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2. TRANSIT ACTION PERFORMANCE MODEL

The participants in this project were Donald E. Cleveland,
Lidis P. Kostyniuk snd Gary Waissi of the Department of Civil
Engineering (CED.

The Transit fction Performence Model (TAPMY is a suyustem of
user-friendly progrems designed to help a transit plamner, city
treffic engineer or a2 consultant eveluste the impacts of acticrs
intended to improve the movement of pecple on urban streets. The
originel formuletion of TAPM was develcped for UMTA under Grant
MI-0B-0CZ7. It is intended to accompany the still unpub llshed
menual of Traffic Engineering for Transit drafted unrder thes
grant. The TAPM-software packsge was originally designed and
develcped for Apple Il microcomputer using APPLE-Pascal. Ps part
cf the work carried out under this grant, the TAPM package is

being extended to include more models and is being prepared to run
on the IBM and cther microcomputers.

irst describes the programs presently on TAPM
he progress that has been mede in the
M for the IBM microcoemputer.

)
0]

]
« 3

e preogress in the develcpment of the TAPHM
he first year, they are not yet reacdy for
It is expected that, by the end of the
ams will be completed and & techniczl regport
rems will be published. The existence of the
pragram paﬁkage will 2lso be advertised in UMIR’s catalogue of
microcomputer scftwere with transit applicaticns. During the year
TAPM has been made available to UMTA-authcrized transit properties
and has been used extensively by students in University of
Michigan CE courses. This report contains a description of the
trzining course given in September in which students received
trairning in the use cf TAPM and other models develcopsd under UMIAR
support.
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TAaPM Models

At the presert time TAPM contains models capable cof
calculeting the effects of the following actions:

1. Bus signsl preemption
2. Is,la;ed intersection signal setting
2. EBus stop spacing

TAPM Signel Preempticn Iodel (Program Presmpt:. The s:igrail
resmpticn model employed in TAPM waes develcoped by Eaduwan and
Hurley in 1882 1 1mis macroscogic model etrlies & stochastic
1. Rasduan, A.E. and Hurley, Z2.W., Jr., 7A Macrgsccgic
Treffic Deley Model of EBus Preemption,” Irensporiaticnh Ressesrch
Feccrd, BBL, 18Bz, pp. EE8-B5.



ferent bus o”eem“t‘on si"ﬁ~l strategies

« &
. -
at an isclated intersectiorn. The medel permits the user to
evalyste certein operesticnal strategies for bu.“ mein street and
cross-stresst bus traffic It 1s assumed that the signal
cornirclles haes green extension and red truncation capsbilities,
Webster'’s delay formule is used in the delay caT*“‘atishs.

The beasic concept of the model is to invest:
n which any bus deiectiocn event may rasu

r‘r}

preemption, either green extension or red truncaticn. The
prcoabilities of these presmption events and the corresponding
signel cycle lengths and signel splits are listed. The cycle
lengths., proporticns of the cycle which are effectively green,
degres of sstureticon, and flow rates are substituted in Wsbster’
delay formuls to determine the average delays per approaching

vehicle for individusl cases. These average delays and their
probebilities are used to determine the expected delay for each
vehicle,

The program internally cslculates the total delauys for
pessenger cars and busses under the preemption and non-preemption

strategies, and provides the totsl delay saving (or losses)
gttributeble tc the signal preemption. The output includes:
optimel cuycle length and main-street green/cycle ratio, total
perscrh Zeley without preemption, person time saved for cars and
for busses, person time seved for the main street and for the
cross street. end total person time saved with preemption,

TAPM COptimal Signal Time Model (Prgogram BEAST>. This is an
interactive program for finding & fixed-cycle length which
minimizes total personal delay st individual intersections. The
delay formula of Millera’3, is used for calculeting the average
delay for each vehicle on each approach, which is stated as
follouws:

d = (c-grecil-yd {(2x-1/g(l-x) I + (c-gJ + (I-1-y/s)2

d = the average deslay per vehicle on one approach
{sec/vehicle)

c = cycle time (sec)
g = effective green on one approach (sec)

I = dispersion indsex, variznce/mean raetioc cf c
rrivals per cycle on one approach (

£ Miller, A.J., "Settings for Fixed-Cucles Ireffic Signals.
Cpereticnel Resesarch Quarterly, 1%:% (December 18822, 273-38B.

3. nMiller, @.J., "Settings focr Fixed-Cucle Traffic Signals,
Procceecd:ings of Austrelisn Posd Fesesrch Board, VUol. 2, Part 1,
18B4, pp. 342-3E55.



g = arrival on one approach (vps)
s = saturaticn flow on one aspproach (vps)

Uy = g/s, the ratio of arrival to saturation flow on cne
approach

X gc/sg, the ratioc of arrival to capacity on one approach

When the average delay for each vehicle type is weighted by
its occupancy, the result is the person delay. By varying ths
split For sach spproach to & given cucle, the optimum sclution
which minimizes totsl person delay for thet cycle is cbhbiaimed. The
same process is repeated until 2 cycle length which minimizes
total person delay et the intersection is obtained.

The input of the program includes auto and bus arrivals on
two critical approaches, autc and bus occupancies, number of
approeching lanes on two approsches, the dispersion index of
arrivals on both approaches, and the saturation flow. The program

utput includes the cptimum signal setting with totel cycle length
and the splits identified, total vehicle delays for cars and for
busses, toctal bus passenger delay, and total person delay at the
intersection.

TAPM Bus Stop Spacing Model (Program BUSTOPY), The bus stcp
spacing model usecd Iin TAPM is a modificetion of & model develcped
by L.J.S. lesley.

The model considers a bus route along 2 straight road with
bus stops spaced equally apart. Surrounding each stop is a
circular catchment area with 2 radius of half of the bus stop
spacing distance. It is assumed the land use within the catchment
area is homogeneous and generates passenger crigins at a constant
rate per unit area per unit time. The model assumes that a grid
pattern is followed in the passenger’s walk to the bus stop and
thus uses the Euler distance for the average welking distance from
the cetchment area tc the bus stop.

The bus acceleraticon and deceleretion characteristics sare
built into the model. A non-linear acceleration model developed
from performence values cf urban busses is used., # constent value
of 3 mphps is used for deceleration. Passengers arrive randomly
at the bus stop, and have a constant in-vehicle trip length.

The model can calculaste the following outputs

1. The average in-vehicle time of each passenger trip.
2. The average ocut-cf-vehicle time of each trip. Th:
includes the walking and weiting times.
4, Lesley, L.J.E., "DCptimum Bus-Stop Spacing: Part 1,7
Traffic Enginesring and Cortrocl, Octsober 1878, pp. 388-401.

-5_



3. The esverage toctel travel time for a2 passenger

4, The eaverage weighted travel time. This is the sum of the
average in-vehicle time znd the product of the
out-of-vehicle time multiplied by the out-of-vehicle time

or. This is calculated for use in common modal

ice analyses.

5, Base+Passenger ccst per trip. This is a generalized cost
of esch trip. It includes the bus operating cost, the
administr m ive cest per trip, and the velue of
passenger’s total trip time.

6. Route fleet size.

7. Average steady state bus occupancy.
B. OQOverall speed of the bus

Input veriables are:

1. Bus stcp spacing (Ft:
2. Time headway of service (min)

3. TIrips generated per sg. mile per hour

4. Maximum running speed (mphl

5. Route length (mi?

B. Dcor time loss 2t each stop (sec)

7. Eoarding time per passenger (sec!

B. Admiristrative costs of route ($/yr)

8. Hourly bus operation cost (§/hr-bus)

1C. Average annual bus opereting time Chr/yr)
11, Passenger in-vehicle trip length (mi)

12. Passenger walking speed (ft/sec)

13. Value of passenger time ($/hr)

14, QOut-of-vehicle time factor

Translation of TAPM For IBM and Other Microcomputers

In accerdance with UMTA reguirements, the original TAPM
program suystem was formulated for the Apple 11+ sustem using
APPLE-Pascal and made extensive use of the Apple’'s library
Functions and procedures.

The tesk in this phase cof the ressarch was to convert the
original programs into standard Pascal. This conversicn includes
the reprogramming of the Apple-library functions and 11U)mac1mm

given in the USES-declaration of the originsl programs. UWith this
conversicon, TAPM can be easily transferred to any computer rmcw:
the Pascel progremming language. In this phase of the work the
grarhics outrput of the originel programs is omitted becsuse of 1
mgchine-specific feetures. The grerhics will be incorporeied into
the Stargard Pesczl programs mnw:mmwr specific machine starting

with the IBM PC,

The zrograms and subprograms converted f£o Standard Pascel

-7-



TEXPL: The subroutine sx
the user, general

WELCOME: The subroutine including the general welcome-
session and introduction tc the user.

