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Plans for the First Year 

Durl~g tSe f:rst ,ezr, the Michrgar prcgram was :~:e?t137211= 
zr:~-te$ t s Y n r t  Z ~ E  E~;:~~ET:~Z a75 ?,ar5Lar~ aszests zf tra-s~t 
operations. Thls came zS~ut partly because af our proxlrnltb ~2 :?E 
vehicle rnanufacturlna :3d~stry, and pa r t12  Secaus~ Ce~ter 
persannel are strongly ass~c~ated wrtP a tech~lcal ;rst:t~te a ? t  
L:t5 'Ye en~lneerlng ccllege, The f~.rst shart zaurse develcped by 
tPis ce? te r  was glveq :n Septe~ber, 19!35, and was co3cerned --. L,,xatiiil iilt? traffic erZlrleer1c.g ~inl bus street sErv:ce pLa-7:?g 
for traqslt managers. 

- 
Research a~t:;~l"es fzr the f ~ r s t  =ezr 1qcluAe5 r32r areas: 

. . "-~~:-ce~m-r=lat=e 2 ~ t z  ts 2et~rrc:n~ th e e d  ff=r F E ~ I L T ~ - ~ E = E = ~ : C ~  &. - 
l~str~rnertat:~~, z71 '4: :he $e~p~lc~ae?t sf sdck ~-strs?s-=zt:z-. 
C C ,  F t L  - -+ ,  ,,. + -~f&rrek te as "-r,F-- - - -  -,  I GL b e  \ - L.bl - L s  ,, natlc;~ tra?sf~r" ;.;i the 
grant ~ 3 7 l ~ c a t ~ c ~  wes the develepnert of wcr1::ng ?lies of the L w l c  
SEC~LZ- 15 d a t a .  Lr:tf. j=arr;c"lar ernphasls 07 veh~sle-rclated 
~nfcrnatloc. 



The ?rarrlt Actls? Performance Model (TAPV2 work :c 
c c n t ~ n u ~ n g  1? the ssmnd year  an^ wzs a7 ~ m ~ o r t a n t  part cf the 
trafflc englneerlng course re~orted In this documemt, be expect 
ts zffer t F : s  sz2,lrse again Ir the future. The actlt31t:es related 
tc =tqz: r lng 3-1 3 q 2 1 y ~ 1 n g  rnalqte7ance S a t a  ~ 1 1 1  be used tc 
$ E ' E ? ~ = S  a creq,'emt;i'e rra~ptenance gem= tz hel;, teach ma~~te7a-ze 
strat--les, T h =  dzta ~ 1 1 1  a l s z  be t= b=lz ee:*~ -- E c r Z e = c .  .- , - - ,,, - 3 s  - - ,, - ,SE Z&E : - s t r ~ ~ - ~ - t a t ~ ~ -  zc detect ra:-teqance s r z t - e m s  -2st 
=f';c;e-tl,, " j ~ r g  t?= f2rst k e s r ,  t":~ 1-strdne-tat:=- ~ 2 s  - 
Z E ~ E ~ E ~ = ~  e-z-si t2 ;3r3:2se ~ r ~ r l e r e ~ t ~ ~ g  12s dse 1- r=;It?de 
sere::ce ;F a l c c e l   trans:^ ege?c;. 



Dur:~a r h e  f:rst g e a r ,  vehicle-relste5 S e c t ~ s ~  :5  d z t a  vere 
2-z  --=3 s t r z r t z ~ e t  flies "h-+ - J  I C L  e r e  - I ' - - E - ~ ~ ,  Ld- ,, ,-= ~ E L S ~  25e5 l n  2 

se ra -e  j e t r  r s s e a r c 5  ; r c j s= t  t c  analhze rna:rt=----a ,, ,= ,,, 5 e t a  a:',". 
-,-----...L, - -. 
=i,=.~,4~,, enr52s ; r .  - 7 ~  E;les ZTC' E ~ S Z  be:-g _SP= b= S C J ~ T ~ ~ T ~ S  117 

a  t r a - s se r t a t : sn  rerrilnar fzr ceur se  r e s e ~ r c h r r c : e c t s .  ??E 
~ . ' = e ~ l e - c e  -- ,= - re5  - 1- thess csss b e l s s  tc fu rzhe r  r e f i ? ~  t h e  

s t r , z t ~ r e  zf t ! -~  E 6 3 t  base .  

A u - .  m" 
3 ... s t h e  Clrst 3- l b o a r  l ed  ts t h e  a k l l l t y  ts 7 r c 5 ~ 1 c e  ~ 3 f z s a r e  

Report 

The renal-;lrir; s e c t l z ? s  of t h l s  r s g s r t  a r e  dectstec! t e  
:-e:;)~dual 5 e s c r ~ o t l c ~ s  of t h e  course  and t h e  v a r ~ a ~ s  p r c j e c t s .  
Sect:sr 2 ccr=a:rs a r e p z r t  D n  t h e  :2evelop~e- t  =f T9Pb" ' T r a ~ s : t  
Q c t l z 7  Perfcrnancc '"ladell ,  p a r t l c ~ l a r l y  t h e  a d a g t a t l c ~  zf t h e  
A ~ z l e  ?=scsl c 3 ~ p u t ~ r  7rzgrarns t 3  I E P .  S e c t : o ~  3 prsv ldes  a 
5es=r .  -,-,,r - & ,  q 3f tf'l~ ~ ~ r r h a s e  dec~slo!i-rnak:ng m ~ d e ? ,  S e c t l ~ n  9 
c c r t t l - 5  a -o---+- i,,d,, 57 a r  acialgsls  of  nralnte.;alze i e t a  r e c ~ r P s  f r s r  
37e t r a n r i z  ~ r c p e r t y ,  S e z t l c ~  5 d e s r r l b e s  f l r s t  year  actlv:t:es 
reletee tc t h e  develcynent  zf l ? s t r u 1 e 7 t a t l m  t o  d e t e c t  Scs  
nz: - re~a-ze  p r o S l e r s .  S e z t l c r  6 describes = ~ r r e T t  e f f x t s  with .., t h e  S e c t l c r  15 2 a t a .  S e s t l o ~  d e s s r l b e s  t h e  cau r se  e r t l t l e P  
" E s s e c i t l ~ l s  cf T r a f f i c  E n z i n e e r i ~ g  f o r  l r a n s ~ t  i lanagers,  



2. TRANSIT ACTION PERFORMANCE MODEL 

The partlclpants in thls project were Donald E ,  Cleveland, 
Lidia P. Lzst~rlul: - and Gary Walssi zf the Department of Civil 
Eng;n~er:qg !LEI. 

The Trars~t Pctlon Performance Model (TAPMI 1s a system of 
zser-fr:~ndl~ prograrcs deslg~ed to he17 a transit planner, clty 
t ,rzff:c e7s27eer z r  a cznsultanc evaluate the impacts cf actls~s 
. - L c " T ; D ~ '  i - l L -  ,D ~ m ~ r z , > e  t3e rncliJeme~t 3f pecr,:e c:, urbar, streets. The 
O ~ l G ~ q z :  Fc-r - t - n -  of ?a?l"i ijas develc~ec! f2r LIYTA dqdzr Era-", 
ld: - o E - - ~ - ~  I & : . - L  : s  ;ntendeC t3 azscmpany the st;ll ~7;~b::shed 
ma~ual of ?r-'F1- = r , , -  E~girieerlrig for lrarlslt erafted under that 
g r a ~ t ,  The T9~l"'-software package was ~r~glnallg desi~ned and 
develepef fcr Apple I 1  mlcroco~puter uslng APPLE-Pasczl. Ps ?art 
cf the w ~ r k  carried out under this grant, the TAPM package 1s 
b e ~ ~ g  extende2 to 17~ldde more models and 1s being prepzed tz ru- 
3~ the IBY and cther mizrocom~uters, 

Thls repart first describes the prsErarns presently on ?9PM 
273 then detz~ls the progress that has been made In the 

the 

Plt!?zua!? czns~5era5le progress IT, the deveiopment of the TAPM 
* .  models Cccurrf2 eurlns the first year, theb zre nct yet realy fzr 

seneral d~str:Sst:sr, It is expected that, 5~ the end of the 
se=z?d year, ths  srzgrarns will be csrcpieted and a technisal rezzrt ." docmenting t b ~  FrGgrems will be published, !he exlsience sf the 
pregram ~ackage will also be advertised in UMTR's catalogue of 
microc~mputer scftware with transit appllcaticns, During the year 
TAPM has beer made available to UUTA-aathcrized transit prsperties 
and has been used extensively by students in University of 
Michigan CE zodrsss. This report contalns a description of the 
+-- -Lc,,,ing i ,- ' course gi\:en ln September in whlch students received 
trairlng in the use sf TAPM an6 other models develop~d under UrITG 
~uj)?srt, 

TAPM Models 

At the 
caltzlat:ns 

~resert t;me TAPM contains models capable 
the effects of the following actlons: 

1. Eus signal preemption 
2, Isolated intersection signal setting 
3. Eus stsp spacing 



---- ,-U,ed~re -,s evzl~zte drfferent bus preem;=t:an sl~nal strzteg:es 
at a- ~ s c l z t e ~  ~nterserclc-. The mcdel pera~ts =he dser to 
evaldete certsln Z D = T E ~ ~ E ~ Z ~  strste~ies for bztk me:? strszt and 

t crzss-street Sds tr3ff:~. ,, IS assumes that t h ~  slgnai 
--.-.---- 7 ,- ,-,,,er %a Frees ej:te?sron and i-ed tru;lcat:o;: zasak:l:tles, 
Wekst~r's &la= fcrmulz 1s ~ s e 3  rn the delag calt;lat:s?s. 

