
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• UTl'LITIES · CONTROL SUBSYSTEM 

• ETC. • EXECUTIVE SOFTWARE 
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• DOOR CONTROL 
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•FAULT DETECTION 
• FAULT REACTION 
• COLLISION AVOIDANCE 
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GUIDEWAY COMMAND AND CONTROL SUBSYSTEM (GCCS) 

The GCCS is that portion of the control hierarchy responsible for 

the communications interface between station equipment and the 

vehicles on the guideway. The GCU contains an inductive communica

tion link, a vehicle presence detection system, and magnetic guide

way markers. This communications link also has the responsibility 

for providing failsafe speed limit information and safe-to-proceed 

{STP) control to the vehicles throughout the guideway. 

A major part of the communication between the station and the 

vehicles is performed by equipment in a subsystem within the GCU 

called the Inductive Corrmunication Subsystem (ICS). The ICS uses 

an inductively coupled link between the guideway and the station 

through which binary frequency shift keyed {FSK) data is trans

mitted and received. The coupling is accomplished by the use of 

wire loops embedded in the running surface of the guideway; these 

couple inductively with vehicle borne coil antennas. The loops and 

antennas provide both station to vehicle communication (uplink) and 

vehicle to station communication {downlink). Each guideway seg

ment, which can be as long as 1000 feet in length, possesses a pair 

of such inductive loops: one in the right half of the guideway for 

uplinks, and one in the left half for downlinks. Associated with 

each loop pair is a set of inductive communication equipment to 

perform the FSK transmission and reception. Downlink messages are 

sent by vehicles only when prompted to do so by the wayside or when 

anomalous conditions occur which much be reported to the station. 

Up 1 ink messages, on the other hand, are sent continuously with a 

safe-to-proceed {STP) signal encoded in the uplink. Presence of 

this STP signal is required by the VCCS before vehicle motion is 

permitted. Absence of this STP signal on a guideway loop results 

in an emergency stop of all vehicles over the loop. {STP removal 

is commanded by the Collision Avoidance System when a headway vio

lation occurs.) 

The GCCS software is basically the same as would be found in an 

urban system except in those areas not originally programmed for 
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..................................................................................... 

· TABLE 2 

FAILURE MANAGEMENT FUNCTIONS 

DETECTION AND REPORTING 
Vehicle 

Exits not closed 
VCCS power supply out of tolerance 
Loss of microcomputer sanity 
Speed or position error limit during closed-loop emergency braking 
Wheel slide 
Torque comnand disparity 
Loss of service brake pressure supply 
Loss of air suspension pressure 
Reflectometer range limit 
Loss of FSK carrier 
FSK emergency brake command 
Loss of reflectometer 
Retention verification disparity 
Motor polarity disparity 
Loss of vehicle power 
Battery voltage limit 
Loss of pneumatic pump 
Invalid FSK data 
Loss of propulsion 
Brake temperature limit 
Reflectometer disparity 
Speed limit violation 
Propulsion overspeed 
Retention command disparity 
Reduced propulsion performance 
Loss of propulsion redundancy 
Loss of brake redundancy 
Loss of one control microcomputer 
Motor torqaue out of tolerance 
Excessive brake/motor interaction 
Brake pressure disparity 
Speed error limit 
Position error limit 
Calibration factor limit 
Odometer disparity 
Excessive FSK errors 

Guideway and Station 
Speed/position disparity as measured by FSK checks, presence detectors 
and ID magnets 
Merge control reflectometer detected conflict 
Station berth position error 

REACTION 
Stop vehicle (emergency and normal rate) 
Slow vehicle 
Override guideway switching 

RECOVERY 
Remote reset/restart 
Manual override control unit 
Reduce performance 

•m••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
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FIGURE 4. 3-11 EDS BASELINE COMMAND AND CONTROL SYSTEM 
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closed loop torque servo and provides propulsion and braking 

torques in the direction specified by commands from the VCCS. 

Control of the motor is performed by an armature controller 

(chopper) for speeds up to 24 MPH. Beyond 24 MPH, the field con
troller (chopper) is used to contro 1 torque as commanded by the 

vccs. 

For regenerative braking, the armature chopper is shut down and the 

field controller is used to control braking torques down to 24 MPH. 

The field current is increased to increase braking torque. 

GUIDEWAY AND STATION 
Table 3 identifies major features of the baseline AGRT test track. 

Sufficient design trades were accomplished to assure that all 
veh ic le/C&CS/guideway interfaces were identified. Meehan i ca 1 
interfaces included guidewheel/rail, capture wheel/rail, and power 

collector/power rail. Electrical and electronic interfaces 

included presence detectors, enabling magnets, and communication 
antenna 1 oops. The designed and documented interfaces were app 1 i -

cable to a deployed system. 

Requirements for the Power Distribution System were determined. 

This system would be similar to that provided at the zone level for 

an urban system. 

Guideways and structures concepts and civil requirements were 

presented in the System Design Review of April 7, 1980. 

The effort expended on the vehicle design and the EDS test track, 
as previously noted, determined operational parameters for the 
simulation program design effort. Section 7 .0 provides a brief 

summary of the simulation program design. 
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5.0 PROGRAM AND SAFETY REVIEWS AND TECHNICAL INTERCHANGES 

A logical, integrated series of formal reviews aided internal 
design discipline and fostered ·customer communication throughout 
the AGRT program. As noted earlier, these formal reviews are sig
nificant milestones: completion of a System Design Review (SOR), a 
Preliminary Design Review (PRO), or a Critical Design Review (CDR) 
constitutes authority to proceed with the next program activity. 

This section covers the Quarterly Program Reviews, 
Safety Reviews, and the Technical Interchange meetings. 
PDRs, and CDRs are covered in the following Section 6.0.) 

the System 
(The SDRs, 

The Quarterly Program Reviews provide formal interactive customer 
contact. Although they are called 11 quarterly 11 reviews, the actual 
frequency was dependent on program status. Also, design reviews 
and safety reviews replaced the quarterly reviews when appropriate. 
Quarterly Review material covered all aspects of our work, 
including: 

Major analysis and synthesis results; design trades; 
incorporation of safety and program requirements; development 
test data and test plans; design and fabrication status (hard

ware and software); experienced or potential problems; pending 
changes; conclusions; proposed technical solutions and recom
mendations; and cost and schedule performance. 

Safety reviews emphasized the importance of safety in the program. 
The reviews addressed the safety criteria and the methods and means 
by which the criteria was incorporated into the specifications, 
designs, and fabricated hardware and software. 

Technical Interchanges were held throughout the program. These 
technical working sessions were periodic meetings, requested by 
either UMTA or ourselves, to review technical data, problems, 
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5.1 PROGRAM REVIEWS 

Program reviews consisted of extensive prepared presentations. The 
reviews and excerpts from these reviews are noted below. 

FIRST QUARTERLY REVIEW - September 29, 1979 

This presentation was given in Washington, D.C. Attendees included 
representatives of the Department of Transportation - OST, Urban 
Mass Transportation Administration (UMTA), DOT-Transportation Sys
tem Center (TSC), American Public Transit Association (APTA), 
Applied Physics Lab (APL) of Johns Hopkins University, MITRE Corp., 
and Battelle. 

This program review covered the analys i s phase activities. Figure 
5. 1-1, EDS specification major interfaces, was included in this 
presentation . It reflects how analysis phase activities shaped the 
EDS Specification and provided traceabil i ty to an urban deployed 
system. 

Extensive design trades in all subsystems were presented. In 
Figure 5.1-2 are excerpts from the review showing AGRT Command and 
Control Systems, Inductive Communication System, Loop Driver Design 
Trades, and development tests . 

QUARTERLY REVIEW - February 14, 1980 
This quarterly review was presented to UMTA, MITRE, APL, Battelle, 

DOT-TSC, and DOT-OST at Boeing's Rosslyn, Virginia office. An 
overview of the program was presented to APTA at UMTA the previous 
day. 

Figure 5.1-3 shows the review agenda and a presentation chart, 11 EDS 
Track Computer Configuration Utilizing BAC Capital Equipment 11

• This 
chart reflects the BAC procurement of the Morgantown Software 
Development Integration Lab (SOIL) that was described in Section 
4.3, Test Track Command and Control Subsystem. 
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FIGURE 5.1-2 
FIRST QUARTERLY REVIEW - AGRT UPLINK DRIVER 

• MPM loop driver optimized for AGRT application (AGRT utilizes all FSK, 
elimiawtes low frequency tones) 

• Investigate alternatives including new technologies 

•Di1>olar 
• Hybrid (phase II MPM) 
•V-MOS C> 
•Power MOS 

• Breadboarded/evaluated potential designs 

•llybrid 
•V-MOS 
•Power MOS 

• Preliminary recommendation 

•Utilize 110wer MOS 
•Derate for reliability 

C> ••vertical metallic oxide semiconductor" 

ACRT UPLINK LOOP DRIVER 

THE MORGANTOWN UPt.1Hlt LOOP DRIVER HAS BEEN REDESIGNED FOR TIIE AGRT APPLICATION WHICH 

DEUTES TH£ LOIi FIEQUEIICT T011£S FOR SAftTONE, SPEED TONE, STATION STOP (ETC . ) . 

stYERAl HEIi TEOIIIOUIGIES WERE INVESTIGATED AND TWO OF TIIESE WERE BREADBOARDED AND 

Cllll'ARED 111TH TH£ IIOIIGAHTOIIN DESIGJI . 

BASED OIi TIIE too, mlVER TEST RESULTS SHOWN IN TH£' FOLLOWING FIGURES WHICH CIJIPARE 

THE DESIGNS AS A FUNCTION OF GAIN ANO DISTORTION VS FREQUENCY, TIIE POWER HOS DESIGN 

IS RECQIIIEHOEO. TII£ RELIABILITY Of TIIE POWER HOS DEVICE IS SIJISTANTIALLT IMPROVED 

IN THIS Affl.lCATIOII BT ITS DERATIIIG. 