BUSTOP: The program for “Optimum bus stop spacing.”

BEXPLL1: The subroutine of the progrem EUSTOP expleining
to the user how to use the program.

BLIEB1: Functions and procedures of program BUSTOP.

BLIBZ: Functions and procedures of program BUSTOP.

The conversion has slso included the Apple-Pascal library
units TRANSCEND, SCRNSTUFF, REALSTUFF, and PRINTSTUFF used by the
criginal programs as well as preliminary testing of the Standard
Pascal programs. The conversion of the programs PREEMPT and BEAST
and their library routines is to be completed during year tuwo.



3. LONG-TERM OPTIMAL EQUIPMENT REPLACEMENT STRATEGIES

The participents in this project ere James C. Bean, Jack R.
Lohmann, and Rchert L. Smith of the Department of Industrial and
Doerat*c“s Enginssring.

The first year of funding of this project covered the pericd
June 1883 through March 1884, The chjectives of this project,
contained in the proposal, were “to develop analytical methods for
nlenning replacement of existing trensit fleets and to develop
usatle computer programs which can assist in the process.”
Considerable progress was made in developing the algorithm fFor
analyzing bus replacement options. The computer program using
this algeorithm has been written. However, at the end of the first
year, both the slgorithm and the computer program were incomplets.
However, by the end of the second year, enough progress will have
occurred tc warrent a technical repecrt outlining the methedology
gnd explaining how to use the computer program. In addition to
the cobjectives stated in the proposal, the participation of Ann
Arbor Transportation Authority personnel in a2 graduate course in
the Department of Industrial and Operaticns Engineering resulted
in students working on the problem of optimum vehicle assignment
and bus driver scheduling. Following is a descripticn of the
accomplishments during the first year.

Algorithm Development

The problems of when to replace equipment and the chcocice o©of
what to replace it with are well known to public agencies and
private firms. The choices may include the replacement with the
same eguipment or replacement with one of several versions of
models that incorpecrate new advances in technology. On the other
hand, there is always the chance that some new innovation that
will revolutionize the industry is Just over the horizon that will
make previous chcices cbhsolete or very costly.

The inherent uncertainty that sccompanies these eguipment
reclacement problems makes it difficult to handle them practically
as well as to solve analytically. Searches of the literature
ceveal that there is no existing aneluytical technigue that can
handle this problem adeguately.

The transit agency is very familiar with this problem. They
expect to operate indefinitely into the future, must replace

eguipment pericdicelly, and are entrusted bu the public tc make
wise decisions in their purchasss.

e have had seversl meetings with the Afssistant Generel
Maneger cf the &nn Arior Trensportation Buthority end the heed of
bus meinienance at Chicaegc Iransit Puthcrity (C7el. These
discussicns were very veluskle in urnderstending the practices,
goels, and viewpoints cof transit managers and in verifuing cur
beliefs tﬁo- the technigues we are developing are epplicaklie to
the problems of bus replacement facing transit properties.

-g9-



wWe found that the recent experiments with lifecycle costing
heve cieerly done much to damage the credibility of any
forwerd-looking analytical technigues for solving eguipment
replacement problems. However, these negeative opinions appear to
be s reaction tc the socurces cf data in such analuses (the
suppliers. rether then the technigues themselves.

As part of ongoing research and as part of the work

1 his resegarch problem an algorithm which optimizes
eplacement decisicn was developed. The methodology
wes d n general fcr any egquipment replecement problem.
The methcdc‘: uses concepts of dyunamic programming and infinite
horizon (i.e. long and indefinite time frame) optimization. The
potential effects of future changes in bus design and cost are
included in the bus replacement decision making.

A technical paper summarizing this methodology was submitted
to and will appear in The Engineering Economist.

Computer Software

The computer program code is the first version cf a computer
program which is intended to help transit agencies in their
equipment reglacement decisicons. It is an application of the
general optimal eguipment strategy elgorithm which was described
in the previous secticn. Members cf the research team acquired
date and information about the issues involved in egquipment
purcheses from the Ann Arbor Transportation Authority and worked
these into their general equipment replacement algorithm.

Thus, the computer program is a specific application of the
thearetical model to the bus replacement problem. The program is
intended to be user-friendly and to be easily used by transit
agency personnel. It is being developed for the IBM PC in the
BRSIC language. The program is still in its prototype state end
is not yet user-friendly. Work is expected to continue and it is
anticipated that the program will be completed during the second
year of funding.

Uehicle Assignment and Operator Scheduling - Algorithm and Program

Operational planning of transit service requires the
determination of routes, freguency cof service along routes,
assignment of vehicles, and cperatcr scheduling. Each sgency
tries to optimize this procedure such that 2 desirable level of
service is maintained and the costs are minimized. This is &
large scele suystems problem and is guite formidakle in the general
case.

The discussizcns with Ann Arbor Transportesticn Authority led
to their participation in Industrial and Operations Engineering
B40, ”“Mathematiczl Modeling of lLarge Scele Systems.” In thi
cocurse graduaste students beceame familiar with technicel problems

_10._



Facing 8ATA and currently available software for solving them. The
students worked with AARTA personnel to address one of these
prokblems by develeping an slgorithm for optimum vehicle assignment
and bus driver scheduling for the Ann Arbor Trarsportaticn
suthority .

The flest of vehicles, routes, and freguency of service wers
teken as given and the optimization of the vehicle assignment and
driver scheduling wes formulated as & linear programming groblem.
The routes were assigned for shortest milesge including minimizing
dead heading. The operator schedul:ng incorporates relisf time,
focrmetion of shifis, and minimizes the number of trippers
(part-time drivers cr overtime?. At the snd of the algorithm,
work schedules feor 21! reguler operators are be generated. Based
on their senicrity the cperators could then bid for the schedule
of their cheoice. The “trippers” remaining in the final sczlution
would be assigned to part-time operators.

It is unlikely that this model would generate the cptimal
assignment and cperstor schedule in the first pass. There are
undoubtedly latent constraints better known to the scheduler.
Furthermore, some of the ccnstraints built into thes mocdel might in
reaelity be scft and permit marginal viclation in practice. The
model itself is seen as a2 tool which the transit authority could
use in an interective envircnment where the scheduler’s experience

oulcd augment the computer optimizstion

This project led to & finel report which wes forwarded to
ARTA and to UMTA fFor review and comment.

Future Funding

In order to run a credible research effort on problems of
this type we believed that funding in addition to UMIA monies was
necessary. As a result, a good deal of our efforts during
1883-18B% were aimed at developing this additional furnding. UWe
have been very successful to date. IBM has awarded us a grant of
€5B,000 to study similar problems. Further, the Nationzl Science
Foundation has awarded Professor Jack Lohmann $52,500 which will
be used to a great extent on this project.

Combined with the $30,000 budget proposed for the second yeser
of this UMTA grant, we now have a substantizl research effort in
this arsa. UWe believe this combined funding will enhance our work
on the bus replacement problem due tc economies of scale in the
research effort.
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%. ANALYSIS OF BUS MAINTENANCE DaTh

Introduction

In serving the public safely and comfortakbly trans:it
prcperties must meintain the condition of their fleet. Providing
such maintenance efficiently is a continuing challenge. An
understending of how the various component systems of vehicles
perform fas measured by failure rates, replacement costs, lost
service time, etc.) is useful tc management in directing an
efficient operation.

B
t

Even in a small property, collecting data on and analyzing
such maintenance details menually has been a tedious and laborious
procedure. Consequently, it has seldom been done in a complete or
satisfactery manner. The availability of computers and
development of more sophisticated record-keeping software has made
it practical toc maintain more detailed records.

One part of the University of Michigan’s UNMTA-sponsored
research program is directed toward the development of
instrumentation to permit early detection of bus component and
subsystem failures. The expectaticn is that such detection will
lead to fewer breakdowns, road cells, and service interruptions.
In connecticn with that development, we have acquired 2 set of
computerized maintenance informaticon which provides estimates of
current breakdown freguency. The Ann Arbor Transportation
Authcrity (ARTA) computerized most cof its maintenance records
beginning in October 18B2. The computer package used by ARTA, the
Vehicle Service Accournt or V.1.S.A., was originally obtained from
Des Moires, Icwa. Shortcomings of this date system, for our
purposes, include the absence of road call information and the
program’s inability to accurately cumulate data from year to year.
However, as a means of familiarizing our data and research
analusts with maintenance data fFile building and filtering, it weas
decided to use the ARTA information to determine repair freguency
of mejor bus system components for the ARTA.