The Les;~ cz-cept of the made: 2s  to 1-vest;cste 211 ?~ss,S?e 
cases 17 khici a-g bus dszeztlcn event mag result 1~ sigqa? 
--em---- ,- elth~r greer exte~slor o r  red trdncat:z-r, The 
prskak:l;t:es cf these preemct~o~ eve~ts a 3 l  t 5 e  ---- ,4- - espz7c;-,g 
s:g-~I c ~ c l ~  lengths and signzl spl;ts z r e  lrstet. T ~ E  cds le  
len~r?s. zra?zrt;c-s 3f the c j ~ l e  which are effe=Z;vel= gree7. 
cegre~ ~f saturst:~?, and flow rates are subst;iucet In Uzbster's 
delar f~rrr~ia to d~termrne the average delays per a?proack:na 
VE ! - ~ C ~ E  for ~ n i i v ~ d u ~ l  Cases, These average delays and theli 
pro5zbrl:tres are used to determine the expected delay for each 
5 ~ ~ h i ~ l e ,  

The program i~terna?ly calzulates the total $elads for -- ~csse7ger cars an3 busses under the preemption and non-preemption 
stratezies, and prcvides the total delay savlng Coi losses:l 
attr;Sutahle tt the sigwl preemption. The output rnclddes: 
optrma: cszle lenath and maln-street green/cycle ratio. total 
zersz- zeia, ~ l t h o ~ t  pree~pt:~?, gerson tlme  save^ far cars and 
fcr S~sses, perseq tlme save5 fsr the maln street and for the 
cress szre~t. E F ~  tcts: persan tlme saVded ~ 1 1 t h  p r e e m ~ti~n, 

T'k : mp-!l C.~.!-i-.z..i 5~..~2.!?.4 :..i.?.=--z.~..Gs-.i-..J-~..~.?2~-~~ -.-, ?-E?!:-;-. a I A 5 is sn 
intersztive progran: for finding a fixed--I ,dele length uhich 
-. ~,,nlnrzes tctal p~rsonsl delay at lridlvldual intersections, The 
delay fgrmcla of iYlller2j 3, 1s used for caLculating the average 
d ~ l a ~  fcr each vehrcle cn each appruach, whlch 1s stated as 
follows: 

where : 

d = tke averazje eelag per vehlc:le on one approacf 
Isec 'vehlclel 

c = cycle time C s e t : ~  

g = effective green on one approach (secl 

I = d:s?frs13? :;:dex, var;a7ce/mear ratlt cf czhrzs  oF 
err:::als DEC zjcle 37 one aparoszb CPc:ssc?=l,Ol 

- 2. fll?ler, 4 , 2 . !  "Se" ,;:~gs for Flxed-Cgcl~ ~ r ~ f ? i ~  S L ~ - , B L ~ ,  - > I  - " -c"+ I: ."""E". ,  12: 1:3e=en;3er 1:53:1, 373-336,  L2ST2LLC3EI XESEa,  ,,: ~*dn- ,,- , u .  A ..... ..,-..-..- .... ..... ................... ....... - ....... " ....... " - 
3 .  e J ,  "Se-+ '  ,,,n;s fcr Fixe$-r;%-ls - r L  Traffic Sign~is," 

Pr=re~i:ngs ................................................ sf AustreLran Vz1,  2 ,  Part 1 ,  
19E" p ~ ,  352-355, 



P = arrival sn one a~proach (vpsl 

s - szturatizn flow on one approach Cvps3 
y = q/s, the ratlo of arrival to saturation flow on one 

approach 

x = qc/sg, the ratio of arrival to capacity on one approach 

Uhen the average delay for each vehlcle type 1s welghted by 
lts occupancy, the resdlt 1s the persor delay, By varying the 
s~l:t for each a~oroach tc z. glven cycle, the optlmu~ sclutl~n 
whlc3 nlnlmlzes tots: ?ers3n delay fsr that cjcle 1s sbts;ned. The 
same process 1s repeated m t l l  a cycle lensth whl=h mlnlrlzes 
total person delay at t3e lntersectlon 1s obtained. 

The input of the program includes auto and bus arrlvals on 
two critical approaches, auto and bus occupancies, number of 
a7pr~achina lanes on two a~proaches, the dispersion index of 
arrivals on b ~ t h  approaches, and the saturaticr flow. The prograrr 
output includes the optimum signal setting with total cycle length 
and the splits identlfled, total vehicle d~lays fcr cars and fzr 
Susses, tctal bus passenger delag, and total persan delay at the 
intsrsectlon. 

r )  7. Lf?P'l.-B~s_.%.-_;l.-_;l ~S.yac. i~~- .E~de. i  !L~~~F!~.~.~~~.~~BU~L~P!.. Tfte Sus s ~2 z 
spazi~g model used in TePM is a modificetion 3f 2 m n e ~ l  develc7ee 
k= L . J . S .  Lesley, Y 

The model consid=is a bus route a l ~ n g  a straight road with 
bus stops spaced equally apart. Surrounding each st07 is a 
circular catchment area uith a radlus of half of the bus stzp 
spacing distance. It 1s assumed the land use withln the satchment 
area is homogeneous and generates passenger origins 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 
thzs uses the Eulef distance for the average walking distance from 
the cztchment area tc the 23s stop. 

The bus acceleration and decelerztlon characterlstlcs a r e  
bd11t lnto the model. R non-1:near acceleration model developed 
frcm performance values cf urban busses 1s used, P constant value 
nf 3 nphps 1s used for deceleration, Passengers arrlve r a ~ d o ~ l g  
at the bus stop, and have a constant ~n-veh~cle trlp length, 

The model caE calculate the following outputs: 

2 ,  The average :--lJe5lcle trme sf each qzsse7gEr trip. 

2. The sveraze =~t-cf-veh~cle ~:TE zf e a z 5 t t l ~ .  Th:r 
~ ~ c l u d e s  the ;alL;l~g and waltlng t ~ n = s .  

?>nF+. 2 ,  Les1e;: L . 2 . S . :   mum Bus-Step Spacing: Part 1 , "  
r t r r  L E f =  Knz,;-~.e~r..~..n~..-a?..; E.~- !ZI .E. .~ .~  Dk-dber 1z76, m. 332-901. 



UJ 

X 
U 
fj 
I- 
(C 

tJ- 
C 
UI 

t3 
u 
rn 
*1 
a, 
rt- 
b*- 
0 
3 

I1 
11 
UI 
r t 

.-. 
W 

:T 
I 
I 

Lt' 
C 
m 
V 

'11 ID r l  r t  
o n :J. t- 
1  1 0 3  

tT [D 
C rc 'TI - 
U) '1 
m r t o  
-3 11. 4 

t- m 1: 3- 
3 I 1  P 

o r t -  V) 
f1 [I 
0 c t  0 <a 

3 I ' 0  tn 



The s ~ k r s d t ~ n e  e::cla:r:-G r ? ~  zrzgrarr  LisaaE tr 
t h ~  zser, general 

T!I~ s-krcutine lnc:ud:1~ r!?e ge?ersl w e l ~ z r n e -  
sesslov a76 lntroductlon tc the zser. 

The 7rzgram far "Eptlrnum hzr  r z z s  sFacl7g." 

The subroutine of the progrsr EQSTgP e r ~ l a l ~ i n g  
to the user hou to use the pr3gran. 

Functions and procedures of program BLSTOP, 

BLIB2: Functions and procedures of program EUSTOP. 

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



3. LONG-TERM 3PTIMAL EQUIPMENT REPLACEMENT STRRTEGIES 

7 .he particlgants In thls prcject are James C ,  S ~ a n ,  Jack R ,  
Lohnann, and Rcbert L. Smlth of the Department of Indastrlal and 

The first year of funding of this project covered the period 
J ~ E  1983 through March 19E3,  The objectives of this project, 
contained in the pro?osal, were "t3 develop analytical methods for 
pls~nlng replazenen: of existing trzinsit fleets and to dewlap 
usabl~ cmpater programs which can essist in the process." 
7 itns~~erablz srzgress was made in developing the algorithr for 
anelyzlng bus replasement options, The computer program uslnz 
t:kLs algorithn has Seen written, However, at the end of the first 
year, both the algorithm and the computer prosran were incomplete. 
Hodever, by the end of the second year, enouah progress will have 
oczurred tc warrart a technical repcrt outllnlng the methodology 
and es;l~i-:ng hau to dre the computer program, In ad~itlon to 
the objectives stated in the proposal, the participation of Ann 
Arbcr Trans7ortation Guthority perssnnel in a graduate czurse in 
the Degartment cf Industrial and Cperatlcns Engineering resulted 
rr st~dents wzrl:~?g on the problem of optrmurn ve5lcle asslgment 
ard ~ J S  drlver schedalina, Following 1s a descr~ptlon nf t5e 
az=zr?pl~shments during the flrst year. 

Algorithm Development 

The problems af when to replace equipment and the choice Z F  
u h a t  to replace it with are well known to public aaenzies and 
pr~vate flrrns. The choices may include the replacement with the 
same equipment or replacement with one of several versions of 
models that inccrpcrate new advances in technology, On t3e other 
hand, there is always the chance that some new innovation that 
will revolutionize the industry is Just over the horizon that will 
nake 7revlous chcices obsolete or very costly, 

The :?herent uncertalrty that accornpan;es t5ese equipme-t 
re;;acernent proklems makes lt dlff~cult to handle them prastlcally 
as dell as to solve a?alyt;cally. Searches of the llteratiire 
reveal that there 2s no e>.lstlqg ane,lgtlcal tezhnlque that can 
handle thls problem adequately. 

The translt agency 1s very famlliar with thls proklen, They 
ezpezt to operate ~ndefln~tely lnto the future, must repiace 
e q u ~ p m e ~ t  perlodlzalig, and are entrusted by the pdB1iz t= rake 
i:se declslzns L~ t b e ~ r  ~ ~ r c 5 e s e s .  