INDUCTIVE COMMUNICATIONS 

1KH1 10 KH1 100 KHz 1MHz 

FREQUENCY 

INDUCTIVE COMMUNICATIONS 

DISTORTION 
IT.H.O.I 

(continued) 
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FIGURE 5.1-3 

AGRT QUARTERLY REVIEW - FEBRUARY 14, 1980 AGENDA 

I. INTRODUCTION ANO PROGRAH OVERVIEW 

II. PROGIW1 SCIIEDIJI.E ANO SCHEDULE STATUS 

Ill . FINANCIAL STATUS 

IV.' TECIINICAL STATUS, PROGRESS, PLANS 

1. OVERVIEW Of CRITICAL TRADES, ANALYSES, STUDIES 

2. SYS THIS ENGINEER !HG .. EDS SPEC (TASK 6A) 

b. EDS SYSTEM DESCRIPTION OOCUMEHT (TASK 6) 

c. SYSTEM CHARACTERISTICS SlUOIES (TASK 9) 

3. OESIGII ANALYSIS/TRADE STUDIES (TASK 6}1 I) 

4. EDS OESIGII (TASK 14) .. llESIGII ANALYSIS AHO VEl!JrlCATIOII 

b. SYSTEflS ENGINEERIIIG 

c. C0,..11\ND & CON IROL SYSTEM 

1) VEHICLE CCS 

2) GUIDEWAY CCS 

3) COLLISION AVOIUAIICE SYSTEM (CASOAR) 

4) SOFl WARE AND COMPU f ERS 

d . VEIIICLE DESIGN .. VEHICLE PROPULSIOII AND ELECTRICAL 

f . POWER DISTRIBUTION 

g. GUIDEWAY ANO STRUCTUlt6S 

v. SUHIARY 

EDS TEST TRACK COMPUTER CONFIGURATION UTILIZING BAC CAPITAL EQUIPMEN T 

AS PART OF THE INITIAL PROPOSAL ACTIVITIES, THE COMPUTATIONAL REQUIREMENTS WERE ESTABLISHEO FUR EDS. THESE 

REQUIREMENTS RESULTED IN THE PROPOSED SOIL FACILITY WHICH WAS PLANNED FOR USE IN DEVELOPING THE ZOIIE SOFTIIAAE 

AND SUBSEQUENTLY FOR OPERAT ING THE TEST TRACK . THE SOIL INCLUDED AN ECLIPSE S/250 COMPUTER A/ID A SHALL SET 

Of PERIPHERALS. DURING THE LAST QUARTER, AN OPPORTUNITY TO PURCHASE TIIE MORGANIUWII SOFTWARE DEVELOPHEllf 

FACILITY HARDWARE OCCURRED. THIS FACILITY INCLUDED SEVERAL COMPUTERS AIID A LARGE CADRE OF PERIPHERALS. AN 

EVALUATION UF THE HUIIGANTOWN FACILITY HARDWARE FOR AGRT USE INDICATED SEVERAL ADVANTAGES . 

• THE ADDITIONAL HARDWARE (PRESENTED CONFIGURATION) ALLOWS US TO RETURN TO TIIE lfl!TIALLY (DECEMBER 1978) 

PROPOSED CONFIGURATION WITH ITS ASSOCIATED LOWER DEVELOPMENT RISK AUil ABILITY TO SEPARATE TEST TRACK 

SPECIFIC SOFTWARE FROM THAT ZONE SOFTWARE WHICH IS EXPANDABLE TO All OPERAT IUIIAL SYSTEM. 

e THE NET COST IMPACT TO THE AGRT PROGRAH FOR TIIE EXPANDED HARDWARE FACILITY IS ZERO. TIIAf IS. WE SAVE TIIE 

DOLLAR AHOUNT WHICH WAS TO BE USED TO PURCHASE THE ECLIPSE . AND ITS PERIPIIERALS; BUT WE MUST IIOW SPEIID 

HORE HOflEY ON TIIE SUPPORT SOFTWARE. TIIE ADDITIONAL SOFTWARE COST IS rlECESSITATED SHICE THE IIOL IS r:o 

LONGER OFF-TliE-SIIElf (AS IT WAS FOi! TIIE ECLIPSE) ANO AUDITtUrlAL EXECUTIVE SOFTIIN!E IS REQUIRED FOR lltE 

EXPANDED CONFIGURATION . BOEING IIAS PURCHASED TIIE MORGANTOWN SOfTWAll[ UEVELOPMENT FACILITY IIARUIIARE AUD 

PLANS ON USING IT TO SUPPORT THE AGRT PROGRAH IN TIIE CONFIGURATIOrl SHOWN. 
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FIGURE 5.1-4 
AGRT QUARTERLY REVIEW - JULY 2, 1980 - HALL EFFECT 

HAU EFFECT WHEEL ODOMETER 

CONTINUED EVALUATION Of THE WIEGAND WIRE ANO HALL EFFECT TECHNIQUES Of MEASURING WIIEEL ROTAUOII 

DISTANCE AHO VELOCITY HAS BEEN CARRIED OUT. TWO CONFIGURATIONS OF THE IIALL EFFECT SEUSOR IIAVE BEEII 

TESTEU. ONE LOOKED AT THE PERIPHERY Of A GEAR ANU THE OTHER LOOKED AT TIIE SlUES OF A GEAR . TIIE 

TEClfllQUE OF LOOKING AT THE PERIPHERY OF THE GEAR IIAS SHOWN A UEF 1111 IE AIIVIIIHAGE Ill SO FAR AS 

COIISISTENT SIGNAL STRENGTH ANO MINIHIJI EFFECT OF VARYING AIR GAP OH SIGUAL STREflGTH. 

FIGURE _.5.6.,_ ILLUSTRATES THE HAU EFFECT DEVICE LOOKING AT THE PERIPHERY OF TIIE GEAR . AT THIS 

TIME THIS REPRESENTS THE HOST PROMISIN6 CONflGIJIATIOlt FOR A WIIEEL OUOMETER . 

srUR GEAR 
ROIOR 

HPRT AJLE 
AIIU IIU8 

HALL EFFECT IIHEEL OllOHETER 

~ / 

7.50-20 TIRE 
,-\ . ' I 

( 

1 

l ,.so-20 RIM 

I 
I 

) . 

MPRT DRAKE 
CALIPER 

HPRT ANOIOR 
PLATE 

FIGURE 56 

IJO 

(continued) 

111 

SUPPORT 
OIIACKET 

SPUR GEAR 
ROTOR (260 
lEETIII 



FIGURE 5.1-5 
AGRT QUARTERLY REVIEW - SEPTEMBER 22, 1980 - C&CS TRADES 

GCCS DESIGN ANALYSES ANO TRADES 

• LOOP DRIVER DESIGN REVIEII AHO ANALYSIS 

• GUIDEIIAY CDNTRDUER C PROCESSOR ANALYSIS 

• DATA HANDLING INTERfACES REVIEII 

CLCS TRADES 

COHHOH TO GCCS ANO VCCS 

fSK MESSAGE LENGTII/DATA EIICOOING TECJIHIQUE 

fSK UPLIHK/00\IHLJHX DATA RATES 

fSK MODULATION TECIIH IQUES 

fSK TRAHSKITTER DESIGN STUDY 

fSK RECEIVER DESIGN STUDY 

MAGNETIC SIGNALLING AHALYSJS 

FAILURE HODES AHO EffECTS AIIALYSJS 

PER IPIIERAL PROCESSOR SELECTIOH 

PRIMARY PROCESSOR SELECTION 
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FIGURE 5.1-6 
AGRT PROGRAM OVERVIEW - MAY 20, 1983 - LCS ANALYSIS 

• 

• 

I PN!ilJUPINAI CONJROL SXSJFK II cs> AtJAI ISIS pymm, 

PROVIDE TIIE ANJII.YTICAI. IIEAHS TO ESTABLISH THE PARAHETERS AJIO TDLERAIICES 
Al'PI.ICABI.E TD TIIDSE ASPECTS Of TIIE AGRT SYSTEN WHICH AFFECT THE LOIIGITUDHIAL 
IIOTIDH Of THE VEHICLE • JERK. ACtaEAATIDN. VELOCITY, BRM IIIG, ETC. 

PROVIDE VERIFICATION THAT THE EVOLVING DESIGN DOES MEET TIIE SYSTEM 
LOIIGITUDIIIAL CDNTROl REOU IREl1ENTS 

e TOOLS 

• COIIPUTER Sll1Ut.ATION USUIG VARIOUS SOFTllAAE MODELS 

e HYBRID SIHULATION USING DATA GEIIERAL ECLIPSE CONPUTER . EDS IIARDWARE AIID 
INTERfACE EQUIPHEJCT 

e APPROACH 

I, USE DETAILED ANALYTICAL HOOEI. AS FOCAL POINT, IIIIICH ALLOWS 

• FREQUENT UPDATES TO TRACI: DESIGN EVOLUTION 
• A HETHOD OF CONFIGURATION CONmOl TIIAT CAIi BE USED FOR FUTURE 

EXTRAPOLA Tl ON OF EDS TEST RE SUL TS 

2. BUILD on PAST WORK 

• USE HORGAHTOWH EXl'ER IENCE 

• DOCUHENT EACH STEP VH I CH 
HELPS MAINTAIN CONTINUITY 

111NIKIZES UPDATE EFFORTS 

3, Vc«I: CLOsaY VITH DESIGNERS TO 
• AVOID USE OF UNNECESSARILY RESTRICTIVE DERIVED REDUIREIUTS 

VHERE POSS I 81.E 
• OUCTIVES 

• PRF) IMIHARY DESIGN PHASE • DEFINE CONCEPT AHO COIITROL A1.GORITlll1S1 ALLOCATE 
LCS REQUIRE/1EHTS TO SUBSYSTEl1S1 DETERHINE CAPABILITIES AIID LIHITATIOIIS 

• DFTAH EP DESIGN PHASE • PROVIDE A FOCAL POrnl FOR LCS RELATED DETAILS: 
REFINE THE FUNCTIONAL DESIGN1 UPDATE CAPABILITY ESTIMATES AUD DERIVED 

REQUIREMENTS 

• PESIGN YEBIEICAIIPN PHASF • PROVIDE A FOCAL POlfH FOR LCS RELATED SYSTEM 
ANO SUBSYSTEM TESTING, DEFINE LCS TESTS : PROVIDE TEST DATA AllAI.YSIS 