In the fcllowing sections, some of the results of our
analysis are presented. While some further esnalysis will be
necessary, these results will be used when we test the
instrumentation for detecting incipient maintenance problems in
our future research program. We have also obtained a2 larger data
set from Seattle Metro. We expect to use that in addition to the
AARTA deta in the development of the preventative ms=intenance game
during future Center activities. UWhile the results reported here
are of limited use in themselves, theyg will be useful in future
compariscns.

AATA Fleet Data
The AATA fleet consists of B4 operating vehicles, 4S8 coaches

with sesting capacity ranging from 33 to 53 persons and 15 vans,
each with a capacity for 12 people. The average age cof vehicles
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ears as of December 1883. Thirty-seven cf
s were manufactured by GMC and twelve by

in the flee
oo icl
lxible. The fifteen vans are produced by Dedge and

m

The aATa wvehicle maintenance files recorded under a work
order Format include odometer reading, problem part number and
name, vshicle age, system repsir, and operating cost data for
replacement parts and maintenance labocr. Using these dets, the
freguency of repeir of mejor component systems were deterrmined for
vehicles classified by vehicle use and by manufacturer.

We now present an anslusis of the freguency of the componernt
system repairs for the entire AATA fleet for 1883, The five
component systems repaired most freguently within the fleet, in
decreesing freguency crder are: (1) electricel, (2) brake, (3)
engine, (4) bedy repair, and (5D transmlss¢on. Work on these five
systems constitute more than 70 percent of the work crders the
ARTA garage completed in 1983, Table 2 presents the average

Table 2

Mear Miles between Repair (MER) and Average Number
of Work DOrders Per Year (WPY) by Sustem Repesired
Vehicle Component/System

Ughicle
Type Electrical Brake Engine Body Repair Trans
Work BC1 432 237 265 147
orders
Coach
MBR 15,076 27,1387 26,847 22,864 23,085
WPY 7.1 £.3 1.0 4.0 3.4
Uan
MBR 28,400 139,805 25,210 12,414 7,088
WPY .9 5.5 4.3 3.5 2.0

number of miles between repairs (MBR) and the average number of
visits for the these repesir systems, along with the number of work
orders recorded for each of the top ranking components.

e following secticns examine the frequency and cost of
system repalr bu vehicle manufacturer and wvehicls tupe Ue locok
meinliy &t cosch vehicles menufactured by Genesrel Mctors ernd the
Dzodge vans

GMC Coach Data

There are three age groups of GMC vehicles used in daily
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service. The two largest groups in active service are the eleven
1874 and three 1876 GMC New Look models. Fourteen vehicles are
1881 GMC advanced design buses. The average number of repa

crders by system was determined for each group zlong with the
aversge number of miles driven between repairs. An ll-month
cumulative ceost totel for replacement parts and lebcor to keep a
given system ope;at-onal was also obtained. Next, a cost-ps--mile
(CPMY tetel for pearts end lebor for each component wes develcped.

Flﬁallu, the most freguently replaced parts are listed. These
values are presented in Tekles 3 and 4, with the replacement parts
Table 3
Summary Repair Statistics:
1874 GMC Coaches in ARTA Fleet
avg. Avg., Mi. Avg. Cost per mile
Compenent Visits Between
{11 mo.> Repairs Parts Labor
Electrical B.B 9,411 .0057 .C0108
Erakes 12.3 14,400 .00B7 .0270
Inspections 5.0 3,370 . Q0483 .0228
Body Repeir 3.3 23,3800 .0024 .0088
Transmissicn 5.1 E,555 .0053 .01i39e
Table 4
Summary Repair Statistics
1981 GMC Coaches in AATA Fleet
AVG . Avg. Mi. Avg. Cost per mile
Cocmponent Uisits Betuween
(11 mo.3 Repairs Parts Labor
Electricel B.2 8,845 . 0025 .00B8
Brake 4.4 12,0384 .00BS L0140
Inspections 5.5 4,227 .00838 0153
BEody Repair 4.2 13,582 .CC3C L0073z
Transmissicon £.0 4 B76 Neislle] ,CO40
summarized in Table £, It can bhe sesen that brave repaire on the
cider coeches sccus much more freguently than on the trans busses.
The MER for esngine and body repairs on the new busses are much
less.,

—1|.i_



Takle 5

Most Freguent Replacement Parts for GMC Coaches: AATA (13SE3)

Flectricel Erake

Part Qty. Part Oty.
Flazsher (SFSBa) 77 Dessicant Filter 75
Sealsd Esam (40002 33 Front/rear brakes 3
Sseled Seam (HEE2D 45 0i! Sesl (2C10BO™ 51
Power Supgply 24V 24 Seal Assembly (2010085) G5C
Relay (BBY1298) 1B Spring (23777123 36
Light Sccket (B3077C1> 16 Roller (2356115 32
Engine Body Repair

Gasket (513284500 13 Fisheye Mirror (E3752 2z
Fuel Tube (5126336) 15 Mirror Rssembly 13
Water Pump (5101802 11 :
Transmission

Gasket (877504 20

Dodge Uan Analysis

The Dodge lc-passenger dial-a-ride van fleet contains tuwo
vehicle age groups, five from 1875 and eight from 18B1. Tables b
and 7 show the ranking of component systems for each of the Dodge
van age groups. Large differences in repairs to the various
systems for the two models are apparent.

Table B

Summary Repair Statistics:
1875 Dodge Vans in AARTA Fleet

Avg. Avg. Mi. Avg. Cost per mile
Component Visits Betuween
(11 mc.) Repairs Parts Labeor

Electricel 3.5 22,Cc72 QCEs Ouiy
Brekes 1.7 1,133 cosl gz4s8
Engine £.8 18,638 1372 C308
Body ERepeir 2.5 21,237 cou7 £o3s
Trensmission - - o041 .0258



Table 7

Summa*g Repair Statistics:
SB1 Dodge Vens in ARTR Fleset
Avg. Avg . Mi. Avg. Cost per mile
Component Uisits Betuween
(11 mz. 2 Repair Parts Labor
Electricel 14,3 3,524 .0051 .043se
Brakes 7.4 18,703 NelelL-L: .oe28
Engine 4.8 15,882 .0101 .0280
Body Repair 3.1 E,253 .0027 .C360
Transmission 2.0 10,786 .0015 .0120

Work Order Fregquency by System

An analysis of work order fregquency for both coaches and vans
was made using a two-way cross tabulation of manufacturer vs,
component repair type. Tskble B presents the total number of work
orders by component for each manufacturer. The analysis was
carried cut toc determire whether the relative amount of repairs
eguired for & particuler component differed by wvehicle type and

"y

cu
ake

Examining Taktle B, and focusing first on the coach
menufacturers, there are major differences in repair freguencies
by system. Particularly large differences in relative electriceal
and transmission repeirs can be seen. For vans, the differences
between the two makes is not great. Looking at vehicle type,
glectrical repairs are needed more often in the vans than on the
coaches in the fleet.

Summary

The information shown above is part of a pilot study and is
cf limited value by itself. However, we have shown that 1t is
possible to use computerized maintenance informaticn to produce
data which will be useful in future research endeavors. We have
also established the groundwork to examine cther transit fleet
maintenance data bases. Such analyses will be used in developing
optimal maintenance schedules using the instrumentaticn to detect
incipient maintenance problems described elsewhere in this report.
These detz and others will alsc be used to develcp a preventative
mzintarance geme to bhe used as a treaining tocl for transit

me.rtenance perscnnel.
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Brake
Expected
Col%

Electrical
Expected
CclX%

Engine
Expected
Col%

Transmissicn

Expected
m~—=1%

el ]

Body Repair
Expected
Col%

Table

Ughicle Component Repair Werk Orders
by Vehicle Type and Make

11.5
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142
117
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220

245
34.2
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135
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S. INSTRUMENTATION T2 DETECT BUS MAINTENANCE PROELEMS

The primary participant in this project was William B,
Ribbens of the Department of Electrical Engineering and Comp;t
Science. He is z2lsc the director of the Uehicular Electroni

Laboratory.

The objective of this project is to develocp instrumentaticn
tc detect incipient feilures in certain critical ccmponents of
busses. A system for detecting incipient bus system failures has

heen “elﬁ*'velu expensive Iin the pest compared with costs of
prcviding ground-based transportation. However, the commerciel
evailability of reletively low cost sensors and microprocessor—
based electronics raises the possibility of applying this failure
detecticn concept to bus fleets.

During the first year’s efforts in this project, the efforts
were directed toward developing the actual instrumentation and
demonstrating that it can detect degredaticr in an engine’s
performance. The instrumentetion was installed on a VW diesel-
powered avtomobile and tested in laboratory and street conditions.
The tests showed that simulated degredetion of one cylinder’s
performance was easily detectable, even when operating the test
car on rough, cocbblestone streets. technical report describing
these tests in available.