.. We ?av€ h a d  severs: meetings ulth t5e Psslsta-t ~ e ~ e r ~ l  
*.-,--- ,t;,er cf t h e  2- '7 o y k c ~  - : ~ 8 7 S i ; C T ~ ~ ~ ~ G "  cii*t-?-1+ ,, $,, , -; eqi t!-5 ' :ZEC! 3f 

- bus r ~ ; r t e ~ a i c ~  at ?-lcag= lranslt Q-t5crrtj C Z P : ,  T?-ESD, 
,,,,uss:cis A ,  =- were ilerb i.alJat-?e In ~rderst~idlng the cra~t:zes, 
goals, and v:ew?o:?ts sf transit vanagers and In verlfjlt~ c;r 
Sellefs t3at t 3 ~  techilqdes we are deve;oping a r e  ap2l;zakle t o  
the ~roS?erts of bus reglacement facl?g trans:: propert~es, 



We fzuni t5at the recent experiments with litecytle costlns 
he;,s c;earld dsne m ~ z h  to damage the crediblllty of any 
for~ar5-:zcl:icg analytlc21 tezhn~qzes for solv~ng eqd:pmen= - - e ~ l a c e ~ e - , t  3ro>lers, However, these negztlve oplpl3ns ap?ear to 
b~ 6 r e s c t ~ ~ n  tc the szurtes cf data ln sdch analyses Cthe 
s ~ p ~ l ~ e r s :  - -+ ,=,her than the tecFn:ques themselves, 

As part of ocgzing researzh and as part of the wcrk 
undertz:~:en In t h ~ s  research groblem an al~crithrn which optimizes 
ths equlcrnent replacement decisie~, was developed. The metho53lag~ 
was 5evelcped in general Ccr any equipment re~la=oment ?raSlerc, 
The methzdolzz= zses concepts cf dynanic prsgrammina ani lnfinit~ 
h o r i z o n  C1.e. Long and indefinite time frame) optimization. The 
potential effezts of future zhanges in bus design and cost are 
included in the bus replacement decision making, 

A technical paper summarizing this methodology was submitted 
t and  ill agpear In The Ejaineeiing Economi~&, 

Computer Software 

The camputer program code 15 che flrst verslon of a campbter 
pragram wl-lch 1s ;nrendeZ to help translt agencles In thelr 
equlpment rezlacernent dec~sions. It 1s an aupllcation of the 
genera? a~tlna: eq,:ome?t stratead algarlthm whlch was described 
In the ;redlo,= sectlon. ReffSers of the research team acquired 
eez2 a ~ d  1nf3rrnzt;on abaut the :=sues :wo?ved In equlpment 
purc3aser fram the Qnn Arbor Transportation Authorltg and worked 
these irto thelr general eq~lpment replacement algorlthrn, 

Thus, the computer program is a specific application of the 
theoretical 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 
BASIC language, The program is still in its prototy~e state and 
1s nzt ge: ~ser-fri~n<lg, Wsri: IS expected to continue and it is 
artitlpate5 that the program wilL be comgleted during the secand 
year OF funding, 

Vehicle Assignment and Operator Scheduling - filgorithrn and Program 
Operational planning of translt servlce requlres the 

determination of routes, frequency of servlce along routes, 
asslgnrnent of ve??lc:es, and operatcr schedul~ng. Each agery 
tiles to optlmlze this procedure s ~ c h  that a desirable level of 
servlce 1s malntalned and the costs are m~nlmlzed. Thls 1s a 
large scale systems pr=b?em and 1s qdlte forrnlda5ls 17 t5e g e ~ ~ r a l  
CBSE, 

The dlscusslms wlth 99n Arbor Tra?sportatre~ Qdthcrlty lei 
to thelr partlclpat~or in Industrial and Dperatlzns Eqglqeerlng 
623, "r1athernat:zal Mcdel:na of iarae Scale Sdster~." I 7  tk,ls 
cairse graduate stude~ts Secarns fa~lllar wlt"ech?iczl ~r9Slems 



Fati~s 9GTA 2nd currently avaLlable software for solving then. The 
sto2e~ts worke2 with ARTA personnel to address one of these 
?rzLlens by developing an algorithc for optirnm vehrzle zssign~ent 

T ~ E  fleet of vehicles, rodzes, arid frequexy cf serL3;ce we== 
A ,cl:e~ _ as 6 1 ~ ~ 7  and the opt1rn;zatlov of the vehlcle asslgnme~t and 
drlver sched2l:ng war formulated as a llnear programrri;ng zrokler. 
T ,he routes were assianed fcr shortest alleaae rncludlng rn:rlrrz:?g 
dea5 ?eadl-,~, The o~erator ~ c h e d d 1 ~ 7 ~  17cern3rates rellef Elme, 
P - - r ~ e t i o ~  cf shifts, and nrnlrnlzes t9e number cf trl~pers - -. 
(part-t;~e drivers cr overtime!. At: the end of the al~~r;t5r, 
work sched"les fcr a l l  regular operators are be generated. Sased 
on their seq~crlty the cperatcrs could t5er 5 1 ~  for the sched~le 
af the:r choice, The "trippers" remaining In the flnal sclutlon 
wool6 be asslgned tc part-time operators, 

It IS ~nL;kely that tkls model would generare t b ~  cat:rnal 
assianment and operator schedule In the f ~ r s t  pass, There are 
undoubtedly latent constraints better k n o w  to the scheduler. 
Furtherinore, s ~ m e  of the ccnstralnts Sullt Into the model mlght :r 
rezllty be soft and permit rnarg~nal violation in practice, The 
model ~tself 1s seer as a tool whlch the translt agt5cr:zy c3,1d 
use I n  an 1nterazt;ve enx~ironment where the scheduler's experience 
could auqme~t t h ~  cornp3tnr optlmlzat.;sn. 

This projeEt led tz a fins1 report which was forwarded tc 
GG1A and ts OMTA for review and comment, 

Future Funding 

In order to run a credlble reselarch effcrt on problems of 
thls type we bell eve^ that fundlng In addltlon to UMTA monies was 
necessary. Gs a result, a good deal of our efforts dur~na 
1983-1389 were a:med at developing t.hls additional fundi~g. We 
have bee7 verb successful to date. I S M  has awarded us a grant zf 
55@,003 to study s:rr:!ar problem. Further, the National Science 
Foundatlon has awarded Professor Jack Lohmam $62,500 whlch ulll 
Se used to a great extent on thls project. 

Combined with the 330,000 budget groposed for the setond year 
OE this UMTG grant, we now have a s~~bstantial research effort in 
this ar=a, We believe this combined funding will enhance our work 
on t3e bus replacement problem dae to economies of scale in the 
research effort. 



5 ,  ANALYSIS OXBUS MAINTENANCE D9TA 

Introduction 

In seri71~2 the c~tl;c saf~ld and s3mfertaki= traisrr 
prc?ertles m s t  malntaln the c o ~ d l t l c ~  of thelr fleet. Provldlng 
such nalntenance efflclentlg 2s a c~ntlnulng challenge. Pn 
understand;ng of how the varlous component systems of vehlcles 
perfsrm 'as measured by fallure rates, re?lacement czsts, lost 
ser\.lce tlme, etz.! 1s useful tc maqagenent 11, dlrectlng an 
efflc~ent s3erat:s-. 

Ever in a small property, csllect;ng daca on and analyzing 
such malntenance details manually has Seen a tedlous and labcrious 
procedure. Consequently, it has seldom been done in a complete or 
satisfactory manner, The zvailability of computers and 
development of more sophisticated record-keeping softuare hss made 
it practlzal to maintain more detailed records, 

One part af the University of Michigan's UNTA-sponsored 
research program is directed toward the development of 
instrumentation tc perrnlt early detection of bus co~ponent and 
subsystem Failures. The expectation is that such detection will 
lead ta fewer breakd~wns, road calls, and service interruptizns. 
In ccnnestio? ulth that development, we htve acqulred 2 set cf 
ccmputerize~ rnalntenance informatlon whlch provides estimates cf 
currerr breaktow? frequency. The Ann R r b ~ r  Transportztlon 
Authority (4ATA; computerized most sf its maintenance records 
beglnnlng in October 1382. The computer package used by AATA, the 
Uehicle Serv~ce Account or U,I.S,A., was ariginal?y obtained from 
Des Voines, Iowz. Shortcomings of this data system, for our 
purposes, include the absence of road call informati~n and the 
program's inability to accurately cumulate data from year to year, 
Houe~~er, as a means of familiarizing our data and researck 
analysts wlth malntenance data File building and filtering, it was 
declded to use the GATA informatlon to deterr,ine repair frequensg 
of n e j z r  bus system covponents for the AATA, 

In the Following sections, some of the results of our 
analysis are presented, While some further analysis will be 
necessary, these results wlll be used when we test the 
lnstrurnentatlon for detecting lnclpient malntenance proklems in 
our future research program. We have also obtained a larger data 
set from Seattle Metro, We expect to use that in addition to the 
AATA dzca in the development of the preventative maintenznze game 
darlna future Center activities, Uhile the resslts repzrted here 
are of linite5 use in themselves, they will be useful in future 
comparlssns, 

AATA Fleet Data 

The AATA fleet conslsts of E? operating vehlcles, Y 9  coaches 
x:zh se~t:ng capacity ranging from 33 to 53 persons and 15 vans, 
each w ~ t h  a capaclty for 12 people, The average age of ve5lcles 



in t h e  fleet &as 5 . 3  years as of De::ember 1933, Thirty-seven cf 
the 4GTA coach vel-,irles were manufactured bg GVC and tw~lve by 
Grunrnarl!'F?:~:i51e. The fifteen vans isre prciduced Sg Dodge and - ~hevrziet . 