• liEIJf.R&. • SUPPORT TRADE STUDIES ON All LEVELS OF SYSTEM OEVELOPIIEJIT 

• TVO PART EFFORT 
• SIIIGLE VEHICLE ANALYSIS • OIIBOARD SYSTEM OR VEHICLE LOl:GITUUIJIAI. COIITRUL 

SYSTEM CVlCSl: REQUIRES DETAILED MODELS OF VLCS COHPOIIEIIIS 

• 11ULIIPLE VEHICLE AIIAI.YSIS • AIISWERS. IIE/10\:AY COIITROL PRO DLEtlS: CAIi USE 

SIHPLER HOOELS OF INDIVIDUAi. COliPOIIENTS 
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FIGURE 5.1-7 (continued) 

OVERVIEW OF ECLl'PSE SYSTE11 DEVELOPMEIIT 
FUNCTIONS 

o MOTOR/BRAKE/VEHICLE SIMULATION 

o TEST SCENARIO GENERATION 

o OAJA COLLECTION 

o DATA PROCESSING 

KEY REQUIREMENTS/GOALS 

o REAL TIM£ INTEGRATION STEP SIZE 

2.0 HS HAXIIIJH 

1.0 HS HARDWARE CAPABILITY 

o EASY TO USE 

APPROACH 

o FLEXIUILITY 

FORTRAN EQUATIONS OF MOTION 

DATA COLLECTION 

DATA PROCESSING 

o USE EXISTING ECLIPSE SZJO HARDWARE, ADD REQUIRED INTERFACE ELECTRONICS 

o USE EXISTING •TEST DATA ACQUISITION & CONTROL SYSTEM" SOFTWARE ·AS STARTIIIG POINT 

o USE DUAL PROCESSOR CONFIGURATION TO MEET TIMING REQUIREMEIHS 

o USE Z BUS LINK BETWEEN ECLIPSE S230 & INTERFACE ELECTRONICS 

STATUS 

o OLVELOPHtNf EFFORT CUHl'LETE EXCEPT FOil FlltAL OOCUM(NIAIIUN 
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numerical safety allocations. The monthly report added that 
Battelle was furnished with copies of the Nuclear Regulatory Com
mission handbook on Fault Tree analysis. This analysis technique 
was discussed at the CAS Safety meeting in hopes of a better under
standing of our numerical approach to safety analysis and require
ments. 

The AGRT Collision Avoidance System (CAS) Safety Data was organized 
in four sections as follows: 

1.0 Introduction and Summary - A quick look at the Boeing design 
process, the overall safety criteria, and the conceptual 
approach for the baseline system. 

2.0 System Engineering Analysis, 

3.0 CAS Safety System - This i s the main body of technical data 
relating to the des ign process, the safety program and safety 
requirements, and the des ign concept and safety criteria for 
the vehicle CAS (VCAS) and the merge/diverge CAS (WCAS). 

4.0 Technical appendices as follows: 

o CAS Fault Tree analysis (including WCAS concept -qua l ita
tive safety evaluation). 

o Dissimilar software approaches 
o Functional allocation to EDS spec if icat i on paragraphs 

VEHICLE SEPARATION ASSURANCE SYSTEM REVIEW - December 2, 1981 

This review, attended by Sperry and UMTA, was presented at Boeing's 
Rosslyn, Virginia office . 

The objectives of the review were : 

o To describe the vehicle-to-vehicle collision avoidance 
safety system. 
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FIGURE 5. 2-1 

SAFETY REQUIREMENTS - SENSOR SIGNAL SELECTION 

THE SAFETY ANALYSIS CONCLUOES THAT THE SENSOR SIGNAL SELECTION CONCEPT FOLLOIIS 
SAFETY CRITERIA. IMPLEMENTATION SHALL MEET THE FOLLOWING REQUIREMENTS: 

o THE COMPARISON FUNCTIONS (DISPARITY DETECTION) SHALL BE EITHER 

o FAIL-SAFE (UNSAFE FAILURE< 1 IN A MILLION YEARS) 
OR 

o PERIODICALLY CHECKED (VERIFY UNEQUAL INPUTS GENERATES A DISPARITY) 

o THE SELECTION FUNCTION (VOTERS) SHALL BE EITHER 

o FAIL-SAFE (UNSAFE FAILURE < 1 IN A MILLION YEARS) 
OR 

o PERIODICALLY CHECKED (VERIFY THAT SAFEST SIGNAL WILL BE SELECTED) 

o REDUNDANT SIGNAL SENSORS AND PROCESSORS SHALL BE ISOLATED FROM EACH OTHER TO 
PREVENT A FAILURE IN ONE PROPAGATING TO THE OTHER 

o UNSAFE COMMON OR CORRELATED FAILURES THAT COULD GO UNDETECTED SHALL MEET THE 
SAFETY CRITERIA 
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FIGURE 5.2-3 
FINAL SAFETY REVIEW AGENDA - SEPTEMBER 24, 1984 
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L INTRODUCTION 

PURPOSE OP REVIEW AND SCOPE 
HISTORICAL CONTEXT 

Contractual Requirements for Safety 
Program Directives 
SDR's 
System Safety Review - 10/,/12 
PDR's and CDR's 
Contract Mod 21 
Summary of Present Program 

D. SYSTEM SAFETY METHODOLOGY 

BASIC CONCEPT 
HI-TECH APPLICATIONS 
SAFl!TY INDEPENDENT OP CONTROL 
TEST LEVELS AND CONFIDENCE 

Ill SYSTEM LEVEL SAFETY VERIFICATION REQUIREMENTS 

(LUNCH) 

IV. SYSTEM SAFETY REQUIREMENTS, DESIGN APPROACH, AND 
VERIFICATION DATA 

(SYSTEM SPEC. SECT. 2) 

(End of First Day) 

SEPTEMBER 2', 191• (Second Day) 

SUBJECT 

- -
1130 A.M. V. SUBSYSTEM SAPETY REQUffiEMENTS, DESICN APPROACH, AND 
. t 
10:00 A.M. 
10:U A.M. 

12:00 Noon 
t 

1:00 P.M. 

2130 P.M. 
2:lf, P.M. 

.LP.M. 

Break 

Break 

VERIFICATION DA TA 

(SYSTEM SPEC. SECT. 3) 

(LUNCH) 

VI. TEST FUTURE 
Safety Related Tests 

VIL CONCLUSIONS, SUMMARY 
~Learned 

VIIL ACTION ITEM REVIEW (As Required) r------------=~-----------------, .. -- -

FINAL SYSTEMS SAFETY REVIEW DATA PACKAGE 

L LIST OF SAFETY RELATED PROJECT MEMOS « OTiiER REFERENCES 

Titles and Abstracts 11nc!udes System Engineering, Staff-Design Analysis, and 
C&CS Design). 

IL COPIES OF PROJECT MEMOS LISTED 

IlL PROFESSIONAL PAPERS AS FOLLOWS: 

0 "A Distinct Software Implementation in a Vehicle Controller," 
W. E. Greve and R. J. Schroder presented at 33rd IEEE Vehicle 

IV. REFERENCE DOCUMENTATION 

0 Report No. UMTA-MA-06-0048-80-9, "Morgantown People Mover 
Collision Avoidance System Design Summary," R. J. Schroder and 

V. SAFETY RELATED SECTIONS FROM VCU AND GCU CDR'S 
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All previous action items on the EDS specification were resolved. 
Traceability to an urban deployed system through the EDS quality 
assurance tables was agreed upon. The Boeing "Stopping Distance 
Report" was reviewed and three action items were assigned. One 
action to standardize emergency braking terms was generated 
following the safety review. We agreed to present our design 
control process at SOR. UMTA/MITRE took two action items for mis
ce 11 aneous changes to the UMTA/MITRE specification. 

A Technical Interchange meeting, attended by UMTA, MITRE, and 
Battelle, was held in Seattle the week of November 3, 1980. This 
meeting's agenda was as follows: 

Define Traceability 
Worst Case Stopping Scenario 
Safety Design Philosophy 

Functional Block Diagrams 
Hardware Conceptual Block Diagrams 
Verification 

FMEA (Failure Modes and Effects Analysis) 
Safety Traceability 

Figure 5.3-1, Safety Design Philosophy, was included in the 
detailed T.I. minutes transmitted to UMTA November 14, 1980. 

AT.I. meeting was held between Boeing and Battelle in Columbus, 
Ohio during February 2-6, 1981 to address safety concerns. Areas 
discussed included: 

o Baseline Description Documentation 
• o Safety Goals/Criteria 

o Communication Methodology - (Fault Tree Based) 
o Battelle Approach to Safety Analysis - Qualitative 
o Boeing Approach to Safety Analysis - Quantitative 
o Review of Quantitative Criteria 
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o Collision Avoidance Concept (Separation Assurance) 
o Software Development Plan 
o Battelle AGRT Safety Criteria Document 
o Philosophy for getting through Safety Approval Gates 

(Minimize Resets) 

Additional information was provided to Battelle relative to motor 
overtorque safety concerns. 

The 11 AGRT Co 11 i sion Avoidance System Safety Data Package", noted 
previously in safety reviews, was the result of sever a 1 weeks of 
interactive work with Battelle, MITRE, and Sperry. Technical 
Interchange meetings were held in Columbus and Seattle in February 
and March of 1980 in which the CAS design methodology, safety 
criteria, and design concept were reviewed. It should be noted 
that the CAS safety criteria developed for the Sperry CASSAR were 
applicable to the Boeing ODDCAS design. 

TECHNICAL INTERCHANGES - BOEING/SPERRY - CASSAR 
The baseline Collision Avoidance System (CAS) identified as the 
baseband reflectometer system was briefly noted in Section 4.3. 
This system was closely monitored by Boeing through Technical 
Interchanges; a few interchanges included UMTA and Batte lle. The 
initial interchange, documented June 9 and 10, 1980, was followed 
by others throughout 1980, 1981, and 1982. The concluding T.I. was 
held on January 28, 1983. 

Figure 5.3.2 contains extracts of the minutes of the Technical 
Interchange meeting of October 30 and 31, 1981. 