The next stage in the project is to test the instrumentation
on busses in revenue service. In addition toc demonstreting the
feasibility of installing the instrumentation and being able to
detect performance degredation, the next stage will involve the
collection of statistics relating performance degredation to
system failures. These will be used to develop cptimal
mzintenance strategies based on infarmation collected through the
instrumentation.

Description of the Instrumentation

The system under development in this project differs
significantly from existing fleet maintenance eids or sutomatic
diagnostic instrumentation. In the latter case, computer-aided
testing is performed toc identify the existing stabus of individual
compenents in an attempt to detect existing failures. Such tests
are normally performed st test stations and the monitoring results
in 8 sample of the system’s status a2t the time measurements are
made.

=3
®
<
®
¥

In incipient feilu icn, t icle’s overall
perfcomance is continueslly monitored during normal cperetion,
Performence degredetion cen be detected st an sarly siage.
Whenever performance degredetion is detected, zn or-bzard
Ciagnostic routine cen be celled upon to isclete thes degreded
components. RAppropriste warning messages, calling foo speEcific
malinteEnance ecticn, can be displayed or stored.
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ify it. This information is useful for preventive

ernance and can significantly shorten diasgnostic time and

r time. Even when nc major breakdown is averted, this system
Improve maintenance efficiency.

M 0

Experimental Findings

Results during the first year are reported in more detail
elsewhere, but a brief synopsis will be given here. Experimental
measurements were made of the non-uniformity metric for a four

gylinder 1.5 liter VW diesel engine. Separate sets of
measurements were made with the engine in a test cell and in s
vehicle driven on different kinds of streets.

Test cell measurements were made with the sngine driving a
weter brake load through an elastic link coupling. The
experiments were made running the ergine at a variety of
conditions consisting of various RPM and torgue loads. In one set
of measurements, the engine was ogperated with one fuel injector
disconnectes in order to achieve a condition of extreme torgue
non-uniformity. Comparing the non-uniformity metric for normal and
three cylinder operation reveasled very strong differences
independent of EPM and lead.

Add:itionel tests were made usfﬁg the same type of erngine 1n &
VW Pzsszt, with 2 five-sgpeed manugl transmission and frort wheel
drive. The same sersor was used uﬁd date were reccordec for
enelysis identicel to thet used in the test stand sxperiments.
Street opperetiorn intreoduces random varistions in the driveline
snguler speed Thess rendom varistions are sdded to the torgue
non-uniformity prod d by the engine itself. These tests uwere
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conducted to sse 1f engine degredation could be detected even in

the presence of "nocise” produced in actual driving situatians.

—
m
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ts were conducted on & normel road, an expressway and an
tone street. The latter test produced an extreme case
ced crankshaft speed non-uniformity. The street

icn, especielly on the cobblestone street, did produce a
degree of non-uniformity than test cell measurements.
with one cylinder disconnected, the additional non-

J is pasily detectable, even for the most sxtrsme stree
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Summary

First year results show that a relatively inexpensive sensaor
can be installed in production engines with minimal modification.
Moreover, with relatively inexpensive electronic signal
processing, the sensor produces information which can detect
degredation in engine performance, even under extreme street
conditions.

Experiments with a VU diesel engine are promising enough to
plan to test the instrumentation in diesel busses in revenue
service. The next stage in the project is to develop statistics
that relate measurements of non-uniformity to engine failures and
to use these statistics to improve maintenance scheduling. The
final cbjective of the study will be to evaluste the improvements
in maintenance efficiency that can be obtained through the use of
this instrumentation.
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6. SECTION 15 REPORTING SYSTEM

Hjm anmwnmwwc proposed concept for cur Secticon 15 reporiing

syst we included severel long-term activities, each of
nojm.amnmfpu scope: acguisition of the existing Section 1S dste
with yearly updates thereafter; crestion cf z computerized
cetzbase, together with sppropriste user-crisnted documentation,
gccessible to both remote and local users; formulaticn end conduct
of trezining sessions for database users; conduct of special
detzbezse analuses on reguest; and conduct of an on-going analysis
and resesarch program designed to wmmHmf transportaticn plarning.
The work wes to concentrete con operationzl and ejguipment-related

aspects of transit system performance.

Although the gozls given above remain valid, a sharp
curtailment of the intended program hes been necessary because cf
the reduction in scope and effort of the overall program. Clearly
the longsr-term goals depend completely on acguiring the Secticr
1S data and putting them in a form suitable for subseguent
analusis. Accordingly the efforts to date have been restricted to

this activity.

Hjm <ojunwm releted information in the Section 15 reports has
been crganiz cn to deatea sets cn MIDAS, the Michigan Interactive
Deta _mHmmym mcm em. Thus, it is accessi Udm for resesrch cn

mn;anw level statistics ammp ng with vehicle-releted problems.
ucnpjm the seccnd year of Center operestiocns, these data sets form
the basis for & research effort to define peer transit agencies
s

based on geographic data. The data sets are alsc being used by
students for class research projects. This use will help to guide
Future organization of the data sets and, ultimately, make them
useful to the research community at large. In this section, ue
repcrt the progress made during the first year efforts.

Section 15 Data File-Building Activities

Four mumm containing the Section 15 data were cbtained from
the Transportaticn Systems Center of D0T’s Research and Special
Programs Administraticn. (Three of these contain the first three
reporting years in the ”standard” format, and the fourth contains
the third-yeer deata in an alternate format.) The third-year data
are known tc be more complete and less subject to reporting
ancmalies than those for the first two years, and it was decided
ﬁo direct our initiasl efforts there. Subsets of the data--these

re detailed in subsequent sections of this repeort--were created
in MIDAS, the Mich:gan Interactive Data @nalysis System. MIDAS
ds mwmnn are reedily converted to those suitable for use in

OSIRIS, enother cf the popular data mnmwmmum preograms bhoth here
end st other computing installation If use of the Section 18
eate by SRS cr SPSS ussrs is desired, then the MIDAS datasst car
be written out 1n a2 format conven pmnm for re-reading by sither of
thcse programs.

Two kinds of daste maripulation and analysss are anticipated
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For these data. O0One kind is the generaticn of new variables from

existing variables for each cof the trarsit pro p=”tiss An analyst
might be interested in knowing for example e number of fatal

) e )
accidents per tctal vehicle miles, 2 guan tltg rsadilg celculzted
From data reporied by the ;Paﬁerties. The gther kinZ invclves
comperiscn of variocus operating data eacross preperties, either of
directly-reportecd date or of derived variables

For either of these spplications, it is necessary to have all
of the data for gll of the transit properties in a single detesst.
Accerdingly, much of the effort to date hes been directed to
manipulating the date supplied by TSC intoc 8 MIDAS cdatasef suitesble
for subseguent anzlusis. As noted earlier, the focus here is on
the operational aspects of transit system performance, sc the date
contained in the "400” series of Secticn 15 reporting forms have
been combined into & single file. A rectangular file structure
has been employed, wherein each MIDAS "case” contains all of the
data for one reporting system. The result is that theres are as
many cases 25 there are reporting properties, 318 for the third
repcrting year used here.

The contents of the file are described in the next section.
The MIDAS datesst variables are given together with their
releticnship to the Section 15 data forms and the documentaticn
provided with the TSC data tapes.

Contents of MIDAS Dataset

The structure of the MIDAS dataset and its relaticnship to
the Secticn 15 reporting forms are most easily understcod by
referring to Appendixes A and E. Appendix A presents the
appliceble reporting forms of the "400” series along with Form No.
001, TRANSIT SYSTEM IDENTIFICATION SCHEDULE. The MIDAS variable
numbers are noted directly on the forms, and the variable numbers
of derived variables closely related toc the directly-reported dats
items are also given,

The table of Appendix B gives further information about the
dataset. Data in the first three columns--the number, name, and
number of levels of the MIDAS variables--are taken directly from
the output of & MIDAS "DISPLAY INTERNAL FILE” command. Column 4
repeats the applicable form numbers, and Column S lists the
Transportation Systems Center tape flle number from which the
numerical dates were taken. This number, together with the ”Iable
VIIl - Deteiled File Descriptions” documentation provided by TSC,
will permit s complete refersnce to the origingl date if desired.
The MIDAS variskle names are generally a2 replication or variasticn
zf the TSC weriektle names as uwell.