T ~ E  G A T R  vehicle rnaintsnanzs files recorded under a wzrk: 
z r i ~ r  fcrmat incl~de odameter reading, problem part number and 
name, vehicle age, sgstem repair, and operating cost data fcc 
C -e?iacernent parts and maintenance labor. Using these datz, t h e  
frequz~cy of re~eir of mjor componert systems were deterrlned fzr 
~>r?iclzs class~fied b y  vehicle use and by manufacturer, 

We RZW cresex an ana:ysls of the freqaeqzz of the czrngonert 
s~sten - re~alrs fzr the entire 9ATA Fleet for 19S3, The f l v e  
com~o-te~t sjstems repalred most frequently withln the fleet, in 
dezreasl~g frequenzg order are: (11 electrical, ( 2 %  brake, (31 
engine, (91 body reyalr, and (51  transmlssicn, Work on these five 
sgste~s constitute more than 70 percent of the work orders the 
RGTF garage carrpleted In 1983. 7abJ.e 2 presents the average 

Table i2 

Mean Y;les between Repalr CMERI and Average Nu~ber 
- E  I WIkk I-- 3reers Per Year CldP:'! 5~ Sgster Re?e:red 

VehirLe Co::pzne~t'System 
Vehicle 
T Y  FE Electrical Brake Engine Body Repair Trans 

Work 
orders 

Coach 
U E R  
WPY 

n u ~ b e r  of rnlles between repalis ( R B R I  and the average n~rnber of 
~ i s ~ t s  for t h ~  these repeir systems, along wlth t h e  number of work 
orders recsrdeC for each of the top ra?k~ng ccmpmevts, 

-r -he fcllm17g sect~cqs exam;ne the freque~zg c7; cgst of 

S L S ~ D V  - reza:~ l j d  ~~eF,;rlo ?z~- fac t - r eg r  ar , l  5.'~!-l=l~ C,bpe. ?JE 130L: 
,re:-:= at =cae3 ,'ek~cles r,e?~Fazt~red 5, 5e~eral ?-+?- V - d -  s t ~ d  the 
D z ~ ~ E  L.EPS. 

GVC Coach Data 

There are three age groups 3F OXC vehicles used i r  ds:ig 



service. The t w z  largest groups 1n active service are the elever 
12"? and t h e e  1 9 7  EGM !New LCD): rcodels, Fcurteen vehicles are 
1991 GMC advanced design buses. The average ncmher of repair 
cr2ers bg ==step war deternlned for each group along with t3e 
average nunber cf -,:les driver between repairs. An Il-incrt?, 
cdr-lat~~,?e c c s t  Zstzl for replacement parts and Labcr ts kee? a 
given system operational uas also obtained. Next, a ccst--=-- *-- rile 
':LPP1! total fsr p ~ r t s  and lebor for each component was develcped, 
Finallb, the most frequently replaced parts are listed, Yhese 
:,elaes are presentel in Tables 3 and 9 ,  wlth the re~larenent psrts 

Table 3 

Summary Repair Statistics: 
197'4 GUC Coaches in AATA Fleet 

Avg , 
Cornpcnent Uislts 

Cll m 3 , l  

Electr~cal B . 6  
Erakes 13.3 
Inspections 5 .C  
3333 Re~s:r 3.3 
Transm;ssion 5.1 

Electr~cal 
Brake 
inspections 
Ecc'ly Reptlr 
-r,--m 
- G I  ST155-f3 

Qvg. M i .  Avg, Cost per ~ i l e  
Between 
Eepalrs Parts LaS3r 

Table 9 

Summary Repalr Statistics 
1981 GMC Coaches In Q9TA Fleet 

RVS , 
Visits 

(11 no, 1; 

Avg, R i ,  Rvg. Cost per mlle 
Eetween 
Rep- 01rs Parts Labor 

1 C - i surnmarlz=5 1- Tak-5 2 .  cz- be r e s n  tkat Srei:e re7a:rs =- Z > E  
- i =Ifer csaches scccr ~ ; z ?  mcre freq~e-=,, &hzr 37 tLe trz?~ S ~ s s e s ,  

The "ER fsr e?slne a?d bad9 repairs on :3e n m  busses a r e  rn;c?~ 
Less. 



Table 5 

Most Frequent Rzplacement Farts for GMC Coaches: AATA (19833 

Part 

Flasher :SFESaj 
Sez lc2  Seam -253C1 
5 = 2 1 ~ d  5 ~ a , r  '"5521 
Power S u ~ ~ l b  24U 
P e l a d  C59%:9B1 
Llght Scsket i83077C12 

Erake 

Q t y  , Pert 

Dessicant Filter 75 
Frgnt/rear brakes 53 
211 S ~ e i  :20199377 5 1 
Seal Assembly '20103551 5C 
Spring C23777121 3 6 
Roller C2356111 3 2 

F .  rn~lne Body Repair 

Gasket ( 5  139250 1 
FUEL TaSe (51253361 
W a t ~ r  ?urn= (51018021 

Gasket (6775C2! 

19 Fisheye Mirror (E3753 2 2 
I c; -- Mirror Rssembly 13 
11 

Dodge Wan Analysis 

The Dodge 12-passenger dial-a-ride van fleet contains two 
vehicle age groups, five from ?9?5 end eight from 1981, Tables 6 
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 Ei 

Summary Repair Statistics: 
1975 Dodge Uans in A R I A  Fleet 

Avg , 
Cornpsnent Visits 

(11 mc.1 

- E l e z t r : = e l  -.+a E 

Ersker 1 .' - - ?e En,, 2 , s  
Ec?, Pesz:r L P , -  c 
-r-- 
& L  c1tSW1Sf 13n - 

Avg. Pi. Avg. Cost per m ~ l e  
Between 
Repairs Parts Labor 



Table 7 

Suanarg Reparr Statrstlcs: 
19E1 335ge U a ~ s  In QGTP Fleet 

Elo=tr;cal 
Brake.; 
En~lne 
Bodg Re?air 
Transrnlssl~n 

Q v g .  Ill. 
Between 
Repairs 

Work Order Frequency by System 

An analysis of wzrk order frequency For both coac3es and vans 
was made using a two-way cross tabulatl~n 3f manufacturer vs, 

omair conp~nent rWp type. TaLle 8 presents the total number cf work 
orders by component for each manufacturer, The analysis was 
carried cut tc determine whether the relative am~unt of relzirs 
rec,ulred f ~ r  a ?srt:cvLer component d:ffered b t !  s vehicle type snd 
make. 

Exarnlrlng TakLe E,  and focusing first zn the coach 
manufacturers, there are major differences in repair frequencies 
by system. Particularly large differences in relative electrical 
and transrnisslon repairs can be seen, For vans, the differences 
between the two makes is nct great. Looking at vehlcle type, 
electrical repairs are needed more often in the vans than on the 
coaches in the fleet. 

Summary 

The lnformatlon shown above is part of a pllot study and IS 
of 1 lr~l ted value by ltself . However, we have shown that :t :s 
posslble to use cornputerlzed rnalntenance ~nformatio~ ta prodace 
data wblch wlll be useful :n future resezrch endeavors. we have 
also established the grodndwork to examlne other translc fleet 
malrtenaqce data bases. Such analyses wlll be used In developing 
opt~mal rnalntenance schedules uslng the lnstrurnentatlon ts det~ct 
~nclpient rnalnteqance problems described eiseuhere In thls repgrt. 
These data aqd others wlll alsc Se used ts 2erv~elzz a ; r z v e - t ~ t : ~ ~ . ~  
m~:rte-a-ce ge-e tz Se used as 2 trainl?~ t3c1 f2r trz-slt 
rnzl-tz~arce p ~ r s o ~ ~ e l .  



Vehicle Csmpcnent Re;>z:r Work: Crders 
b y  Ueh~rle T s ~ e  a n t  Yake 

Total 
bcrk 
Orders 

Ccaches Vans 
p 1-  Work 
Orders DODGE CHEV 

Expected 
Col': 

Electrical 
Expected 
Cc! :: 

Engine 

Bcdy Repair 
Expected 
Co!:; 



5. INSTRUMENTATION f0 DETECT BUS MAINTENANCf PRCJ3LEYS 

f _he Frlmarh p~rticlpant 17 this project was bi!l;arr B. 
Ribbens of t h e  Departrce~t c~f Electrical Engl~eerlng and Ccmp~ter 
Science, He IS 2lss t9e dlrector cf the Veh;=clar Elecrrc~lcs 
LaScratcrg . 

The objective cf th;r project 1s to develcg instrumentatlc- 
+ ,c detect 17c~plent fallures ~n certaln crltisal ccmpcnents of 
busses. P system for detecting lnclplent bds sgstew fallgres has 
k e e  relztively ecpenslve In the past compered u;th costs of 
prc~-;d:n~ grzund-2ased trsns~ottatio7, !-!awe.~er, the commercie: 
eva;latll:ty cf relet~vely 13u ezst sensors and rlcre3rozessor- 
based electronics raises the possibility cf applying this failure 
detertion concept to bus fleets. 

During the first year's efforts In thls ~rojest, the effcrts 
were eirected toward develcplng the actual instrumentation and 
demc~stratl~g that it can detect degredat~or 19 a? engine's 
performanse, T5e instrunentttlon was ~nstalled cr a UW dlesel- 
powered actomoblle and tested In laboratory and street coqdltians. 
The tests shows5 that simulated degredation of one zyll~der's 
performance was easily detectable, even when operating the test 
car 27 r w g h ,  e~bblesto~e streets, A technical repcrt descrlblng 
these tests in available, 

The next stage I n  the ~roject is to test the ~nstrumentation 
on busses in revenue servlce. In addition to demonstrating t . h ~  
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 optimal 
maintenance strategies based on information collected through the 
~nstrumentation. 