TECHNICAL INTERCHANGES - ALTERNATIVE COLLISION AVOIDANCE SYSTEM (CAS) 
A Technical Interchange meeting held in Seattle, September 14, and 
15, 1981 discussed in detail the alternative CAS systems that we 
studied and documented per UMTA's direction. (See Figure 5.3-3) 

Technical Interchanges provided a means to resolve in-depth 
technical problems prior to formal reviews noted in Section 6.0 
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FIGURE 5.3-3 
TECHNICAL INTERCHANGE - CAS ALTERNATIVE 
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6.1 SYSTEM DESIGN REVIEWS 

System Design Reviews (SOR) establish the contract functional 

baseline. Phase !IA mission analysis and Phase IIB analysis 

activities, as noted in Section 4.1, Figure 4.1-2, were the source 

for development of the initial system specification and two 

subsequent iterations. The SOR presentation provides the definition 

of the system, its physical, and functional requirements. The 

system specification is released and placed under configuration 

control following completion of action items and approval of the 

SOR. Normally, a program would have one SOR. Because the EDS 

system was significantly changed after the initial baseline, we had 

two SDRs: 

The baseline contract SOR called for two new AGRT vehicles (with 

MPM modules) and testing on a new AGRT test track. 

The second SOR was required by the program restructuring that 

replaced the two new AGRT vehicles with two modified 11 MPM" 

vehicles, and used the existing test track rather than the AGRT 

test track. 

At this juncture, the nature of the program restructuring can be 

brought into sharper focus. This restructuring, necessitated by 

continuing funding limitations was never precipitous. All 

restructuring efforts were the result of alternate proposals that 

we prepared and presented to UMTA. 

Throughout this restructuring, every effort was exerted to preserve 

the technical thrust of the critical technologies identified as the 

Vehicle Longitudinal Control System (VLCS) and the Collision 

Avoidance System (CAS). 

This preservation is reflected in an examination of the initial and 

two superseding specifications relating to the VLCS and CAS. The 

performance envelope of the modified 11 MPM 11 vehicle was slightly 

degraded from that of the AGRT vehicle, but the VLCS and CAS 
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FIGURE 6.1-1 

AGRT - · SOR/QUARTERLY REVIEW DATA PACKAGE AND AGENDA 

Gentle111en: 

Enclosed a" eight copies of the prelfminary systl!III design review (SOR)/ 
Quarterly Review data package. in accordance with Article II paragraph C 
Ite111 1 and Z11 of the subject contract. This data package is in accordance 
with our connitments made durfng the technical fntel"C~ange meetings of 
March 3 through 6. The package includes the following: 

!1) EDS Speciffcatfon - SSJ62-90000~2C 
2) EDS Interface Specification SJ62-90001-l 
3) EDS Documentation Plan 0362-60002-l Rev. A 

(4) Draft .. Charts of. Quarter.ly/Systl!III Design Review 
(5) Package explaining the Boeing Design Control Process 
(6) A 11st of analysis and trades which are required prior to 

preliminary design reviews (PDR's). The_applfcable POR's 
ire scheduled to be held in late 1980 per the subject contract . 
A matrix of the previously noted analysfs and trades vs the 
system. subsystem and procurl!lllent specifications is in 
preparat1oa. 

(7) Preliminary civil requirments review package 

The data package as noted above 1s for your review prior to the SOR 
to be held during the week of April 7. 1980. 

THIRD QUARTERLY REVIEW ANO SYSTEM DESIGN REVIEW OUTLIUE 
I. PROGRAM SCHEDULE PAGE 1 

11. AGRT SUl"4ARY ANO REVIEW PAGE 7 
1, AGRT GOALS ANO OBJECTIVES 
2. BOEING AGRT CONCEPT 

1 . SYSTEM EVENT DIAGRAM 
b. IMPLEHENTATIOH CONCEPTS - AGRT SUBSYSTEMS 

Ill. REVIEW OF EDS DESIGN PAGE 17 
1. EDS PROGRAM OBJECTIVES 
2. GENERAL EDS REQUIREMENTS 
3. EDS EVENT DIAGRAM ANO FUNCTIONAL ANALYSIS 
4. EDS CONCEPT - SYSTEM LEVEL DESCRIPTION 
5. EDS PROGRAM CONTROLS 

a. DEVELOPMENT OF SPECIFICATIONS AND DOCUMENTATION 
b. CHANGE ANO CONFIGURATION CONTROL 
c. VERIFICATION OF COMPLIANCE 

6. EDS SYSTEM ANO INTERFACE CONTROL SPECIFICATIONS 
a. EDS SPECIFICATION 

1) PURPOSE 
2) PREPARATION 
3) ORGANIZATION 

b. EDS INTERFACE CONTROL SPECIFICATION 
. 1) PURPOSE 

2) PREPARATION 
3) ORGANIZATION 

c. AGRT (UMTA) SPECIFICATION - IMPLEMENTATION AT EDS 
I) PERFORMANCE 
2) DEPENDABILITY 
3) SAFETY 
4) COST 

IV • . MAJOR ANALYSES AND TRACE STUDIES PAGE 67 
I. HEADWAY AND STOPPING OISTARCE 

V. DESCRIPTION OF EDS SUBSYSTEM CONCEPTS PAGE 83 
l. CO~t1ANO ANO CONTROL SYSTEM (C&CS) 
2. SOFTWARE ANO COMPUTERS 
J. VEHICLE REQUIREMENTS 
4. POWER DISTRIBUTION 
5. GIJIOEWAY ANO STRUCTURES 167 THRU 210 
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No SOR was held for the laboratory simulation that was subsequently 
programmed to support VCU verification testing. However, action 
was initiated to upgrade the Software Development Integration Lab 
(SOIL) and the VCU Test Set. The SOIL and VCU Test Set were in 
place and supported VCCS, GCCS, and ODDCAS development testing. 
VCU single string integration testing was in process. 

Recognizing the importance of the upgraded VCU Test Set to support 
VCU verification testing, a VCU Test Set design review was held 
March 14, 1984. 

The VCU Test Set design review addressed the continuing requirement 
of verifying VLCS and CAS specifications traceable to a deployed 
system. System Specification SS362-90000-4 (superseding SS362-
90000-3C) delineated the specifications of AGRT-EDS-c3 to be 
verified through simulation testing. 

Figure 6.1-3 from this review notes that the only major categories 
of testing that weren't covered by simulation testing were lateral 
control (captive steering), door control, and interfaces 
(physical). 
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Gentlemen: 

FIGURE 6.2-1 

TEST TRACK SOFTWARE AND 
VCU PDR DATA PACKAGE AND AGENDA 

Enclosed is the· agenda and data package for the Test Track Software and VCU 
Preliminary Design Reviews (PDR) to be held at our facility in Seattle, 
February 2 through 4, .1982. 

The scheduled PDRs are in accord with program schedules. 

The PDRs will provide the .technical basis for the detail design of the 
Test Track Software and the VCU. The detail design will be presented at 
the Critical Design Reviews (CDR). 

The subject PORs are based on the subsystem ·requirements as contained in 
the syste.'11 specification and as established at the Syste.'11 Design Review. 
Accordingly, no review of system requirement analysis wilt be included. 

If we can assist you in any way with travel reservations, please advise. 

-

Very tr:~ ;our~s, 

M~ 
D. H. Christenson 
AGRT Program Manager 
Automated Transportation Systems 

TEST TRACX SOFl\lARE POR AGEIIOA • FEBRUARY 21 19Bl 

.ill!! 
• Introduction 

e Schadule 

• Requl,.._.ts 

• COOTelatlon ta •l Systeat Specification 

• Otte lapN11t P1 an 

• Pnll•lnary Design 

• Executive Saftw-

~ 
Dick Alberts 

Dick Alberts 

Dick Alberts 

Dick Alberts 

} 

l!t!r 

8: JO A.H. • 

9: 30 A.H. 

• Sy,te,a Startup 

• TCP Operating Sy,teia 

Bob Berg 

Bab Berg l 9:45 A.H • • 

10:45 A.H. 

• App llcat Ion Software 

• Test H1n1geinent 

• Gu ldeway H1t1agelleftt 

• Analysts 

• Critical Algarlt,_ and Processes 

• rt .. 111d ~y Est l■ates 

• Conceptual Test Plan 

• Schedule of Activities to COR 

e Action It• Reyte,, 111d Concluding Rt!lllrh 

(continued) 
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FIGURE 6.2-2 

TEST TRACK/S/W AND VCU PDR ACTION ITEM CLOSURES 

Included in the presentation data for,,,arded in the reference letter were action 
items identified and assigned during the test track software and VCU PDR. The 
VCU action item 9, "Provide Systen Change Notices (SCN's) to correct system 
specification inconsistencies" was completed and closed with SCN's coordinated, 
released and enclosed in the re~erence. 

This letter includes data, as noted on the attachment, which coordinated, and 
closed further action items. 

The •Action Item Closure Confinration" fon:iat included in the data was used 
as a vehicle to coordinate analysis and obtain concurrence by all AG~T technicJI 
support functions . 

We will respond to any questions you may have regarding the enclosed material . 

Closure action will be .provided on all action items still open . 

Very truly yours, 

ll!t.::::: 
AGRT Prcgram Manager 
Automated Transportation Systems 

TEST TRACI< SOFTWARE POR ACTION [TEMS CLOSURE DATA (*) 

Action Item No. 1 Action Item Closure Confirmation 

Action Item No. 2 Action Item Closure Confirmation 

Action Item No. 3 Action Item Closure Confirmation 

Action Item No. 4 Action Item Closure Confirmation 
Memo 2-1033-SYST-093 Ot ' d 2-16-82 

Action Ite.'11 No . 5 Action Ite.'11 Closure Confirmation 
Memo 2-1033-SW&C-037 Dt'd 2-16-82 

VEHICLE CONTROL UNIT POR ACTION ITEMS CLOSURE DATA(*) 

Action Item No. l 

Action Item No. 2 

Action Ite.'11 No . 9 

Action Ite.'11 Closure Confirmat ion 
Memo 2-1033-C&CS-122 Dt'd 2-9-82 

Action Ite.'11 Closure Confirmation 
Memo 2-1033-SYST-092 Dt'd 2-23-02 Rev . A 

Previously Closed 

* Systam Design - R. E. Alberts includes Saft-iare. Vehicle ana Design 
Analysis functional concurrence if not specificJlly noted. 