Severel derived variebles appesr throughcocut the fills thezi are
lebeled gs "ordinzl” verlebles., These are ccmmonly used here
because 8 numkber of the crigineal variables uere received in alphe
{7tent,” in the TSC documentation? form., These do not lend
themselves to snalusis in MIDAS, sc their crdinsl function wes
derived. This is simply & numeric ranking of the slpha varisbles



in their narmal colleting seguence. Thus, for example, the four
reporting levels (Variakle S R, A, B, and C have crdinal velues
cf %, 2, 2, end 3, respectively. As noted, Veriable 5 and its
ordinal (VUasriskle E) identify the reporting level used by each
trensit property. OF the 312 preoperties in the file, & simple
one-way tabulation shows that 182 (57.1%> repcrt at the the "E”
{required’ level. The & level shows 23 (7.2%>, the B level 40
(12.8%y, gnd the C level 74 (23.2%). Tuenty-Five cases (7.8%3
show & consolidetion of two or more suystems as indiceted by
Varigkles 7 and 8.

Mary of ths sustems operate more than one mode of transit, cf
—ourss.,  Teble 8, obtained from der.ved Varisble 12, pressnts the
17 different combinations ogbserved among the 318 properties. A1l
Sut 1B systems cperate motor busses, and it can be seen that 1688
of these 301 systems rely sclely on busses. Ancther 88 systems

pc"-* in the demand response mode along with the bus mode. This
fact ovides additional impetus to our earlier decision to focus

our °Ff”“*s on bus-related issues of transit cperstions,

Table 3
Reporting Mode Combination and Freguencies
Mctor Repid Streest Treolley Demand Ferry Ot
Freo. Bus Rail Car Bus Eesponse boat

188 X - - - - -

4 X X - - - -

1 X X X X - -

1 X X X X X -

1 X X X - X -

2 X - X - - -

1 X - X X X -

1 X - X - X -

1 X - - X - -

1 X - - X X -

SE X - - - X -

2 X - - - X -

1 X - - - - X

1 X - - - - -

2 - X - - - -

15 - - - - X -

1 - - - - - X
Cete from Form 401 appear in the "100” series cf var
Form 202 detz in the "20C” series, and st on. Tuwo except
be ncitsd, The First is thet Form 406 (TRANSIT SVSTEM SER
SUPPLIEZ, etc.) genersted cver 10C wvariables, numbered fr
TIB. This will not creszte confusion in that Form w07 des
with re:il modes cf transit, and thus is not included in o
current File-building efforts. The second excepticon is t
from Form 2CB (REVENUE VEHICLE INVENTCRY SCHEDULED have n
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he File. This will be completed during the second
in issues relating to high missing-dstes rates on
variakbles are resolved.

users of these dets, whether desiring direct access
copies cof the date in hard-copy cr tepe form,

Jemes D2'Day (313-7E4-ES504} oo lLyle Filkins

for further information,



7. THE ESSENTIALS OF TRAFFIC ENEINEERING FOR TRANSIT MANAZERS

The Center conducted & training course for mid-level transit
managers during the uweek of September 20-24, 18B4. The course uwas
ccncerned with presenting traffic engineering principles of
perticuler interest to transit property uperatars as well as &
deteiled introduction to the use of perscnal computers in such
aprliceticns. 7The course was presented at UMTRI’s building in Ann
Arbor, Michigan.

Faculty invelved in the course included Mr. James 2’Day,
Acting Directer of UMTRI, Dr. Donald E. Cleveland, Professor of
Civil Engineering and course manager, Dr. Lidies P. Kostuniuk,

Associate Professor of Civil Engineering at Michigan State
University, Dr. Cyrus Ulberg, Center program coordinatocr, Dr.
garon Adiv, Assistant Professor of Urban Planmning, M. Michael
Sagers of the UMIRI scientific staff, Mr. Gary Waissi, Doctoral

Applicant in Civil Engineering and Professor Herbert S. Levinson
of the University of Cornnecticut.

Administrative and logistic assistance was provided by Ms.
Michelle Barnes who prepared the course attendance certificates on
the Macintosh personal computer and Mr. Bruce Bertram of the UMIRI
professional staff. Demonstrations were zlso made by Mr. Charles
Green of UMIRI. Graphic and photographic services were provided
by Ms. Kathleen Richards. Field trips were made with the
cooperation of Mr. Edward Stokel of Generzl Motors Coach (a2 visit
to the manufecturing facility for GM buses in Pontiac and &
discussion of bus maintenance issues), Mr. Richard Simonetta (a
visit to the almost completed new maintenance facility of the Ann
Arbor Transportation Authority) and Mr. David MacDonald of the
Southeastern Michigan Transportation Authority (s post-course tour
cf the douwntown pecple-mover currently under constructicn in
Detroity.

Participants
Seven students participated in the courss The
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Lecturer Wenzhi Wang of Jilin Technical University cof
the Pecples Republic of China and visiting tranrsit
scholar a2t UMIRI elsc attended the courss.

Course description and logistics

The course began on Monday, September 24, 13884. It had
been anticipated that some of the sttendees might arrive at
Detrcit that morning but all had come in on the previous evening,
and accordingly, it became pessible to start the technical program
early with an overview of the week and an introduction to
microccomputers and estimates of their future usage in transit
properties.

The group ate tcge* er and were all hcocused in a nearby mctel

ransportetion wes provided by the University between the course
headquarte*s +~he mctel, eating establishments, anrnd field trip
locetions., th the exception of one evening, the group ate tud
meals sach uag with at least cone member of the sernior faculty.
This was found to be en excellent way to cbtain feedback cn the
progress of the course and interests of the students end to adept
later sessions to some of these needs.

On Monday afternocn there was a8 demonstration of a recently
introduced spread sheet program by a local computer outlet
representative as well as an introduction to some specizl uses of
the Apple 2 and Macintesh computers. The use of the TRS-B80 as a
date collecticn and compiling aid was also demonstrated within a
street transit operation framework. The students were then given
an assignment to go through these various procedures themselves in
a2 hands on mode and with one instructor for each student cor group
of students when they preferred tso work together. The assigned
problem took them through a simulated date set acguisition,
compilation, reduction and presentation sequence of steps. Monday
evening there was a social reception at Dr. Cleveland’'s home.

On Tuesday morning, Professor Levinscn gave his lectures on
traffic engineering acticrns which could be made to improve street

transit cperaticns. Fcllowing lunch Professor Levinson led a
discussion of relevant transit issues invelving traffic
engineering matiters. Professcrs Cleveland and Kostgniuk then
described ths TaPM (Transit Action Performance Mocel)
microcomputer programs develeoped at the University of Michigan i
the Civil Engineering depariment under an UMTR grant These
programs celculate cptimel signal timing considering bus
pessengers as of egual impcriance to passenger car occupants,
exglore the effects of bus presmption systems and corsider the

-85_
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sday morning was devcied to hands-on expe
€ by the course participants. 0On UWednesds
2 description and hands-cn laboratory experi

ansit programs developed elsewhere and made av
through UMTA. This included some maintenance management and
transit demand preograms developed by Dr. Ulbesrg., Mr. Waelissl
demonstrated the McIrans program package from the University of
Florida. \Uednesday evening there wes a visit to the Ann Arber
Transportation Authority’s bus maintenance facility in the final
stages of constructicon. An informal evening was spent with
representatives of the Authority.

On Thurdsay there was a visit to the GMC bus assembly plant
in Pontiac, 2 discussion of bus maintenance data and a group
lunchecn with GMC representatives st the Pontiac Silverdome
resteurant, In the lete afternoon Mr. Seyers presented a

description end demonstration cf *he UMTRI program developed for
the FHUWS which determines the amount of off-itracking of & large
vehicle turning at an n*e*sec-;:m. An example using an
articulsted bus currently being marketed in the U.S5. was
demonstrated. An informal bangquet was held Thursday esvening.

On Friday morning, there was & presentation of the
neighborhoog transpOPtat*Dn system managesment game developed by
Dr. Aadiv For METRO in Washington, D.C. under an UMTA grant.