Ilescri~tion OF the Instrumentation 

The syste~ under development In thls project d;ffers 
sigqlflcantly from exlstlng fleet maintenance alas or automatic 
dlagnostlc ~nstrumentation. In the latter case, computer-alded 
testi?g 1s p~rfcrmed tc identify the existl~a status of lndivldual 
conucnentc i~ an attemct to detect existing fallures. Such tests 
ere qcrnall, performed at test statlons and the monltorlng results 
In a sarcple of the system's status at the t;me measurements are 
ma=ie, 

In 1?,&-;.2-;.gc-s., fail~;re detectim, the vehlsle's overall 

- 
uhf -F - .  , D m  -- -=-;--?,.- ,,, . ,, , ,=TZE 5e~r=i~t;=7 1s CIJ~?:e=tei, B- ~ - - b - - - ~  

- r C -  d 

iiaa~=s::= r2,t:ce taF be callet ;;SF tc iszltte t b ~  cegraled 
cor;=7e7ts. Q~3rs7r:ate barni7g messages, =all:ng fsr s;er:f:z 
nz:rte~t7c~ t z t l ~ ~ ,  sap S s  e~szla,ez? o r  stsred. 



Thls ~roject :s curreztl~ - dlrerted toward monltorln~ e7~:-e 
c~tzdt ?ewer, P s:rn~le, Lxxpenslve, no7-contact~ng seqsor f ~ r  
t o r ~ u ~  rncts~re~e-t IS r3u availatle. E:;:~E zutz~t Fzwer c2- be 
=Stained s:rn;lb 5~ m,ltlpld:ng the kerq~e b y  crsnks3aft a7gular 
speel. T h i s  sgesl tmezsurement ca? be obtained frzm the sane 
se-ssr dsel to rneasdre torq~e. 'h~s, e slrn~le and ~ne;:~e~slve 
senscr ex:sts fsr continuously rnsnltoring engi3e perfcr~t7ce~ ?his  
senszr, r~ conjcnct~on w:th a simpLe computer algorlthrn, can 
essertizlld ~nstantzneousl~ detect degredat~c? rn englne torq~e' 
"pl v d ~ ~ r .  

97 i-zcrtant en;lqe performance varlatle 1s t ~ r z , ~ e  -c-- 
r 7 F - r m  t , , C;t33da> enslne t c r q ~ ~ ?  1s rnherentLy ~cn-~-lf3rm, 

excessive ~o--u~,:f3rmity is a direzt lndlcaticn of eqglFe 
performance degredatlon, For example, a diesel engine hsvrng one 
partrally m a l f u ~ c t ~ o n ~ n g  fuel in.ject.nr has a larger varlatlon In 
c;linder-to-cylinder torque productl.on thsn for a normal enalne, 
The rna1funct;zn can be caus~d by wear, dlrt In the 1njectcr nszz'e 
assembly, incorrect pressures and manb other nun-catastrophic 
fall~res. Detertrng these fallures early can prevert nhjzr damage -- ,4 23 enslne and save on maintenance costs. 

Thls method a? mznitorl~g tarque nm-unlfor~ltg can isclate 
an :-cliv~dual nalf~nction~ng cylinder and :ssJe an alaric to 

-F. 7 ~ d e n t l f ~  it. ..,-s ~nformatlor is useful for preventive 
na~nteqance a35 za- slgq~flcantl~ shcrte~ dla~nostic t;me and 
repzlr t ~ ~ o ,  Eve7 when nc rnz;or Sreakdoun is averted, '>is sgster 
ca-I LnprcvE rna;rtenan=e efflclevcy, 

Experimental Findings 

Results during the first year elre reported in more detail 
elsewhere, but a brief synopsis will be given here, Experimental 
measurements were made of the ncn-uniformity metric for a f o ~ r  
cylinder 1.5 liter UW diesel engine. Separate sets of 
measurements were made with the engine in a test cell and ir a 
veklcls dr:;"?ey zn d~fferent klnds of streets, 

Test cell measurements were made with the engine driving a 
utter brake load through an elastic link coupling, The 
experiments were made running the er:Eine at a variety of 
ccnditions ==nsisting cf various RPM and torque loads. In one set 
of measurements, the englne was operated with one fuel injector 
disconnectel in order to achieve a t:ondition of extreme torque 
non-unifor~ity. Comparing the non-urlforrnity metric for n~rmal and 
three cyLln9er zperatisn reveai~d verb strong differences 
inde7endent of RPM and Load. 

Al6:t:ocel tesrc were made  us:^^ the sare tape of E-gi~e 1- E 

,, D - G - dk Passet, ,:;\ a f: , -~eec! rnarjz: traFs,T,;ssizr a7d frc-t a h e ~ l  - dr:r~~. .$? =aT= se-sor was used a ~ d  eats were recorded f ~ r  
z-- iGlgs:s :2e~t:~al ts :Sat useZ ic rye test s t a ~ d  e.~per;nents, 
Streot op=?at:3: intrcd~ces random variatl3ns 17 the 6f;.vT~1:?~ 

-r =-~dLar soeeP. ,hss= rtnzap var;atlnns are adfed t3 t h ~  tsrqae 
no?-cn;fcrn:tg prscbzed Sd the engine itself. These tests were 



co~ducted to see lf englne degredat~on could be detected even LC 
t h e  arese-ze c? "nclse" prodd=ed I n  actual dr;vlq s~tuatizns, 

Tests were co~ddctec cn a narmzl road, an expresswag and zn 
ELL ==fklestsie S ~ T E E Z ,  The LaLter test prcd~ced a9 extreme case 
cf rsaS-lnddced cras~shaft sueed no~-unlfcrn:t~. The street 
zzerzt~z-. eroeclzll, 37 the c3bklestcne street, 5id pr3dzze a 
greater dejree cf nun-unlform;zd than test cell measure~e-zs. 
Ha~eser. kith cne rylinder 5~scsnnecter2, the add:t;onal non- 
unlf3rrr:tj IS etslly detectatle, even for the nost extreme street 
C - o i  - C ,  ~9 
"Y  &..-A- 1s 1 

Summary 

First year results show that a relatively inexpensive sensor 
can be insttlled in production engines with minimal modification, 
Moreover, with relatively inexpensive electronic slgnal - 

processing, the sensor produces information which can detect 
degredation in engine performance, even under extreme street 

Experiments wlth a UW dlesel englne are promising enough to 
plan to test the lnstrumentatlon In dlese? busses ln revenue 
servlce. The next stage In the project 1s to develop statistics 
that relate measurements of  no^-unlformlty to englne fallures and 
to use these statlstlcs to lmprme maintenance scheddllng. The 
final okject~;)e of the studd will be to evaluate the ~mprovemeqts 
In ma~nteia7ce efficle~cd that car be obtalned t h r x ~ h  the use of 
chis ~nstrumentatlon. 





for these data. h e  !:179 1s the generation of rieb var~akles  fro^ 
e.>:~st:ns r~ar~a51es fcr each cf the trapsit prcpertles, en anel,st 
mlght be 1-tereste2 L i -  knowlnz, for ej:amgle, the ~ ~ n k e r  of fatal 
a c c ~ d e ~ t s  per zztal vel-lcls clles, a quantlty read~l; cals~ltted 
F.--- , , d , i  data rezsrtet 5 ,  the ~rogert;es, ,!-IF zther k1ri1 ;-~:~;~~~es 
czm3arlsen cf varlads operet~7g data acrsss prcpertles, either of 
dlrectlj-reported daza or of derlved variables, 

F3r elther cf these appllcat:ors, it is necessarb t3 hzve all 
of the data for 21: cf the tra~slt properties :r a s~qzle dzzasez. 
9cccrd:~~1,, K J ~ ?  zf the effort tc date has bee7 directed to 
ma-:;~lat;ng t!?e 2ats s ~ ~ p l e d  5~ ?SC 1723 a r!f9S latzset s-~takle 
f ~ r  sdbsequsnt aqzldsls. 4s ~ 3 t e d  earller, the fozus here 1s on 
the operational asaects of translt system performanse, sc the eats 
cantal~ed In the "YOG"  serles of Sectlsn 15 reportlng fsrms have 
beep ccnS17ed into a s ~ ~ g l e  flle. fi rectang~lat file stractdre 
has been emploged, whereln each UIDRS "case" contalns all of the 
data for one reportlnz system. The result 1s that there are as 
many cases 2s there are repxtlng propert~es, 319 for the third 
repcrtrng dear used here, 

The contercs of the flle are dessr~bed in the next sectLon, 
The M!34S datesot varlables are glvsn together wlth the:r 
reletlc7s5;p ta the Sectlon 15 data forms and the documentatlsn 
prov~ded ulth the TSC data tages. 

Contents of MIDAS Dataset 

The str~cture cf the MIDAS ~ataset and ~ t s  relatic-shl~ ts 
the SectLon 15 repcrclng forms are most easlly u ~ d e r s t o ~ 2  by 
referring to Appendixes A and E. A~pendlx A presents the 
applicable reportlng forms of the "900" serles along w:th Form No, 
001, TRANSIT SYSTEM IDENTIFICATION SCHEDULE. The M I G A S  vail~ble 
numbers are noted dlrectly on the forms, and the variable ?umbers 
of derlved varlables closely related to the directly-reported data 
;zerns are alsz given, 

The table of Appendix B gives further lnformatlon about the 
dataset, Data ln the flrst three columns--the number, name, and 
number of levels of the MIDAS variables--are taken directly from 
the output of a MIDAS "DISPLAY INTERNAL FILE" command. Column 9 
repeats the a2~llcable fzrm numbers, and Column 5 llsts the 
Tra~sportatlon Sgstems Zenter tape file number from which the 
numerical data were taken. This.number, together 
LJ!:: - 3etailed File Descri +l-psn ' I.,~.-P.C aocum=Ttation 
iLli ,- l i  permit a comFLete reference to the original 

with 
provi 
data 

the "Table 
ded by TSC, 

The K T 3 c i S  \par:tkle names are ,-ep~rall~ a repileatlor, or ;:ar:at~=- 
=f t5e TSC [*ar;eS:p rianes es well, 