Syste.'11 Engineering - F. Burns includes Safety confirmation if not 
specifically noted. 

{continued) 
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report, without the engineering effort expended on vehicle require
ments and design to define the C&CS interfaces. This PDR identi
fied how the allocation of system requirements would be in
corporated into the vehicle design. 

The Manual Override Control Unit (MOCU) allows operation of a 
vehicle without the VCU. The AGRT MOCU design was based upon the 
MPM MOCU. The AGRT MOCU was fabricated to support acceptance 
testing of the propulsion unit. 

The EDS brake amplifier was designed and built. This unit allowed 
implementation of the brake amp function with an AGRT VCU but using 
the MPM vehicle. The brake amp was also a component of the VCU 
test set-up. 

Figure 6.2-3 is a small sample of data from this PDR pertinent to 
vehicle design. The PDR delineated vehicle design activities to 
CDR. On March 1, 1983, the Randtronics subcontract was completed 
with delivery of two tested propulsion systems. 

GUIDEWAY COMMAND AND CONTROL SUBSYSTEM PDR - December 20 - 21, 1982 
The GCCS PDR delineated flow down of requirements from the system 
specification to the GCCS specification, S362-90011-1. Figure 6.2-
4, from the presentation, shows an example of flow down of require
ments from the system specification to subsystem specifications. 

Fi gure 6.2-5, GCCS PDR outline, reflects the organization and 
comprehensive coverage of the presentation. Figure 6.2-6 is a 
sample of action item identification and closure. 

ODOMETER DATA DOWNLINK COLLISION AVOIDANCE SYSTEM PDR 
July 27 - 28 1983 

The ODDCAS PDR was presented at UMTA's offices in Washington, D.C. 
In January, 1983 UMTA issued contract modifications which 
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FIGURE 6.2-3 (CONTINUED) 
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FIGURE 6 .2-5 (continued) 

II I. l!ARD~ARE 

A. Overview 
1. Hardware Block Dfaoram 
z. Traceable vs. Non-Traceable Hardware 

B. Internal Interfaces 
1. Interface Groundrules 
z. High Frequency Clock Distribution 

C. Circuit Cards 
1. Conrnunication Processor 
z. Modulator 
3. Loop Driver 
4. Receiver 
5. Speed Limit Checker/Collision Avoidance 

Subsystem Processor 
6. Presence Detection Electronics 
7. Safe-To-Proceed Control 
8. Master Clock 

O. 6uideway Elements 
l. Loops/Antennas 
z. Presence Detectors 

E. Power 
1. Current Requirements 
2. Power Supplies 
3. Grounding 

F. Packaging 
1. Requirements 
2. Design Solution 

a. Racks 
b. Cages 
c. Cables and Connectors 
d. Coo ling 

IV . GCCS SOFTWARE 

A. EDS Software Development Plan 
B. Preliminary Design 

1. Conrnunication Processor 
Z. Speed Limit Checker Processor 
3. Collision Avoidance Processor 
4. Presence Detection Processor 
5. Digital Receiver 

v. GCCS TESTING 

A. Operational Configuration 
B. General Test Plan 
C. Test Confiaurations 

1. Inductive Corrrnunication Subsystem 
2. Presence Detection Subsystem 
3. Magnetic Signaling Subsystem 
4. Collision Avoidance Subsystem 

D. Test Documentation 

IV. GCCS SCHEDULE 

A. Activity to CCR 
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discontinued the baseband reflectometer Collision Avoidance System 
(CASBAR) and replaced it with the ODDCAS design. 

The ODDCAS PDR presentation included material which was quite 
detailed due to the commonality of certain of the ODDCAS components 
to these of the VCU and GCU and as a result of the prior ODDCAS 
laboratory demonstration. 

The ODDCAS Specification S362-90013-l was approved and detailed 
design was authorized as evidenced by Boeing and UMTA signatures on 
the meeting minutes. 

By this time, the System Specification, SS362-90000-3, had been re
vised to SS362-90000-3B. All changes were coordinated, approved, 
implemented, and accounted for in accordance with the program con
figuration plan. Engineering Change Proposal (ECP) #4, for 
example, prograrrvned the replacement of CASBAR with ODDCAS. 

Figure 6.2-7 shows details of the PDR data package and PDR pre
sentation. 
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6.3 CRITICAL DESIGN REVIEWS 

As noted previously, Critical Design Reviews (CDRs) mark approval 

of engineering detail design to subsystem specifications; these 

specifications were previously approved following the PDR. 

Approval of CDR, including closure of all action items, normally 

constitutes authorization to start fabrication. However, because 

of the termination of the test track/vehicle activity, GCU and 

ODDCAS activities ended at CDR. The test track software effort was 

terminated at completion of coding. Software integration testing 

was cance 11 ed. 

Design effort on the 11 MPM 11 modified vehicles was terminated prior 

to the scheduled vehicle CDR. All vehicle design activities, 

including design trades, development test, etc, were compiled and 

documented for the record. 

TEST TRACK SOFTWARE CDR - August 11, 1982 
The test track software CDR provided the technical basis for the 

commencement of the coding and verification of the test control 

software to be demonstrated at EDS. 

Figure 6.3-1, from the presentation, noted the current test track 

software status in the development eye le. Detailed design tasks 

that were completed since the PDR were summarized as noted. 

Figure 6.3-2 is an example of how a specific system specification, 

"switch control 11
, is allocated to the software development specifi

cation. The chart further identifies the incorporation of this 

specification in the software design module identified by the 

macro, 11 SSC 11
; these design modules are contained in the software 

development specification. Following coding, verification is 

established by test. 

149 



FIGURE 6 .3-2 
TEST TRACK S/W CDR - EXAMPLE OF ALLOCATION PROCESS 

EDS SYSTEM SPECIFICATION SS362-9OOOO-3A 

l.1.2.5.6 laltral Hollon Control 

l.1.1.S.6.I Switching 

111, CtCS s111II control the routing of wehlct,, on the 9uldeway by lssuln9 
switch ,_ands to the vthlcle. After I s•llch C011111and has been l11utd, 
the onboard CLCS 111111 dtler•lne, In a failsafe •inner, If 1•ltch verlflc1-
tlon dl1crete1 Indicate the co:nanded dlr,ctlon, This onboard s•ltch verl
flullon shall be acc~lhhed •lthln l.2S seconds after receipt of a 
1wltch Initiate dl1crete . If switching Is not verified 11 requlrtd, th• 
CLCS 111111 c-•lld 1n f111t'rgency stop. lot1I tl•e utlllred by CLCS during 
the I .28 HCDftdl 111111 be equal to or "" than 0.25 HCDnd,. (The 
r,■1lnln9 I . OJ IICDndl 1, 1lloc1ted to the Vthlcle.) 

J.l.Z . 5.6.l Ride Coafort 

hall t CIUII the IC1t19ltudln1I steady state or 1tnu1old1I ride 

SOFTWARE SPECIFICATION SS362-9O5OO-2A 

R 

----:::■:"'.'and~e'."'.:d:"'t:."o~,t!l"'o"".p~and~h~a~,-no~t-:b:-,"':'l!':'n~c~°""'~. ,'.".'.n':",,~=:.d:""':to::"'":1".:'.iv'.".".1:'.:n::,:"• ,"".,:"'-,'."",-.. -, -_-__ ... _ ... _---------

departure occurs, the ,111tcle shall be c0111111nd1d to stop on no,-11 brik,, . 

SYSTEM SPEC 

l.2.Z.J.2. 2 S•ltch Control 

[ach tl■o a ,alllcle arrl,es 1t the l11t l'U before a s•ltch ■19n1t , switch 
control sllall Issue a switch co11und to the telllcle. Two typn of s■ ltchu 

sllall bo supported: flaed direction and de1tln1tt011 dependent . 

for a flatd dlrecttu switch, th ,_anded, 1wltcll dlrecttan 1h1II bl lnde • 
pendent at tho ,elllclo de1ttn1tton. 

Tho ,_anded dlrectlOII far the test loop ealt 1wltch 111111 be dttenln, 1 
by tho ,ehlclo destination, If the wehlcle ' I C001plet1d loop count f'lu • l1 
or eac11d1 tho assigned dntlndlan (111l9n1d hp count), the welllcle 
shall bo ,_anded to switch left (ult test loop) unleu the t.o•dy 
guld .. ay le9"tnt 11 occupied by or COlffllltted ta I vehicle depar ting the 
stat ion (being dispatched to the test loop) . Olher•lse , the completed lap 
count shall be lncr ... nted 111d the wehlc le 1hJ 11 lie ccn:,1nJed to , .. I tell 
rlght .(reaal• on tut laopl , 

If tho neat ,0 actlw1ted br the wehlclo lndlc1 t e1 th1t the ,ohlc lt tAlled 
to switch I• the c-anded direction, Report Gener 1tlon shil l II• noti f ied . 

Report Generation 1h1II aha be notified If the vehicle ts corn1nd•d to 
bY11111 Ila clostlndlon bec1u10 the t-.o•••Y gulde-.11 ts occupied ar 
,_ttted. 

INTRODUCTION • THE SOFTWARE DESIGN MEETS SYSTEM REQUIREMENTS 

SOFTWARE SYSTEM DEV. SPEC SOFTWARE PRODUCT DEV . SPEC 
SS362-90000-3A S36:?-90500-2A D362-90520- l VER IF l CAT !OIi 

PARA NO . TITLE PARA NO. TITLE APPENU!X -;.;u~ METIIOO 

3. 1.2. 5.5 Departure 3.Z.Z.3.1.1.1 Dispatch Control C VHM Test 
Control 

3.1.2. 5.6.l Switching 3.2.2.3.2.2 Switch Control C SSC 

- VEM --- -
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FIGURE 
VCU - CDR 

6.3-3 
DATA PACKAGE 

Attachment A to tti1s letter, in accord w1th the reference, provides 1 
detailed VCU CDR agenda for June 14, 1983 through June 17, 1983 . 

Attachment 8 is I detail listing of the data pack.age being forwarded 
under separate cover th1s date. Four sets of the data are being for 
warded to your office and one directly to Battelle. 