Following an evaluative dlSCUSSl”ﬂ of the neesd for the tupe of
meterigl presented,the cocurse ended. Some participants made a
sponsored vigit to the SEMTA people mover fFacilities under
construction in Detroit. The students were asked to eveluate the
course snd to participate in & continuing cocperative effort to
use software provided to them by the Center and tc provide
Feedback on their use of this softuere,
Course materials

Each student wes provided with & notshook with handouts which
supperted each lecture and demonstretion and minimized the need
for taking nctes. In zddition, the vericus public domsin programs
were mede svailable to the students 1n the form of disbettes end
other softuere wes lczned tc them for an irndetermingtes time pericd
or condition thet theyg weoeld grovide an svelusticn of thelr
ussfulness to the (enter

Extensive use was made of drafit materials prepared by
Professors Levinson, Cleveland and Kostyuniulk for UMTA ss & part of



& publicetion toc be entitled TRAFFIC ENGINEERING FCOR PUBLIC
TReNSPORTRTION., Comments were sclicited from the studsnis and
severel useful suggestions were received. As a result of their
comments, some of the user-communicetion aspects cof the T4apPM
maﬁsls were revised fFor the IBM PC programs.
Evaluation

Formel esvaluation forms of the tyupe regularly used st the
University cof Michigan were made available to esach student with
the reguest thst theg he returned to the Center after erriving &t
the:ir home staticn and reflection on and discussicn of the velue
cf the program with their manangement. Early responses initiated
a particuler interest in the traffic engineering aspects of the

£

course and & desire that the trsining in the general use o

icrocomputers be lessened. It was apparent that the
instltutional structure at some of these larger properties had
already foreclesed the extensive individual use of personal
computars by analysts. It is the belief of the Center staff that
smaller prcperties may be more flexible and find perscngl computer
training of more velue. We found no indication that these
employees, w:ith their wide veriance in background, were unprepared
for the meaterial presented to them in this course.

Marketing

This course was originelly rplanned to be offered in early May
cf l18B4. Publ;:i.g, in the form of & leaflet had been prepared
wilth the intenticn of a promotional mailing shortly after January
1, 1t was then learned that an additional approval at the state
level would be reguired and that there was particular urgency in
processing applicaticns for Secticn 10 grants. Accordingly, the
APTA membership list was culled for properties in the midwest and
these large enough to receive benefit from traffic engineering
improvements in their service areas. The training officer in each
of these properties was contacted by telephone and the program
described and guestiorns ansuwered. It is believed that this
perscnel contact was of particular value. Contact wi th possible
course participants was mainteined throuvghout the Spring and it is
bel:eved that the participation was greater than it would
otherwise have been as a result of this effort.

Conclusions

Certer staff believes that the course was successful. The
corntinuing interest of the participants throughout the week
attested tc that. The feedback recsived in the lively end cfien
ccrtinuing informal interaction during the presentetions wes of
particuler velue tc Center persconnel.



Appendix A - Annotated Sectijon 15 Reporting Forms
!‘“m k!u OC’1
TRANSIT SYSTe# IDENTIFICATION SCHEDULZ

S
TRANSITSYSTEM D | | I | | B1SCAL YEAR |
F1s Ve |

Vi = eaomAe(vi) Vorz  Zo Yeer

Trensit svsiem name:

Z. Trznsit systiem egcress
_ Strest Agdoress
City
State l ] Zip Code l T
2. Person to be contaciec regercing the report:
b
LzsT Name First Neme enc Initieils)
7»»']E
Telephone | [ 0 | 0 b bbbt
Arez Numper txtension
Coge
&, Fleesse check the instruction manuzl under wnich you ere r=porting

e
(see .the Preface 0 the instruction menuzl) 2
-
R Recuirec Menuz) Ve = cropNAL(VE)

1 & Level 2 Voluntery Manuel
[ 8 level B Voluntary Manue)

C Level C Voluntary Menuel
5. Plezse indiczie the mode(s) which you ere reporting V72SmbLE R Mot Meor
V1o = pepiial (VY]

Demznc Resoonse

- |

[ 12=5EPmepeS| 1 Motor Bus
/13 = pBp /AL () V/z.z.

I

2 Reil Rapid Transit V| & Ferrvboszt
/ P -
/4L>7f;¢54aDJgp -
] % Street Cer ] ¢ Other
joentsif
— b

&. Plezse inciczte the numder o revenue vehicles in your Tieet(s) &g of the end
f <he fiscz)l year being redorisc.
PR . , . ,
T 1 1 1 K Reil repic trensit czrs T T F votor buses, Class & 7
— . — e . ) .
Pl I 1 8 Streeu cars [+ ¢+ 1 . & Dlemznc Pesoonse Venicies//f
(r———— - .o . . T—_—-_'_ N - -
Sl b ¢ roligybuses . i = STNg0T ouses
! i D Mctor Suses, Chass A YS T -1 Fer-y frets
S —— -
g T ° Mm*me Zhese  Clzec 2 //é T v Rteze Seyerie Yehdield
Pl - ) Suges, Ligss o R TOJINEY Cevenue Vehigles
: T¢ thie wemerT ¢ consgligeTicon oF Two ov mIve gwstsmeT  Tlezse review TasTrulTiong




Form 401

TRANSIT SYSTEM SERVICE PERIOD SCHEDULE

Trensit System 1D // Lt Leve! o
/3 ‘/4 j’/;’-’ m——
Tisczi VearZnges L | Lt 0 [ ] Mooe V /o1 Coce ___
: Monin Dey Year b )
I
i
LINE |
NO. | ITEM WEEKDAYS SATURDAY SUNDAY
| LIMITS OF SERVICE PERIOD:
07 | Time AM service begins vijcz [ /4_/5_ L Ve
2 | Time AM PEAK service begins ZE
03 Tirme Midgay service begins /4
v Time PM PEAK service begins L LO5
!
13 i Tiroe Nign1 service begins L_10¢
o8 : Time Night service ends z/e7 114 L {17
|
| TOTAL HOURS
i
07 | AM Peak period /086
§
D8 | Miocay periog L /29
oe PM Peak periog Lz/0
10 Nignt perioc Lz
11 ENTIRE DAY—TOTAL HOURS L2 L1E -

Sorm UMTA £2710.63(7.78)



Form Ne. 402

REVENUE VEHICLE MAINTENANCE PERFORMANCE

AND ENERGY CONSUMPTION SCHEDULE

v.ic/

Leve! E

Moge Coce
c Slonh Dey Yezr b
i LINE | |
T ITEM i AMOUNTS
| .i |
 NUMSER OF ROADCALLS |
: |
o For mechznical faiiure " vy 20z |
02 | For other reasons 2C3 |
| ]
| I
e TCTAL ROADCALLS 204 s
0¢ | TOTAL LABOR HOURS FOR INSPECTION & MAINTENANCE L zC2 )
i |
1 ' NUMBER OF LIGHT MAINTENANCE FACILITIES i
v ! |
Co0s ! Serving under 200 vehicies { 2C¢ ;
. 08 Serving 200-300 venicies i 207
L7 ! Serving more than 300 venicles A 20 &
oo ! TOTAL LIGHT MAINTENANCE FACILITIES i 2C¢G
4 |
| | ENERGY CONSUMPTION
i |
' i
Loos | Kilows Tt hours ¢f prouision power (000) ’ |
a0 Gallons of diesel fue! L 2/C |
P Galions ¢! gasoline ! 2.1/
. Gaitcns of LPG or LNG 1 2/2 |
T Callons of bunker fuei L |
! i
! | !
ferm UNT LA SI7C0 6 TTE

A-3
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Fform No. &04

TRANSIT SYSTEM EMPLOYEE COUNT SCHEDULE

Transit Syszem 1D #7/ Lt Levei
= Vg 2 .
Fisczi YearZncec __ ! Lt 1 1 | Moge V4O Coce
¢ rionn ey Yezr b ¢
B ; ‘ EMPLOYES EQUIVALENTS
. LINE | EMPLOYEE CLASSIFICATION 3
[} t .
RS | OPERATING LABOR ; CAPITAL LABOR
; |
.~ 01 1 1. Trensoometior Exesutive, Professionz! ang Suservisory Personmel | VL OX Vi Vs
: ! : i {
i : H
¢ i i e R
i 02 . 12, Transoemeation Suppor: Perscnne! L 4e3 J it s
: o . ) =
¢ &2 | 13, Revenue Vehicie Operztore ' [ 2oL 'L Py
i { t .
: : i
i I i
! ! . - . - . . - i =
i D& T 2% Maintenance Executive, Frofessions! enc Supervisory Fersonne! ; | 40-9 ' _ ( 4 /&
; i ;
' 02 | 22 Maintenance Suppor Personnel L LC¢ Vi 4,7
]
© 08 ! 23 Revenue Vehicle Maintenance Mechanics ‘ | &7 il 4/&
i i :
: - . . : g v —— ¥
.07 i 24 Otmer Maintenance Mechanies L Ze08 L L/9
' |
’ . i r
. 0 28, Vehicie Servicing Personne! 409 i &20
: |
i |
! %
¢ 0E 31, Generali Aoministraticn Executive, : — .
Frofessionsl enc Supervisory Personne! i /O L 42/
. |
: i
f ) . i r =
{30 1 220 General Acministretion Supoort Personnel L 41/ NWi_£xZ
i ; ; !
j i !
! i .- " | —
ot TOTAL TRANSIT SYSTEM EMPLOYEES i L &4/2 i 423
Forem UN 27508 TTT A-g