Severe: ?er::?ot :ar;abler ag;ear >kr3~2k~,z t?e file t"~: z r ~  
-I-= 7 - -  s " a  i T5ese are c s r ~ 3 ~ 1 -  - ise= '-sre 

b e r a ~ s e  a r ~ r k ~ r  =? t3s sr191n2l var~akles were r=co;vei :- alsha 
, ,, L 

i E * t , "  i- t'7e TSC dozune-tatl~n' f z r l i .  Those d 3  70: lend 
therselves ts a~algs;s 1- rq13FS, sz t5e:r zrdlqal fu-tztlz- ,tr 
2er~vel. T ~ L S  1s 51~;1= a ~urner~c rark:?g of the z l ~ h s  var:a=?es 



:T t!-e:r q z r r a ?  c z i l a t l n ~  s e q u e T c e ,  T h d s ,  F a r  e;;am:le, t h e  f o u r  
r e ~ z r t l ~ g  l e v e l s  'L'ar:a'sle 5 '  R ,  A ,  E, a n 5  C have c r i l ~ a l  ~ ~ z l ~ e c  
-C -. u ., - ,  2 ,  a75 3 ,  r e s p e r t l v e l j ,  As n o t e d ,  U e r i a S L e  5 a n d  i ts 
o r d l - a l  I L J a r ~ z k l e  E l  :le3t:fd t h e  r e ~ o r t : - ~  l e v o l  ~ s e d  k, eat? 
A- -rtTc:: p r o ~ e r t ~ ,  Of t h e  31s ~ r c p e r t l e s  17 t h e  f l l e ,  a  s l m p l e  
o ~ e - u a g  t a S ~ L a t l ~ n  s h o u s  t h a t  192 C5?'.1:.: r e ~ c r t  a t  t h ~  t h e  " E "  
l : r e ; k : r ~ P ;  1 ~ 3 i ~ ~ 1 .  The A l e ~ ) e l  showz; 2 3  r7.2:::, t h e  5 l e v e l  '10 
C12.Z:.:', 3-2 t h e  C L e v e l  '4, i23,2'.3, T w e r + ~ , - ~ .  ,, - -L'E c a s e s  ( 7 ,  Q..? 
shzu z z = ? s o l ; d z t l o ?  o f  twc o r  p o r e  s g s t e r n s  a s  :nd:cated by 
U s r ~ z k l e s  7 a n e  9. 

Mac, cf t 9 z  s y s t e m s  o z e r a t e  more t h a ~  o n e  m3de sf t r a m s : = ,  cf 
T - k  1 = = - r s ~ ,  ,=,,e E ,  ab t aa lne5  ' r z r  $ e r r u e d  U a r i a k l e  1 2 ,  p r e s e - t s  t h e  

17 2:ffere-t z o r n k : q a t ~ c n s  observer2  among t h e  3 ? 9  p r s 3 e r t l e s .  G ? 1  
Sdt l5 s=stems o p e r a t e  m o t z r  b c s s e s ,  a n d  ~t can b e  s e e n  t h z t  1BB 
of t h e s e  301 s y s t e m s  r e l y  s o l e l y  on  b d s s e s ,  A n o t h e r  36 s y s t e ~ s  
c p e r a t e  - r  t h e  d e m a ~ d  r e s p z q s e  mode a l o ~ g  w l t h  t h e  b d s  v z d e .  T h l s  
F a c t  ?rst; :des a d d l t l o q a l  l m p e t u s  t o  o u r  e a r l l e r  d e c ~ s i o n  t o  f o c u s  
o u r  e f f z r t s  c r  b d s - r ~ l a z e d  issues cf t T a F s l t  s p e r a 2 l o n s ,  

T a b l e  9 

R e ~ s r t l v p  V35e C o r n b l n a t ~ o n  a n d  Frequencies 

R c t o r  Rapid S t r e e t  l r c l l e y  Denan2 F e r r j  O t h e r  - F r e q .  t'ds Fa; l rCi- P-c EJS P e s p o ~ s e  b o a t  

L a t a  f r o v  F c r ~  5 0 1  ap ;ear  ;r t h e  "10C" se r ies  cf v s r : a S l e s ,  
- 3  F e r r  " 2  2 s t a  17  = h e  "20C"  SET;^^, z r d  sc o m .  TJO e:t .=e3t:3rs LL-, 

-r be ycrsc;', -hi3 f:rst : s  t5tt F = r r  ' i 35  CT!?Qli!CIf S\(STEb^ SE?ViCE 
SLJPPLIEZ. ~ t s . :  ~ e n s r s t ~ d  z v e r  10C v a r l a k l e s .  ~ , n S e r z i  F--- - - I - ,  '"" ~ d d  t z  
-7 - P - 

- - ,  - "IS -1;: cet  c r e a t ~  = C T ~ J S : C ~ ,  :n t h a t  F z r r  5C" d e a l s  3 - l g  
wit? rs:l ~ 2 6 2 s  tf trans::, a q d  t h u s  1s n z t  ; ? c l c S e $  i7 cdr 

t c,rre-t f : l e -Su: ld ln ;  effcrts. , h e  s e c c n d  e>:zep t : s r  1s that d a t a  
F r o r  Fsrrr 5C6 IREUENLJE VEI-!:CLE INUEhTORY SCHEDULE:) h a v e  n o t  je t  



LIGE- - - a d 3 ~ d  to ~ ? - I E  f ; l= ,  T h l ~  I,::: DE c3mpleteS dur:nj the seccnd 
=EST ~ h ~ r  C E T ~ E L T  LSSJES re:~t:ng tt k;g5 ~ i ~ ~ l n g - d t t t  rates on 
c e r t ~ : ~  cf the v a r l a k l e s  are resolved. 

F ~ t ~ y t i ~ l  Esers ~f these d t t ~ ,   other d e s ~ r ; ~ g  d l r e r t  access 
rhrcdc? MTS z r  cccles zf t h e  datt In harzi-c3pg cr tape forc, 
shz-lt c z n t a z t  Jtnes 2'22.y  C323-?E?-E5C5! zr i b l e  F;?klns 
C3;3-'63-32391 for f ~ r t h e r  ~nforrnatlon, 



7 .  THE ESSENTIQLS OF TRAFFIC ENGINEERING FUR TRANSIT MAF,dAEERS 

The t z - 2 ~ ~  ~ = ? d b ~ = e d  a + - - 9 3 1 7 -  r -  C C ~ J ~ S E  for I - z ~ ~ - ; E \ . ) E ~  trans; t 
ma-agers 5dr:~g the ueek of Se~ternber 3 - 2 5 ,  198% TTe csLrse das 
z c ~ c e r ~ e 2  ~ : t h  ~resent~ng traffic eViErneerl?g ;r;nc:cies of 
psrr:=~;~r :cterest to trans:: przperty cperators as LIE:: as a 
G o * - -  a m ;  . -t- * ,,,c;,l,, -,,,.3zdct13n to the USE of persona: computers 1- szch 
ap;licst:c?s. The course was presentee at UMTRI's burlding :n Ann 

Faculty and supporting Personel 

t a-t ! 1 ,,,,g involved in the course inclgded Mr. James 2'3a=, 
Acting 3irectcr of UMTRI, Dr. Donald E ,  Clevelanri, Professor of 
Civil Engineering and course manager, Dr, Lidia P. Kostyniuk, 
Associate Professor of Civil Engineering at Michigan State 
University, Dr. Cyrus Ulberg, Center program coordinator, Dr. 
Aaron Adiv, Assistant Professor of Urban Planning, Mr. Michael 
Sayers of the UETRI scientific staff, Mr, Gary Waissi, 3octoral 
Qr~licant :n Ci:?il Engineering and Professar Herbert S. Levinson 
of the University ~f Connecticut, 

Administrative and logistic assistance was provided by Ms. 
Michelle Barnes who prepared the course attendance certlflcates or 
the Marintnsh ?ersonal camputer an5 !"Ira Bruce Bertram of the UMTRI 
profess~onal staff. Demonstrations were also made Sy pr. Charles 
Ereer nf ??TP!. Sraphlc and photographlc services uere gro~lried 
by Ms, Kathleen Richards. Field trips were made with rhe 
so ope rat:^^ of Mr. Eduard Stoke1 of General Motors Coach (a vlslt 
to the manufactur~ng facllity for GM buses In Pontlac and a - 

discussion of bus maintenance issues), Mr. Rlzhard Simonetta Ca 
visit to the almost completed neu maintenance facility of the Ann 
RrSor fransportatlon Authoritgl and Mr, David MarDsnald of the - 

Southeastern Michigan Transportation Authority (a post-course tax 
of the dnwntcdn p~o?le-mover currently under cznstructlon in 
Detro:t!. 

Participants 

-? Sever stude?ts part~clpated In the co6rse. Lherd hers SIX 

2"TA Sect:c~ 1C grantees from four larger and m e  smaller translt 
proper the cities and 

Daluth, Minnesota CMs, Katherine Turnbull, Director of 
Trsnsportation Dev~lopmEnt, Arrawhead R e ~ i o ~ a l  
Develoune-t Commission1 



4tla~ta, Secrgla C M r ,  P . D .  Johnson. C!?:ef of 
Schedzllng, Metro2cl:tan Ptlaqta R a ~ l i  Transit 
Qj'thorlty! 

Seattle: Washingtor C M r ,  Charles KrrzFner: Ca~ital 
Prcjects tozrdi~azor, Municipzlity cf Mctrcpolitan 
S~attle] 

Leztsrer We~zh: W a q  cf 2ll:n lechrlczl il:lverslt, zf 
the PecpLes Repuhllc of Chlna and vlsit176 ~ranslt 
schclar at W T F I  alsc atten2ed che czurse, 

Course description and logistics 

The course began or Ponday, September 2 4 ,  1989, It had 
Seen antlclpzted that some of the attendees rnlght srrlve at 
Detrslt that morqlng but all had come in on the prevlous evening, 
a ~ d  accordingly, ~t became posslble to start the technical program 
early ~ i t F  av overvlew of the week and an lntrzductlon to 
rlcr3comp~ters and estimates of the:r 'future usage In trarslt 
properties, 

The group ate tggezher am! were all heuse5 I n  a nearby rnstel, 
Transport~tlon was profl:dee by the Urlvers~ty between the csurse 
headquarters, the motel, eatlng establishments, ant flelc! tr:? 
l o z e t ~ ~ n s .  Wlth the e x c e p t ~ m  of one ei>ez:ng, t h e  grodp cte CLA;G 
meals each da= ulth at least zne member of the senlor faczlt;. 
T!-ILS was fzund t3 be en exceilent way LO 3bta:n feedbaci: or t b e  
progress of the course and lqterssts of the stude~ts and t3 adapt 
later sessions to some of these needs. 