The data package is organized as noted on Attachment B. One copy of the 
•vcu Software Product Specification, dated Hay 9, 1983, POL 03 .06" and 
the "VCU conmunication processor software product specifications• is 
included in the data package for review by software specialists. 

Hybrid simulation documentation, as noted in Section V of Attachment B, 
is not included in the data package. Detail copies can be made 
1v11111>le on request. 
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1:00 A. M. 

9:.30 A.M. 

10130 A. M. 

lhl0 A.M:-

12110 P.M. 

hOO P.M. 

hl0 P.M. 

2110 P.M. 

,:00 P.M. 
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10100 A.M. 

VCU CDR ACl!NDA 

SUBJECT 

L l!'(TRODUCTION 

A. Definition of CDR 
B. Definition of VCU 
C. Requirements Derivation 
D. VCU Organization 
E. Design Modifications since PDR 

IL HARD\V ARE DESIGN 

A. Organizational Overview 

B. Timing Card 
-

(LUNCtl) 

J. RS-232 £a,:d 

K. Magnetic Slgnalllng 

nt. SOl"T\VARI! Dl!SICN 

A. Module Level Design Procedures 

8. Organizations Main Processor 

. (CONCLUSION - SECOND DI\ Y) 

H. Configuration Control 

IV. SUPl'ORTING ANALYSES 

A, Introduction 

8. System Safety 

(CONCLUSION -TIIIRD O/\Y) 

lUNI! 17, J,13 

D, Accomplished to Date 

C. PlaMed 

VL PLANNED ACTIVITll!S TO Dl!LIVERY 

A. Current Status 

(continued) 
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GUIDEWAY CONTROL UNIT CDR - February 14-16, 1984 
The GCU CDR was held at the Urban Mass Transportation 
Administration ( UMTA) offices in Washington D. C. The speakers, 
including our GCU hardware and software designers and system 
engineering (safety) personnel, covered topics including detailed 
hardware and software design, 
guideway layout, and GCU safety. 
the GCU CDR data package. 

testing philosophies, test track 
Figure 6.3-4 features portions of 
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12:30 P.M. 
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__ \ _ 
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VII 

VIII 

1. 
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m. 

FIGURE 6.3-4 (continued) 

PLANNED ACT1V1TIE5 TO DELIVERY 

A. Current Status D. Freitag 
o. Fut..-e Activities 

ACTION ITEM REVIEW (As Required) D. Freitag 

LABORATORY TOUR E.. Nishinaga/ 
(CCU $angle-thread Demonstntlon) J. Forrester 

CCU COR DATA PACKACE 

CCU CENERAL SPECIFICATION 

S362-90011-IA (Revision A), "Performance Design and Quality Assurance 
Requirements for the AGRT-EDS General Specification for Cuideway 
Command &: Control Subsystem," (forwarded to UMTA 3-1.5-83, DTF 
AGRT-EDS 100). 

DESIGN ORA WINGS 

CCU SOFTWARE DESIGN 

l) SK362-323 I l - "firmware FSK Receiver - GCCS and VCCS - AGR T" 

2) SK362-S2.330 - "Firmware SLC Processor - CCU" 

3) SK362-82310 - "firmware Comm/PD Processor GCCS - ACR T" 

IV. MEMOS DOCUMENTING THE CCU DESIGN RELEASED SINCE PDR 

l) Memo 2-.5041-C&:CS-218A, dated 5-17-83, "Proposed Change to the 
Sp~d Limit Checker Implementation" 

2) Memo 2-.5041-C&:CS-21.5, dated 5-27-83, "Vehicle/Guideway Magnetic 
Interface" 

3) Memo 2-.5041-C&:CS-2.59, dated 12-6-83, "Safe-to-Proceed Control 
Card Design" 

V. INTERFACE CONTROL DOCUMENTATION 

!CD 362-900.54 REV B, "lnt~rface Control Drawing Control Elements and 
Rail Locations - EDS/STTF" 
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~ 
LOCATION IIKI 

1:30 - 9:00 a.m. 

FIGURE 6.3-5 
ODDCAS CDR AGENDA 

,. INTROOI ICTION 

A. Definition of CDR 

SUBJECT 

B. Definition of ODDCAS 

ts Derlntlon 

R. OODCAS CONCEPTS ANO ORCANTZA UON 

9100 - 10:15 a.m •. · A. Concepts (System Definition, Culdeway Definition, 
Communication Links) 

12:30 - 1:00 p.m. 

1:00 - 5:30 p.m. 

JllNE6 
LOCATION IIKI 

m. ODOCAS SAPJ!TY AND P!!RFORMANCE 
I 

A. Safety . 
B. Headway 

IV. VElflCLE HARDWARE AND SOFTWARE (Part I) 

A. Vehicle Processor (VCAS) Software 

SURJECT 

V. VEHICLE/WAYSIDE INTERFACES 

1:30 - 9:00 a.m. A. Inductive Communication 
8 . · Uagnetlc Signalling 

VI. VEHICLE HARDWARE ANO SOFTWARE (Part 2) 

A. Vehicle Processor (VCAS) Hardware 

VII. YAYStOE HARDWARE ANO SOFTWARE 

12:30 - 1:30 p.m. A. 
1:30 - 2:00 p.m. D. 
2:00- 2:15 BREAK 
2: U - 2:• ~ p.m. C. 
2:U - 3:J0 p.m. D. 

J:30 - 6:00 p.m. E. 
(LS-minute break Included). 

6:00 p.m. END OF 2nd DAY 

FSK Receiver 
Pre-processor (PCAS) Hardwa,:e 

Ualn ProcessM (MCAS) Hardware 
Wayside SoUware (Overview of Software for 
Main and Pre-processors) 
Pre-pocessor (PCAS) Software 

(continued) 
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7.0 BRASSBOARD FABRICATION, DEVELOPMENTAL TESTING AND 
VCU VERIFICATION TESTING 

As the AGRT Program continually evolved, only the Guideway Communi
cations Unit (GCU), Odometer Data Downlink Collision Avoidance 
System (ODDCAS), and Vehicle Control Unit (VCU) portions of the 
Command and Contra l System actually reached the brassboard stage. 
Only the VCU was formally tested, although the VCU Test Set used 
components from the GCU and ODDCAS development. 

This section summarizes brassboard fabrication, development 
testing, and VCU design verification efforts. 

GCU BRASSBOARD FABRICATION & DEVELOPMENTAL TESTING 
Guideway Communication Unit (GCU) development was stopped following 
the GCU CDR; however, extensive development and testing was accomp
lished in preparation for the CDR. Developmental, brassboard, wire 
wrap assemblies of each GCU board (noted below) were built and 
bench tested. In addition to bench tests, specific developmental 
tests were conducted, concluding with the GCU single thread inte
gration testing. Extensive safety and thermal analyses were also 
made and documented. 

Brassboard fabrication in the development lab was to design 
drawings that were verified at CDR to be in compliance with the GCU 
specification. Developmental hi story of fabrication was recorded 
on 11 Design Development Conf iguration Records 11 (DDCR). Reference 41 
provides a detailed design description. 

Listed below are the three GCU subsystems . 

INDUCTIVE COMMUNICATION SUBSYSTEM 

Communication Processor 
Speed Limit Checker Processor 
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FIGURE 7.0-1 
ODDCAS TESTING CATEGORIES 

TESTING CATEGORIES 

0 DEVELOPHENT TESTS --TESTING TO ESTABLISH PHYSICAL REQUIREMENTS 
TESTirri ro EVAf..UATE IISim occrsrms 

0 BRASSBOARD BENCH TESTS -- TESTING TO VERIFY COMPLIANCE OF DESIGN AT THE 
BOARD LEVEL 

0 HARDWAAE/SOFTWARE INTEGRATION TESTS -- TEST! NG OPERAT! ONAL HARDWARE AND 
SOFTWARE TOGETHER 

0 TYPE APPROVAL TESTS -- ONE TIME ONLY TESTS OF THE PROTOTYPE TO VERIFY THE 
DESIGN 

0 ENVIRONHENTAL TESTS -- TESTING UNDER EXTREME ENVIRONMENTAL CONDITIONS 
(NOT PART OF THIS PROGRAM --PRODUCTION TYPE 
PACKAGING NOT EMPLOYED) 

0 ACCEPTANCE TESTS -- LIMITED TESTING OF EACH UNIT TO VERIFY PROPER 
FABRICATION 

0 GCU/TCCS INTEGRATION TESTS -- PRIMARILY TESTING OF GCU TO TCCS INTERFACES 

0 OPERAT.IONAL TESTS -- TESTING OF ALL SYSTEM ELEMENTS TOGETHER AT THE TEST 
TPACK 
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FIGURE 7 .0-2 
ODDCAS GCU SINGLE-THREAD TEST 
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ODDCAS DEMONSTRATION 

Three communication prototype units were constructed, consisting of 

two vehicle units and one wayside unit. The two vehicle units were 

set up to corrmunicate with the wayside unit through an inductive 

link which consisted of transmit and receive coil antennas and wire 

loops taped to the floor. Each unit was built with transmit and 

receive capabi 1 ities. The scope of the demonstration was limited 

to demonstrating that the two vehicle units could transfer time 

multiplexed data reliably to the wayside unit even in the most 

severe electromagnetic environment. 

Following the demonstration test it was concluded that the use of 

time multiplexed hexadecimal FSK for downlinking odometer data can 

result in the development of a relatively simple collision 

avoidance system. 

Fabrication and development testing of the Vehicle Collision 

Avoidance System (VCAS) and the Wayside Collision Avoidance System 

(WCAS) was initiated following the PDR. Design drawings of the 

tested units were approved following the CDR. Reference 42 pro

vides a detailed design description. 

VEHICLE COLLISION AVOIDANCE SYSTEM 

Figure 7.0-3 is a block diagram of the VCAS equipment on the 

vehicle. The VCAS performs the following functions: 

1. Receive processed odometer data (vehicle speed and 

incremental traveled distance) from the Vehicle Control 

Unit (VCU) and send position and speed messages to the 

wayside based on this data. (Onboard monitoring of the 

transmitted messages is performed to detect transmission 

errors.) 