Form No. 405

TRANSIT SYSTZM ACCIDENTS SCHEDULZE

Trznsit Svetem 12 }// ] . Levei E’:

v L poysy
Fisczi Yesr Zaces | ot 1 L1 Moge L7 oo
c d

[
Q
3
5

Ly

5
~
<
o~
2

(S 2

i
NG, | ITEM ! COLLISION ll NONCOLLISION | STATION
l§
- NUMEER OF ACTIDENTS CLASSIFIED AS:
o Fatwlity, Personal Injury & Property Damage PR | V509 | VS e
cz Fatality & Personal Injury S o2 | S/ O | /7
s Eewzlity & Preperty Deamage SOo4 | -y S/ 8
S0 Feaiity Only =) & I Si2 i S/ ,5_
- Personz! Injurv & Property Damace Job 5 S /3 | T2C
- og ! Personal injury Oniy é:o? ! é’ﬁ | S22/
P07 ! Property Damage Oniy [ so& [ S 12 ! D22
. 08 TCTAL ACCIDENTS | SeY t S 70 | S 7/
| NUMBER OF FATALITIES CLASSIFIED AS:
1 Revenue Venicie Cccupants —
Looe On-Duty Oceupants V523 ! st _27 | V_..‘?_g-‘?
T Othen T2l L 230 i LZEe
1 | C 0
! wher Vehicie Ocsudsnt N—
Coir On-Duty Empioyees 3______2; l iei : = v’é
b2 Others 2 ‘ R ! Z2
|
i Fegesirians e
P13 0Oa-Duty Empioyees ‘ 2__2 7 ‘:;;ii 1 -?g
AT Others =2 £ i ' T
; i NUMEER OF PERSONS INJURED CLASSIFIED AS:
| 4 Revenue Venicie Occusent —
! i e e 5 &/ { Z 7 i S5
15! On-Duty Smpioyees 5 . 2
T Otners SE&2 l 46 i LS54
? &
; % wher Venicie Ocsudants —
Y ; ? tOﬁ-C)xm/ Emdioyees !Z 2 1 £ 49 I S55
T Cthers 5 L4 1 S5O l S5¢ i
E Pecesirians —
' Or-Dusy Emsiovess | SLLs | L5/ f {5-5-7
oo Dtners ! S&E i L52 : L8
|
Sorm UMTS £oTe0.87 7.72)
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Appendix B - Contents of MIDAS Section 15 Data Set

Table Gi
Contente of MIDAS Dataset

MIDAS VARIABLE I |
" { | FORM | T&C
| Name | Levels 1 F ] FILE &
| \ . 1
1 } TR SY 1D | o053 | all | “17
Z | FY YEAR | 1981 1 &1l | All
2 | FY MOWTH | 12 I All | All
4 | FY DAY J 31 I Al | Al
S | RLEVL | 4 1 001 | 62
é | ORDRLEVL | 4 I - | -
7 | CONSL J 2 I oot | 62
& | ORDCONSL | 2 H - | -
¢ ] SoMMD | 2 I - ! é2
| ORDSOMMD ! 2 [ - | -
J ORDTRSY ! 10871 M - | -
! REPMODES | 1234500 i - I -
| ORRMODES | 17 N - | -
| REPMODID ! 188 1 - | -
| MTRESA# I 4548 ' 0C: | 2
I MTRBSB# I 242 I aod | z
! MTRBSCH | gs I 001 i 2
| DR VER# | 243 I 001 ] 2
! MODE | ¢ i1 401 | 39
| AMSRE | 200 H 401 | 39
| AMPSE | 900 Il 401 | 3¢9
| MYSRE | 1330 I 401 | 3¢
l PMPSE I 1800 I 40! | 29
I NTSRE | 2200 I 401 | 39
| NTSRE ] 2445 ] 401 | 39
| AMPRD J M 401 | 2
! MDYPD J H 401 ! 3¢
| PMPRD | I 401 | 39
| NGTPD | N 40! | 39
| TOTHR | I 401 | 29
! AMSRBSAT I 1050 il 401 ] 40
{ NTSRESAT | 2442 I 401! | 40
I TOTHRSAT | I 401 | 40
l AMSRBSLIN | 1600 I 401 | 40
| NTSRESUN J 2430 ] 40¢ | 40
I TOTHRSUN | I 403 ! 40
| MODE | i Al J Al
| RCMFL | Hi acz | z¢
i RCOTH ! i 402 ! 28
| RCTOT f I a0z I z8
l INMNL | : e 40z | 28
i MFAC! | 21 i 402 | zg
| MFACZ | 12 Pl qiz | 28
I MFACE | i i 40z | 2€
| MFTOT | iy i sz i 28
J 1 ) ) )

et o e —m e e o = cam c et Ame i e o= e mam aan ot e e oo e aman wt e St g e e Do



Table B! f(continued)
Contente of MIDAS Dataset

MIDAS VARIABLE

] |
" - | FORM i TSC
¥ i Name | Levele I # | FILE ¢
1 ! ] L J
210 | DFUEL | 30219724 i 402 | 28
211 I GSOL | 962721 I 402 | 28
212 I LPGLN ! 298403° I 402 ! 28
201 | MODE | 4 i1 All | Al
302 I DMEXR J i1 I 403 | 23
302 | DMCAR | é4 | 403 | 23
304 j DMMXR | 5340 | 402 | 2
401 | MODE | b4 I All ! Aall
402 | QPTR EPS | I 404 ] 24
40z ! OPTRSPRT | i1 404 | 24
404 f OPRV OPS ! ] 404 J 24
405 | OPMN EPS | [ 404 ! 24
4(¢ | OPMNSPRT | B 404 | 24
407 | OPRUMNMK | I 404 ! 24
40¢ | OPCTHMNM | I 404 f 24
406 | OPVHSRVUC | I 404 ] 24
410 { OPBNAEPS | IR 404 ] 24
411 | OFPGNASPR | i 404 | 24
412 | OPTOTEMP | I 404 i 24
413 | CATR EPS | I 404 } 24
414 | CATRSPRT | ] 404 ! 24
413 | CarRV OPS | I 404 | 24
41é | CaMN EPS | I 404 ] 24
417 ! CAMNSPRT | i 404 | 24
41 | CARUMNMK | I 404 i 24
419 l CAOTHMNM [ I 404 ] 24
420 | CAVHSRVC | L 404 | 24
421 | CAGNAEPS | 1 404 | 24
422 I CABNASPR | I 404 | 24
423 | CATOTEMP | I 404 ] 24
501 | MODE | 9 I Al ] A1
502 | COLFPIFD | 4 [ 405 | 22
503 | COLFTPI | 2 ! 405 | 22
S04 | COLFTPD | 2 |1 405 | 22
S50% | COLFTOLY I 3 I 405 | 22
S0é | COLFIFD | 1063 | 40% ! 22
507 J COLPIOLY | 2656 il 40%s ! 22
SlE | COLPDOLY | 5918 i q0S I 22
80¢ ! NCOFFIPD I 1 i a0s ] 22
Sig ! NCOFTF! | 1 | 40t i 22
511 | NCOFTPD | 1 I 40% | 22
iz i NCOFTOLY i 8 P 4% ! 2z
13 | NCOPIFPD | 1052 M 435 i 22
Tid | NCOFICOLY | 284¢ il 40s I 2z
tis ! NCOPDOLY | 242% Hi 405 ! 2z

B-2



Table B! {continuved)
Contente of MIDAS Dztaset

MIDAS UARIABLE

I
v { 1 FOPM ! Tt
Name ! Leveis I % | FILE &
1 il
| STAFPIPD | p I 405 ! 22
i STAFTPI | bt I 40% i 22
! STAFTPD | i ! 40% ! 22
| STAFTOLY | i I 40S i 22
[ STAFPIPD | 175 I 4035 | 22
| STAPIOLY ] 376 I 405 i 22
l STAPDOLY ! 94 I 40s ! 2z
| FCLODYRY | i i 405 ! 25
( FCLOTHRV | ! I 40% ' 2%
| FCLODYQV J i H 40% ! 25
i FCLOTHOV ] é i 40% | 25
| FCLODPED ] 1 H 405 | 25
| FCLOTPED | 2 (i 408 | 2%
! FNCODYRV | 1 | 405 | 2%
f FNCOTHRV | & H 4gs ! 25
] ENCODYQY ! ! I 4035 | 25
! 32 FNCOTHOV | i i 405 J 2%
| 533 FNCODPED J 1 [ 405 f 25
| 534 FNCOTPED | 2 I 4095 1 2%
| 538 FSTODYRV | 1 M 40% | 23
| T FETOTHRY | 1 i 405 ! 25
| 537 FSTODYOV | i I 405 1 25
! 38 FSTOTHOV | i i 40% I 25
| FSTODPED | 1 H 40% j 23
I FSTOTPED | i I 405 i 25
| 1CLODYRV | 442 I 4095 | 27
| ICLOTHRY I 3726 I 4095 i 27
! ICLODYWV | 29 il 405 i 27
| ICLOTHOV | 1417 i 40% | 27
| ICLODPED | 14 H 405 | 27
! ICLOTPED | 194 M 405 ! 27
f INCODYRV | 674 b 405 | 27
| INCOTHRY | 2849 i 40% } 27
| INCODYOV | 27 I 40% ; 27
| INCOTHOV | 44 I 4035 | 27
i INCODPED | 122 | 405 ! 27
| INCOTPED | é1 [ 408 ! 27
! / 1ETODYRY | 160 I 40% i 27
| 4 1ET0THRY i 4 il 20s ! 27
oS5 1S70DYOY j 1 b £0% 27
55¢ ISTOTROV | i I ans z7
Se7 1STQDPED | 271 I <08 ! 27
558 18TCTPED ! 4% H <GS 7
Sé¢ COLTOTAL l bat-3 i - - -
570 NCOTOTAL | 5282 H - - ] - -
- !t "
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Table G! {continuved)
Conterte of MIDAS Dataset