On Monday afternocn there was a demovstrati~n ~f a recentlk 
introduced spread sheet program by a local c~mputer outlet 
represe~tatlve as well as an lntrcduction to some specla1 uses of 
the Apple 2 and Uaclntcsh computers, The use of the TRS-80 as a 
data solleztlcn and ccrnplllng ald was also demonstrated wlthlr a 
street translt operat~cr fra~ework, ?he students were then given 
an assignment to go t3rough these vablcus pracedzres the~selves :n 
a h a ~ d s  3- mode avd w;th s ~ e  instructor for each student sr -+-, v -  uUP 
cf students whe? the2 preferred to wcrk tcgether. T3e asslgned 
problem took them through a simulated data set acqu:slt:on, 
complletlor, reduction and presentation sequence of steps. Roqday 
eisen17g there was a soclal reception at Dr. Cleveland's hcme. 

Dn Tuesday mor9;ng. Przfessor Levlnson gave Fls lectures cr 
traffic e9glneerlng actlcrs whlch could be made to improve street 
translt o?erat:ors. F c ~ ~ s L ; ? ~  lunch Prcfessnr Lev~nsoq led a 
~LSZJSS:~" 3f relevant ~ra-slt Issues :nvclr~rig trafflc 
engl-eerlna r-atters. Prcfesszrs Clel.lela?=! arid K~sz,~~LJ. t h e m  
SeszrlSed th9 Tq?M Clrz-sit Qztlo7 Perfzr~27ce p*!zdel! 
~ ~ C T C E B ~ Z L Z E T  ?rcgra~s -Jev=lc-=e at t>e Qn~~)e=c-- d e b %  -=  -- "4--h,a-- - - .  --c - - - 
the Clb3;l En~:i=er:ng de?srtm=nt uricier ar -'Iv'TP ---- ,, c: t . These 
proara~s czlculate opt~ral s:g?al tlm:-g =z-~:d=f;-~ a - -d  ""C 

pesse-sers as cf e ~ ~ a l  ~~zcrte-ce tc passe?ger car nc=dpqts, 
exFl3re the effests of b ~ s  preeTpr;g? systevs 2-6 cs?siSer Z ~ E  



effzcts of d~fferent bcs sts? s7aclngs zr tra?s;t sert::co art 
z~~rat:c?, C!thodgh tbe evening was free the stddeqts uere 
encsdragnd tc r ~ t c r 7  to the class area where ncrE tF2-! z-f 
zerssqal zcwzLter das a~~allaSLe for ezcb stude-t. Td7e ~ z r p ~ t e r s  
w!-,:cl- were a:a:lakle lqcluded =he 0;;plf  Tac1~tzsk, O C ~ I S  f - - '  - +- - -  

2 - 2  E 275 :E" PC e ~ d  191 PC XT, These 5ed b e e ~  made zve::zkle to 
t h ~  ~ z u r s e  or a Lza- bas;s kt: Ul'lTFII 2nd cther LJ-;T~ers~'3 L.J -?:zs. 
:t ~ a s  fsund nszessarj ts rent cc~puters s?e dad wken there das 
another -eee f c r  scme of t5e mac?;nes. 

U e Z ~ e s 9 a ~  nzr~l-g was devcted to ha~ds-a- ex?erie?se ~1:'- the 
TAP'^ az2els 5; t9e curse ~art:cl~a-rs. Er W~5nesda; afzer~=z-, 
there wzs a deser~ptlon and hands-c-7 laS3ratorg experleyce w:th 
se\?eral =ra?sl: programs developed elsewhere ard made a3vJe:lakle 

7- t5rou~3 ZYTR, ~ h ~ s  ~ncluded some rnalntenance managerne~t and 
transit de~aqd prcgrarns developed S y  Zr. Ulberg. Mr. Lua~ssl 
demonstrated the IcTrans program package frcm the Unlverslty of 
Florida. Wedvesda~ evenrng there was a vlslt t3 the Ann Prbor 
Transg3rtatron Adthnrlty's bus malntena~ce facllity :n the flnal 
stages cf constr~ctlcn. An lnformal evenlng was spent wrth 
representatives cf the Authority, 

On fhurdsay there was a visit t;o the GVC bus assembly plant 
in Pontiac, E dlszussicn of bus maintenance data and a group 
lunchecn ~ i t k  G M f  regresentatives at the Pontiac Silverdome 
restaurzrt, I n  t h ~  lzte afternom Mr. Sayers presented a 
descr~7ticn and dorncnstraticr, af t h e  2 Y I R :  Frsgrarn devel~pei fzr 
e -5e FHWA a5ich determines the amount zf 3ff-tracking sf a lerae 
VE ~ L C L E !  turni-,r at an intersectitir!, Cr! e::::ampLe csinp ap 

t l  -t Id,~;ed 5ds currently being marketed in the U , S .  was 
dercnstrated. Rn informal banquet was held Thursday evening. 

Dn Friday rncrning, there was 2 presentation of the 
neighborhood transportation system management game developed by 
Dr. Adiv for VETRD in Washington, D . C ,  under an UUTR grant, 
Fcllow~ng an evaluative discussion of the need far the t g p ~  eF 
raterial 7resente3,the =curse ended, Some participa~ts rnzde a 
s~cnszre2 vicit te t3e SEYTP peeale mziler Facilities uc9ec 
=onstructioz in D~troit. The students were asked t3 eval~ate the 
co~rse and ts p,acL;---- cilirote in a csntinuing cscperatlve effort to 
use ssftware ;=rc\.,;ded tc them b y  the Center and to prc~>ide 
feedback 33 their use zf this s=lftu~,re, 

Course materials 

Each st~cle-t wes pravlded with a ~et~3boc.1: LL;~?- handouts li~h:ck 
s,zpzrteZ ear3 lect~re 2 - 2  dencvstrztlz? and rnir:v:zel :?E qeed 
for tal.:rg nztes. I? a3d;t:on. t3e :Iarlc~s ~ ; d k l i c :  ds-2:- progrs-5 
,,'=T= 1 ~ 2 e  a : . = ~ : e k l ~  t,- t ? ~ :  c ; ~ ~ ~ ~ - - , c  1- ty= Fr,r- of ?:s!=tte.: s ~ d  
ct!-zr s=Ct,zr~ &,ZS : C Z - = ~  t~ theti- f c r  2- ;-i=t=r~:r~=e tlmg = = y ; ~ <  -- - - - A 7  - -  -,-. bk- 

c+ - - - - -  I .-, =t tLler ,~2,15 I=rcl.lci= a- E\*al~zt:z- 3? t.b~;r 
use'-l~ess tz t h e  Center. 

Ertensl-e dse has T S ~ E  zf draft ~ater;sls areparel kz  
P 7 Przfessers Le,-;-ser, ,,eve:and and Kzstgri:dl. fcr i i T T 0  iis 2 car: of 



E? ;ii21:~st~zr tc Se ecitltleS TRQFFIC ENGII\!EEEIIJE FCP PLIELIC 
TFQb:SP9!?f~T:CPJ. C=nne-,ts were scllc~ted f r m  the studsxs a-d 
se:,er~l ,sef~1 s,ggest:zns were reze:veS. Ps s result of thelr 
cormerts. ST= =f the ~ser-~cnnunltat;o~ as?e=ts =f t\e 19Pf* 
~ 3 i ~ 1 ~  JETE rei-sei f3r the IE '"  PC programs, 

Evaluation 

Formzl evaluation f ~ r m s  of the tspe reg~lar:,: 3 used at th= 
 JETS^^= ,sf M1zkigan uere made availaSle to eac5 student xith 
the request thzt thsy Se retirned tg the Center after arrivirz u at 
the:r 5zne stztl~n and reflection on and ciiscusslz? oF the value 
of t3e 7rggram w:th thelr manangernent. Early resgonses initiated 
a 7artic~:zr interest in the traffic eng~neering aspects of the 
course and a desire that the training in the general use of 
microzompdters be lessened, It was apparent that the 
institutional structure at some of these larger properties had 
already foreclosed the extensive individual use of gerssnal 
comguters by analysts, It is the belief of the Center staff that 
smaller prcpertles may be more flexible and find person21 computer 
trairing of more value. We found no indication that these 
e~?L3ys~r! ulth the:r clde vsriance In backgrou~d, were unprepared 
for the material presented to them in this course. 

Marketing 

This z3urse uas originally planned to be offerel in early ?a= 
' q R Y ,  P d ' S l i c ; t y ,  in t3e forr? of 2 leaflet had Seen grepared cf A,-. 

1~1th t 3 e  :ntention of a promaclonal mailing sh~rtly after Januaru 
, It was then learned that an additional apprnval at the state 
level would Se required and that there was particular urgency in 
processing applications for Section 10 grants. Accordingly, the 
APTA menbership list was culled for properties in the midwest and 
thzse lzrge enough to receive benefit from traffic engineering 
improvements In their service areas, The training officer in each 
of these prop~rties was contacted by telephone and the program 
described and questions answered, It is believed that this 
gerszne: z~ntact uas of particzlar value. Contact with possible 
course garticlpants was maintai~ed throughout the Spring and it is 
Sel:eved that the participation was greater than it would 
other~ise have been as a result of this effort. 