2. Detect guideway magnet pairs, measure the distance 

between the pair, and perform the coded function. 
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3. Receive uplink signals and use the information in the 
time multiplexing downlinks with other vehicles in the 
loop. New time slot assignments are accepted only when a 
new loop magnet pair is detected by the onboard 
equipment. 

Most of the hardware used on board the vehicle is identical to that 
used on the wayside. The only vehicle-unique elements are the 
vehicle antennas and the Vehicle CAS Processors. 

WAYSIDE COLLISION AVOIDANCE SYSTEM 
Figure 7 .0-4, ODDCAS wayside equipment, shows the WCAS pre-proces
sor in relation to the WCAS main processor and inductive communica-
tion components. 
processors. 

The main processor services up to 16 pre-

ODDCAS WAYSIDE INTEGRATION TEST 
An ODDCAS wayside integration test was conducted as configured in 
Figure 7.0-5. Implementation of test software in the WCAS pre
processor concluded that the wayside hardware was functional with 
respect to wayside loop communication. 

Portions of the developmental ODDCAS, as well as GCU developmental 
units, were subsequently incorporated into the upgraded VCU Test 
Set to support integration and system simulation testing. 

VCU BRASSBOARD FABRICATION - SOFTWARE IMPLEMENTATION - DEVELOPMENTAL 
AND VCU VERIFICATION TESTING 

The Vehicle Control Unit, together with the electrical propulsion 
system, the friction brake system, and the vehicle itself, consti
tute the Vehicle Longitudinal Control System (VLCS). 

An overview of the VCU brassboard fabrication and the extensively 
developed and implemented supporting software is noted here. An 
overview of the upgraded VCU Test Set is provided. A concluding 
surrrnary of hybrid simulation, VCU integration, and VCU verification 
testing in the developmental laboratory follows. 
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FIGURE 7.0-5 

ODDCAS WAYSIDE TEST CONFIGURATION 
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FIGURE 7.0-6 

VCU CHECKED DUAL REDUNDANT 
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In other words, each processor has a separate input/output port to 

a single memory bank, and each processor can read and write, in 

turn, to every location in this shared memory. 

All signals between the Main Processor and the remainder of the 

vehicle are processed as parallel data transfers on the address/ 

data bus. The processing necessary to convert analog and serial 

pulse train signals to parallel form and vice versa is performed by 

circuits peripheral to the Main Processor. In particular, the pro

pulsion signals and the odometer data from each wheel are manipu

lated by separate 8-bit microprocessor units. 

Figure 7.0-8 is the top VCU brassboard assembly drawing. This 

drawing represents the final configuration of the Vehicle Control 

Unit, incorporating all controlled changes through VCU integration 

and VCU verification testing. The VCU Communication Processor wire 

wrap assembly cards, part numbered 362-40101-2, are shown in both 

channel A and B. Similarly, the Main Processor wire wrap assem

blies are part numbered 362-40100-4. Other wire wrap assemblies 

include the timing card (channel 1 only), the RS 232 card, FSK 

receiver (2 cards each channel), the digital input/output card, and 

the analog input/output card. 

Prior to the start of formal testing, all elements of this 

assembly, including the final rack assembly, were verified to the 

design drawings by a team consisting of the Engineering (hardware 

and software) Designer, the Engineering Design Manager, and Con-

figuration Management. All subsequent revisions required during 

testing were implemented with controlled changes. The initial con

figuration of the Main Processor at start of test was 362-40000-l; 

the final configuration noted on the drawing was 362-40000-5. 

VCU SOFTWARE IMPLEMENTATION 

The VCU software design employs dissimilar algorithms to detect 

hardware failures and embedded software errors. Figure 7.0-9 (from 
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FIGURE 7 .0-9 

SYMMETRICAL DUAL-DISSIMILAR SOFTWARE 
WITH REDUNDANT SOFTWARE 
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MAIN PROCESSOR SOFTWARE 
The Main Processor is composed of three distinct elements: 

1) the initialization process, 
2) vehicle control duty, and 
3) background self checking. 

PHYSICAL ORGANIZATION OF THE SOFTWARE 
The design of the code was represented in a Program Design Language 
in a document called the Software Product Specification*. This 
design document presents the modules in the logical order, i.e., in 
the order in which they are called. The logical organization of 
the software was based on a division by function and a stepwise 
refinement of those functions into individual tasks. There are 167 
separately compiled modules. Most of these modules are limited to 
a single task with subtasks called as needed. Any modification to 
a task was, therefore, limited in its effect on the overall 
assemblage of software pieces. The linking of these pieces and the 
generation of checksum totals used in the self · tests were 

automated. 

The physical placement of modules within the vehicle control code 
memory is of no importance. For simplicity's sake they were in
serted in alphabetical order. The variables were also allocated 
space within the random access memory in alphabetical order. 

QUALITY ASSURANCE 
VCU software module unit testing summary and methodology was inter
nally documented. It should be noted that system engineering
safety oversaw all software module designs. The POL specifically 
identified safety critical modules. 

* S362-80501-1A is the Program Design Language (POL) for version 20 of 
the embedded VCU Main Processor software. S362-80501-2A is the POL 
for version 3 of the embedded VCU Communication Processor software. 
Versions noted are final versions following incorporation of all 

changes at end of VCU verification testing. 
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only be adequately tested when the VCU is operating in a real-time 

closed-loop environment similar to what it will see in actual 

operation. The VCU test was developed to allow real-time closed

loop testing of the VCU in the laboratory. 

Basic elements were initially tested on a single string version of 

the VCU. Redundancy and communication elements were then added to 

support formal testing. This phased approach allowed early identi

fication of problems and avoided the situation of having to 

trouble-shoot a large number of problems at one time. 

Program plans specified system simulation testing in the SOIL lab 

prior to test track testing. This simulation test capability was 

upgraded to fully support VCU verification testing. 

VCU TEST FACILITY DESCRIPTION 

A block diagram of the VCU Test Set-up is shown in Figure 7.0-10. 

The major elements shown are the Test Scenario Generator (TSG), the 

Test Vehicle Simulator (TVS), and the article to be tested, the 

VCU. Figure 7 .0-11 is a picture showing the VCU and the TSG, and 

Figure 7.0-12 is a picture showing the TVS. Physically, the equip

ment shown in each picture is located in adjoining rooms, electri

cally connected by an overhead ribbon cable. 

The function of the TSG is to simulate the wayside, i.e., to pro

vide the co11111and sequences that a vehicle would receive from the 

wayside in actual operation. This function is provided by means of 

hardware and software specifically developed for this purpose. A 

Zilog Z8002 based microcomputer system was designed to utilize pre

viously developed hardware and software experience. The design 

objectives of the TSG were to provide the test operator the capa

bility to quickly generate virtually any sequence of commands that 

might be required to create a desired open or closed-loop test con

dition. 
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FIGURE 7 .0- 13 

VCU TEST ASSEMBLY - TOP DRAWING 

-·················································································································· . 
• . . . . . . . . . . . 
• . . 

/tllOAJT 

w w w .. 
• 0 .. 

bhl w w 
11;.i!1! 1=i~1c, : 1i.lo l.i1!:J:11'No.10 . 

. , ~-
J 'C) ·• ... 1,,1 . . . . . . . . . 

= ~ 000° -= Dcuu:ca, ~ 

ltt¥H[ . _: . 

- -
1,,1 

~ - - -
00 00 . . .. .. ' 

" 
: 

~ jE ' 

0 4 
.. ] _ -~~ 
0 Sl~R~ 

......•...••••..............•••••••••• 

... -.-.., ....... 
N•-•M•••U .,.., .. o..__...,.._. ................ 
ta•.....ct1_.._.a, -~····· ~·--·· ........ ,, .. ___ _ 

•• 4,, 

u 

:-:-.:::=.:· - 1-------1--i,,.~~=r-~~~ _,_,_, ........ 
.... le ~=····•~: t:1=:-.::.r.::.~. 
r.:..c:.....-.... \8·-

183 



DUAL-STRING SIMULATION INTEGRATION TESTING 

Following VCU single string simulation testing, the VCU Test Set 
was extensively upgraded to support dual string integration 
testing. It was during this time frame that the test track testing 

was terminated. The VCU Test Set design review was held and action 
to implement the formal simulation test facility was set in motion. 
Dual string integration tests were documented similar to that noted 
for single string tests. Integration tests were as follows: 

0 VLCS Stability Margin Verification 
0 VLCS Basic Response Characteristics 

0 VLCS Position Update Basic Response Characteristics 
0 VLCS Basic Closed-Loop Emergency Stopping Characteristics 

0 vccs Odometer Performance Verification 

VCU VERIFICATION TESTS 
The philosophy in the VCU Verification Test Plan was to concentrate 
on high risk areas; items which are critical to the overall design 
and items that are largely application independent. In many areas, 
a spot check approach was selected in place of the exhaustive 
testing originally planned. The overall objective was to learn as 
much as possible on the operation of the VCU and, at the same time, 
avoid the costs normally associated with a formal acceptance test 
program. 

Table 4 provides an overview of the revised test program. Each 

function entry represents a test or test series. Included in the 
table are the applicable System and VCU Specification paragraphs 
for the function under test. In most cases, a formal test was per
formed to verify compliance with requirements; however, given the 

groundrule that the VCU was not to be altered in response to 
specific test requirements, there are some functions where explicit 
tests are not possible at the subsystem level. In these cases, 

analysis results or the results of software module level testing 
are used to demonstrate compliance with requirements. 
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TABLE 4 EXECUTIVE SUMMARY OVERVIEW (cont.) 

FUNCTION CllJECTIVES Test 
Type 

3.0 LONGITUDINAL COITTROL - Special Purpose 

3.1 Position Update 
Response 

3.2 Station Stop & 
Berth !i::lveup 

Verify response to S 
position update and 
speed change ems. 

Verify accuracy of S 
station stop. 

Verify forced brakes S 
applied after stopping. 
Verify berth mveup 
(single and 111Jltiple). S 

4.0 LOOGITUDINAL (l)NTROL = Emergency Stop 

4.1 Closed Loop 
Emergency Stop 

4.2 Open Loop 
Emergency Stop 

5.0 INIERFACFS 

5.1 VCU-VCAS 
Interface 

5.2 FSK Message 
Processing 

Verify timing and S 
profile of emergency 
rate stop. 