MIDAS VARIABLE

H |
, - { ] FORM | T8C
£ ! Name | Levele b 3 J FILE &
571 ! STATOTAL | 376 Il - - ! - - |
0! | SNVOP (e ] 339¢ B 40é ! 30 !
602 | STUMI |AM | 142442 P 40¢ ] 30 ]
© 603 | STUHR &M | 19019 1 40é ! 30 !
604 | STVRM |AM | 131150 i1 40¢& ] 30 !
605 ! STURH iaM ! 17487 i 406 | 20 ]
606 | SROMI |aM | 9495037 1 406 | 30 ]
607 f CUPTR 1aM ! 1870845 1 406 ] 30 |
408 | CUPMI |aM | 2920877 P 406 ! 30 !
60¢% | CATPT 1AM | I 40¢é ! 30 i
610 | PSVOF |AM | 1 404 ] 3¢ |
é11 | PSUOP 1aM ! I 40¢ ! 30 ]
61z | PRUMP |AM | N 406 | 30 !
é1% ! PTSAG |AM | H aaué | 30
614 i PRIOP |AM | I 40¢ ] 30
618 | PSAGT |AM | I 406 | 20
é16 | PTSPF iaM | i 40& | 30
617 | SNVOP IM] I 3396 I 40¢ | 30
618 { STUMI IM] | 142642 I agé ] 30
619 ! STUHR IM] | 19019 Il 404 | 30
620 | STURM IM1 | 131150 I &06 | 30
621 | STURH IMI] | 174g7 N agé | 30
622 ] SRCMI IMI I 9495037 H a0é | 30
623 | CUPTR IM] | 1870845 i a0é | 20
624 | CUPMI IMI | 3920877 I 406 ! 30
25 | CATPT IM! | I 404 ] 30
626 | PSVOF IM] | {1 406 ! 30
627 | PSVOP [M] | 1 40é | 30
628 | PRVMF IM] | Il 40¢ ] 30
62¢ | PTMIG IMI | I 40¢ ! 20
¢30 | PRIOF IM] ] 1 40¢ | 20
¢3! } PMIBT IMI ] B 40é ! 30
632 | PTSPR IMI] | I 406 } 30
633 | SNVOF | PM | 33%9¢ i 40¢ | 30
634 I STUMI | PM | 142642 I 40é | 30
&35 ! STVRR |PM | 19019 I 40¢ { 20
3¢ ! STURM | PM | 131150 Pl 40¢ | 30
X f STURK | FM | 17487 I &Qé i 0
63 f SRCMI I1PM ! 9405037 i 406 ! 30
&3¢ i CURTR IPM | 1870845 I 40¢é i 20
&4 I CUPMT iPM i 3920877 i 40¢ | 30
641l | CaTPT iPM | U a0¢é | 30
4z ] PSUOF |PM | i a0é i 30
845 i FEUOF 1PM | i 40¢ { 30
644 ! PRUYMP | PM | I 406 ] 2C
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Table G! {continued)
Contente of MIDAS Daitaset

MIDAS VARIABLE I !

. i1 FORM | TSC

Name | Levels I # ' FILE &

{ ]t
PTPMG | PM | I aG¢ 1 30
FRIOF |PM i I 40¢ ‘ 30
PPMGT | PM I P 40¢ ! 30
FTSPR |PM | P 46¢ | 30
SNVOP IN] | 3396 | 40¢ i 30
STUMI IN] | 142642 I 40¢ i 30
STUHR IN] | 1901¢ I 40¢ | 30
STURM IN1 | 131150 I a0¢é ! 30
STURH IN] | 17487 I 40¢ i 30
SRCMI INI I 9495037 P 406 | 30
CUPTR INI | 1870845 P 40¢ ! 30
CUNIT NI I 3920877 I §0¢ i 30
CATPT INI | [ 4G¢ j 30
PSVOF INI ! I 40¢ I 30
PSVOP INI | I 40¢ l a0
PRUMP INI i I 406 ! 30
PTNIG INI | I 40é | 30
PRIOP INI | il 406 | 30
PNIGT INI ! i 406 ! 30
PTSPR IN] | P 40¢ [ 30
SNVOP | AW I 335¢ M 40¢ ! 29
STUM] AW | 344483 Il 40¢ ! 29
STUHR 1AW | 43792 [ 406 ! 2¢
STURM |AW i 301981 I 40¢ f 29
STURH |AW | 40264 I agé | 29
SRCMI jAW | 24400000 I 40¢ ! el
SCSHR |AW I 1425 I 406 | 29
SCSMI 1AW | 24522 L 40¢ I 29
CUPTR |AW [ 3545775 I 40¢ i 29
CUPMI Al | 9701485 I 406 ! 29
CATPT jAW | I 4lé ; 2¢
PSVOF jAW | I 404 ! 29
PSUOF |AW I I 404 ! 29
PRUMP | &l | P 40¢é ! 29
PTSAG |AW | I 40¢ i 29
PRIOF |AW | I 40¢ i 29
PS4AGT AW | I a0é | 20
PTSPR |aW | L aos ! 29
SNVOF |54 | 3356 Il 40¢ i z%
STUMI |54 | 344483 il G0¢é ! 29
STUHF | 54 1 43752 I aGé i z¢
STURM | 54 | 301%¢E1 P 49¢ | 29
ETURH |54 | 40264 L 4Gs ! 25
SRCMI |84 | 24400000 i aié ! 29
SCSHR 156 | 1825 il agé | 2§

i [ 1
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Tabie B! (continued)
Contente of MIDAS Dataset

MIDAS VARIABLE

I
‘ I { FORM T8C
& ! Name I Levels ! £ FILE #

' " !} H
¢%0 ! SCSMI 184 I 24522 i 40¢ | 2¢
¢%1 | CUPTR |84 I 39€ST7T i 404 | 2%
692 I CUPMI 84 | §701683 i 406 | 2¢
é93 | CATPT 164 ! H 40¢ I 29
¢94 | PSVOF |84 ! i 406 I 29
495 | FSVOP i8A | t 40¢ ! 29
89¢ I FRUMP | 84 ! i 40%¢ ! 2%
47 | FT8AC 184 I i 40¢ l 29
698 [ PRIOP IS4 ! I a0¢ I 2¢
344 I FSAGT I8A [ i 406 I 2¢
700 I FTSPR IS4 I I 406 I 2¢
701 | ENVOP | SU I 23%¢ I 4G¢ ! 29
702 I STUMI fsU | 344483 H 40¢ | 2¢
703 I STUHR |SU I 43792 i 406 f 2¢
704 I STURM SU I 301981 H 40¢ ! 29
708 I STURH |SU | 40244 H 40¢ | 2¢
706 ! SRCMI sU | 24400000 P 406 I 29
707 I SCSHR ISU I 1429 il 406 i 29
708 I scsMl Isu | 243522 i 40¢ I 29
70¢ I CUPTRISU ! 3965775 t 406 | 28
710 I CuPMI |SU | 9701685 I 40¢ I 29
711 [ CATPT ISU ! H 40¢ I 29
712 ! PSVOF ISU ! b c0é ! 2¢
713 I PEULF |SU ! t 406 ! 29
714 | PRUMF | SU I i 40é ! 29
715 I FTSUG ISU I I 40é I 29
716 ! PRIOPISU | i 406 ! 29
717 | PSUGT |8V I M 404 [ 2¢
718 I PTSPRISU I I 50¢ I 29

4 ] Lo 2
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