Verify forced brakes S 
applied after stopping. 

Verify switchover to S 
open loop emergency 
braking occurs a:, 
required. 

Verify transmission 
of CAS data. 

Verify response to 
CAS data transmission 
failure . 

s 

s 

Verify that all FSK S 
Messages are processed. 

SPEC PARA SUCCESS CRITERIA 
(System / VClJ) 

s-2.3.2 

V-3.2.1.2.1 Properly initiate and terminate 
3.2.2.1.1 position corrections and speed 
3.5.2.7.1 . 1.1 changes. 

V-3.2~1.2.1 Station stop (SS) initiated upon 
detection of SS discrete, completed 

V-3.2.2.1 within 6" of designated position, 
3.5.2.7.1.2 within jeri< and acceleration limits. 

V-3.5.2.7.1.1 . 5 When closed loop stop is complete, 
3,5.2.7.1.1.6 forced brakes are col!JlBilded and 

continue until dispatch. 
V-3 . 5.2.7.1.1.2 !i::lveup speed profile correct. 

S-2.3.2 

V-3.2.2.2 
6. 4 

v-3.2.2.1 
3.3.3.1. 4 
3,5.2. 7. 1. 1.4 

Response within 20 ms of condition 
requiring emergency stop. 
Stopping distance, jeri<, and 
acceleration within limits. 

s-2.3.3 Reset accepted following completed 
3.1.2.5.7.3 resettable stop. 

V-3 . 5.2 .1.1.1.5 When closed loop stop is complete, 
3.5.2.1.1.1.6 Forced brakes are collI!lal1ded. 

Con:mand continues until dispatch. 

V-3.2.2.2 Interrupt "EB Holdoff" within 50 ms 
S-2.3.3 following violation of specified 

3.1 .2.5.7,3 . 3 closed loop emergency stop error 
V-3.5.2.11.4 limits or other anO!IBlies 

6.4 requiring open loop EB. 

V-3.2,3. 1 
3,4.2.9 
3.5.2.11.1 

V-3,5.2.11.1 

V-3.2 . 1.1 .1 
3. 2. 1. 1.2 
3,4 . 1.1 
3. 4.2.1 
3.s .2.2 
3.s.2.s 
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Properly formatted Odometer data 
and status transmitted via FIFO 
every 40 ms . Handshaking signals 
provided a:, specified. 

Closed loop emergency stop 
initiated in respon.se to FIFO 
failure (improper signals). 
(- FIFO failure reported) 

Uplink and downlink messages 
processed. 



TABLE 4 EXECUTIVE SUMMARY OVERVIEW (cont.) 

FUNCTION CEJECTIVF.S Test SPEC PARA SUCCESS CRITERIA 
Type (System / VCU) 

6,5 Power ~itoring Verify power anomalies s V-3,5, 10, 1 ~en 28 VDC power is< 21.5 V 
reported. or> 28.8 V, warning message 

is sent. ~en voltage drops 
below 25.2 V charger loss is 
reported. 

Verif'/ isafe response A S-2.4. 1 Power failures which adversely 
to VCU power failure . affect safety critical functions 

interrupt the emergency brake 
hold-off. 

6.6 Status !i:)nitoring Verify response to s V- 3.5. 1. 4. 2 Q.lt of tolerance brake pressure 
brake caliper 3. s .2. 10 . , is reported. Closed loop 
pressure anomalies. emergency braking com:nanded when 

both measurements (A & B) are low. 

Verify response to s V-3. 4.2. 10.1 Connict reported and closed loop 
conflict beween emergency braking com:nanded when 
propulsion and brakes. brake pressure (A or B) exceeds 

FOO psig while torque cca:i:r.and 
exceeds 150 ft-lb for 80 ms or IIX)re. 

Verify response to s V-3,4 . 1.4. 1 Indication of temperature failure 
hydraulic system 3.s .2.10.2 reported. Indication of 
anomalies. accLIIIl.llator failure reported. 

Normal rate braking cocmianded 
for single accLIIIl.llator failure 
indication. Closed loop emergency 
rate braking COl!llla!lded for dual 
failure indication. 

Verify response to s V-3.5,2. 10.2 Indication of brake pad 
overheated brake pads. over temperature reported and 

normal rate stop coammded. 

Verify response to s V-3.4 . 1.3.2 Propulsion anomalies reported. 
propulsion anomalies. 3. s.2. 10 . 2 Normal rate stop cocmianded except 

for over temperature or loss of 
battery charger. Stop irrevocable 
when propulsion shut down indicated 
or measured propulsion exceeds 
comiand by mre than tolerance. 

Verify Response to s SV-3,5 .2. 10.2 Irrevocable normal rate step 
co!llllllilication cormianded when comiunication 
processor failure . failure is indicated. 
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SUMMARY AND CONCLUSIONS OF DESIGN VERIFICATION TESTS 

A total of thirty-seven VCU problems were identified during formal 

testing. Most of these were minor in nature and most were cor

rected during the test effort. The significant problems tended to 

be in areas involving interfaces or interactions between elements, 

i.e., problems that did not show up in lower level testing. In a 

few cases, problem correction was deferred to be resolved as a part 

of future application efforts. In all cases, careful problem 

tracking and correction records have been maintained to support 

potential future uses of the current design. 

Numerous problems were identified and resolved during the single 

string developmental and dual string integration testing that pre

ceded formal testing. As a result of this effort, a relatively low 

number of problems were encountered during formal design verifica

tion tests. Extensive software module testing was also helpful in 

this regard, although in hindsight, it might have been appropriate 

to place less emphasis on module level tests and more emphasis on 
subsystem tests. 

From the simulation testing, the following observations were noted: 

1) At no time did the VCU take an unsafe reaction to an anomaly. 

Although this is not conclusive proof, it does add consider

able confidence to the safety approach taken. 

2) Closed-loop testing with prototype VCU hardware and software 

is a necessity. Many of the problems identified could not 

have been realistically identified in any, other manner. 

3) The extensive data collection and processing capability built 

into both the VCU and the Test Set proved invaluable, both in 
troubleshooting and in the quality of testing that could be 

performed. In many cases, the ability to obtain a precise 

record of the sequence of VCU calculations allowed quick 

identification of problems that would have taken months to 

resolve using more conventional methods. This capability also 

allowed a very precise verification of requirements in areas 

where such a check is important. 
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8.1 SIGNIFICANCE TO EXISTING TRANSIT SYSTEMS 

This section examines the significance of our achievements to 
existing properties, including manually operated and semi-automated 
systems . 

SAFETY DESIGN AND EVALUATION STANDARDS 
The AGRT Conmand and Control System meets the Program safety 
requirement to 11 be as safe as modern rapid rail 11

, although other 
performance requirements ruled out the use of conventional vital 
elements used in the control and safety systems of modern rapid 
rail. Our design, which uses off-the-shelf microelectronics, 
proves the efficacy of microprocessor based equipment to critical 
transit applications (safety, control, etc . ). 

We discovered, however, a lack of uniform, meaningful safety design 
and evaluation standards within the transit community. The AGRT 
program identified serious limitations of existing qualitative 

techniques, identified quantitative (analytical) tools and tech
niques, and proved their applicability to transit. 

Microprocessors are rapidly proliferating in all types of products 
from kitchen blenders to automobiles to spacecraft: few other 
implementations provide the flexibility, reliability, and control 
poss ibil it ies realizable with a programmable controller. Indeed, 
existing transit suppliers currently offer, or are developing, 
microprocessor based communication, control, and safety components. 
A microprocessor based system, however, contains complex hardware 
and software working in synergism to provide a desired function. 
This hardware and software must be fully analyzed, understood, 
tested, and evaluated prior to revenue service. No longer is it 
possible to certify a system as "safe for revenue service" based 
upon the "fail-safe application of fail-safe (vital)" components. 

The system engineering design approach and statistical safety tech
niques have been developed and thoroughly proven across several 
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We conclude that implementation of such a system would reduce 
troubleshooting time and hence, vehicle downtime. This reduction 
in maintenance turn around time should translate to reduced mainte
nance costs and possibly to fewer spare vehicles on a given line. 

This demonstration, conducted under UMTA's sponsorship, was con
ducted in June 1984. The technology demonstration was successful. 
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stop whenever possible, the safety criteria should be studied to 

determine the acceptable frequency and allowable deceleration rates 

for open loop emergency stops. We need to trade the risk of a 

failure in the closed-loop braking system against the very real 

possibility of throwing a passenger against interior vehicle sur

faces during a worst-case open-loop stop. 

Th is report summarizes UMTA I s extensive research and development 

commitment to enhance the productivity of surface transportation 

systems. Specific conclusions are summarized in Section 9.0. The 

studies and papers referenced in Section 10.0 reflect the breadth 

and depth of this research and development effort. 

We believe, as previously noted, that the technology is in place to 

partially automate existing transit operations. Here, we note that 

the potential exists to more fully automate new systems. As noted 

in the Foreward, we regard this report as a starting point rather 

than an ending. 
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The thrust of this recommendation is coupled with the con

clusion that the technology implemented in an orderly engi

neered and professionally managed way, will mitigate the need 

for transit subsidies. 

However, the following concern that remains today was 

succinctly stated as follows in the OTA studies: 

"Potential transit system suppliers find it increasingly 

difficult to justify major corporate investments in transit 

innovation, given a history of uncertain federal support, un

realistically tight development timetable, complex institu

tional barriers and the lack of established stable markets 11
• 

6) The partial implementation of automation, noted in section 3, 

needs to be coup led with establishment of safety design and 

evaluation standards. 

Here too, the implementation can be enhanced by the coopera

tive effort of the transit, UMTA, and research and development 

communities. The action group noted above could formulate 

mechanisms to coordinate implementation of the technology, 

establish required safety standards, resolve problems, collect 

data, and disseminate results. 

As stated in the Foreword, we directed this writing to those pro

fessionals engaged in the managerial, operations, and maintenance 

activity of the transit community. 

We believe that the transit community should provide the coopera

tive effort to move the technology forward, and implement the tech

nology that can eventually eliminate government subsidies. 
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