Conclusions 

Ce-ter staff belleves that the course was successful. ?he 
PP.-+ ,, k:n~:7~ :~terest of the partlclpants thro~ghout the week 
attested tz that. The feedbaci, rezs~ved In the 1lve;j a72 cfter 
=c-t:-b:-,z :nf3:~~1 :ntera=t:zT ddrina the orese?tat:zls bas of 

,, Ce-ter S Z T S ~ ~ ~ E , ,  parc:c-ler \.slde -- 



Appendix P - Annotated Sec t ion  15 Report ing Forms 
ten ?s. DL? 

--it -- C I C f i . . .  , n r ~ 5 .  ; SYtTEIJ; 1 ?;;if 1 Lh 1 Obi St:+E?$LE 
-- 7 

, h;r;~:f S V ~ E M  it. I 1 1 i 
\ :ISGAL Y E A S  ! ! 

J /  J / /  s CZDI/JAL(Y~/ .;ion:.- Y err - 
, . t enc f t  c y ~ t f ~  n z m :  

/z 

3 . . 
2 s ;  Name !!?st New e n c   nit;^? i s )  

L .  F i e ~ s e  c n e c k  t n c  f n s t r u c t i o n  manui i  under w:~ich you ;re ~ ? o r t f  n~ 
(see  ;ne P r ~ f z c ~  t~ :nc i:s:ruc:ion menual) - - y3- 

i ; 4 gecuirei  Menuil - y't = c@I~J.~.sL[~'T) 

- 
L' C .eve7 C Vc1un;ery Xznui: 

5. s l e e s e  i n d i c ~ ~ e  ;he n~de(s) w h i c h  yoc  e r e  repor t ing  yq= s;,Jt; LE &e Pddc~,  M ' c -  
y/o = DEP;~/AL(JFJ 

I 5 Deatnc l s ~ c n s t  

-- 
6 .  i i ~ 2 s f  inCjce:e l n ~  number 0' ?Evenu5 v e h i c l e s  ? ?  ycu: : ~ s e t ( ~ )  as o f  the  en? . . 

C: t h e  ; : : c i l  yEEr being re9cr;ec. 
i i 1 I 1 A R ~ i l  r z c i c  t rens i ;  crrs 1 ! I ' F \4:c-- ;,r :uses, t1a:r : J/7 



Fonn f C i  

TAANSIT SYSTEM S E V I C E  PE'IOD SCHEDULE 

3 d4 & - 
I 1  7, , I =:s;i! V 6 i '  Encec, + , Mooe J/Q l core ' 
o :  i i c )  Year b t 0 

, 
I I i I 

SUNDAY 

C2 I Time AM PEAK serv~ee be(rins 
1 

62 Tine Midday service k p n s  
I 
I 

OL i f ime.?M PEAK scrvlcc kyns 

Cf '~mt NICE: srrvtce 2grns 
I 

36 Time hjignt servlcr encs 

TOTAL HOURS 

07 AM Peek pertod 

02 ! PM Peak ~ e r i o c  

I 
; ; 1 EN'i: E E  CAY'-TOTAL H O U R S  



Form No. 4Gi 

REVENUE VESICLE MAiFU'TEPJANCE PESFORkiANCE 
AND ENERG" C3NSUMi?TION SZGEDULE 

- - 
I :anri: Syr::m 12 J / / / I /  1 r: Lwe! - 

J-' dl- & - - 
" S C Z ~  " ~ t '  E-otc I . VI ooc 

;ion:r; Dqv Y e u  
JZG/ C ~ C I  

L b 
I I 

LINE , 
N t .  

1 

ITEM 

For nerntn iwl  toiiure 
For c*er rersons 

; C3 -n- u I A i  ROADCALLS 

I 

CX f O T A L  U S O F ,  HOURS FOF: INSPECTION & MAINTENANCE 
I 

I NUMaE: OF LlCiif MAINTEXANCE FACILITIES 
I 

Sen*tne unocr 20Cl vtnicles 
Sewing 200-300 venicics 
Servin~ mcrre man 330 vcnicics 

-m- ,  t , , , mi LJCHT MAINTENANCE FACiLi ' i iES 

K i i o w r ~  nourt c? ~ r o ~ u l s i o n  power (000) 
;eJlons cf diesel fuel 
Caiions c f  gasoiine 
Cal!ons of LPG or LNG 
Galions o i  buniter + ~ c i  





Form No. 

TF,ANSIT S Y Z E M  EI;?PLOV'rE C3L'ST SC:-EDULE 

2 Jk - -  
1 1  / I (  

:!S::' Year  Enotc - - - 
,;;on:,? So e r r  

- 
L v t i  L 

I ; EMPLOYEE EQU I V A L L C 5  
L I N E  EMPLSY EE CL;SSiFlt;TIDN 
SC I OPERA7iNG U83R I 

I I C*P!fAL i ;BSf\  

I 

I I 1 
I 

n. 
u 

.t - . I ~ S ~ S S O F ~ Z ~ I C ~  Extrut~ve, L t ~ ~ e s t ~ ~ n i i  anc S u ~ e v l s e r y  Frrsonnc! ~~0~ 11- 
I I 

OE ! 25. Vtnicic Servtcin~ Ptnonnei 

I 
1 I 
: DE I 27. General Aamrnrs:arrcr, Execdtlvc, 

~roicss:ons~ znc 5upcrv1sor-y Personnrl 

I 
a C 22. Gtntrai Acmrnrr::s:roc ~u:oor; =ersannci A / /  i l l  AZZ 

1 I 

. . 7 0 ' ; ~ ~   TRANS;^ SYSIEM EMPLOYEES 1 i A LT 
i I  4'2 
I 

I 
i 



1'3 i / l  L% -- Js-c / 
- - I%C-  i / I  - .&c V e i :  E x e c  Mooe Coot 

L. 0 c Z'cm 0 C a 

NUMSER OF ACC:3EhTS CLASSIFIED AS: 

:--- , a,div, Sersc-r,~i Injury & P r o ~ c m  Damape 

E;taIiry & 'rtnenrl Injury 
= m i i ?  4 P:eoeq Damage 
iiniiry Only 
Penon;! ln iuw & Propep Damace 
; e n o n a ~  Injury Oniy 
Propem 3rnap Only 

TCTAL ACCIDENTS 

NUMBE= OF FAIAL!TIES CLASSIFIED AS: 

Fcocsvians 
On-Dun Em~loyets 
Otners 

I 

s NUMEE= OF 2ERSDNS 1NJURED CLASS1 F I E 9  AS: 

Revenue Vcnitie 0cr;san.s 
On-'jutv f z p ~ o y m  
 cine^ 



I +  ,; 
1.4 K!L,! 
$ 1  1 
I / I /  

I I 
-' 

I j / j  
IA! 0 1.1 2wi 
Ij 1 i 











T a b l e  6 :  I c o n t  inued! 
con tar,:^ of MIDAS D a t a s e t  

1 

i M I  MS UkR I ABLE I I I I 
I t l FOm I TSC I 
I t I IJar~le I Leu5 1 5  ! I k I F l L E P  1 
i 

I 571 I STATOTAL I 37 6 I I - - I - - I 
> d ~ l l  I StSJOP I# I 2394 I I 4 0 6 I 20 I 

I 602 1 STVMllAM I 142642 l l  SO6 I 3 0 I 
I ' 603 I STVHR I43  I 19019 1 1  406 I 311 I 
I 604 I ST1JRMIAM I 131:50 I I 406 I 30 I 
I 605 I STLJRHIACII I 17487 I l 406 I 3 0 i 
I 604 ' I  SRCMIIAM I 9495027 1 1  $00 I 3 tl I 
1 d07 I CUPTR )AY 1 1870845 I I 406 I 3 0 I 
i 606 I CUPMI IAL*: I 3920877 1 1  406 ! 35 I 
1 605' I CkTPTIAm 1 I 1  406 I 2: [ I  I 
1 610 I PSVOF lkM I I I 406  I 30 I  
i 61 1 I PSVDP IAY I 1 1  406 I 3 0 I 

61 5 1 PRUMPICLF? i \ I  400 I 3 0 ! 
I 613 I PTSAG IAM, I I 1  406 I 3 0 I 
I 1 3 4  i PRIPP ) A 3  I I 1  406' 1 3 D ! 
I 615 I P%G? IAM I l I 406  1 3 0 I 
1 616 I PTSPR IAY I I I 406 I  30 I 
I 6!7 I SP4'JOPIMI I 3390 1 1  406  I  3 0 I 
I 616 I STVMI I M I  I 142642 I I 40 6 I 3 13 I 
I 619 I STUHR 1MI I 19019 I I 406  I 3 0 I 
1 620 i STVRPlIM1 I 131 150 I I 406 I 30 1 
1 621 I STVRH lMI I 17487 I I 404  t 30 I 
I 622 1 SRCM! IM! I ?49503? / I  40 6 I 30 

I I 

I 
I 623 I CUFSTR IMI  I 1 B70b45 I 1 406 I 3 G I 
1 624 1 CUPNI IMI I 3920 977 ! I 406 I 3 0 I 
I 625 I CATPTIMI 1 I I 4 0 6 I 3 0 I 
I 626 I PStJOf lMI I I I  406 I 3 0 I 
I 627 I PSUOP l M l  I I  I 406 I 3 0 i 
i 626 I PRVMP l M I  I I t 4 0 6  I 30 I 
1 629 I PTMiG I M I  I I I 406 I 3 0 I 
1 630 I PRIDP I!YI I I I 406 I 3 C I 
1 631 I PMIGT lM1 I  1 1  406 I 30 I 
I t 3 2  I  PTSPRIMI I 1 1  406 I 3 0 I 
1 633 I SNLIOPIPPI 1 3396 I I 406 1 3 0 I 
1 634 I STUtIIIF'M I 142442 I 1  406 I 30 I 
I 435 I STUHR IRI i 1901P 1 I 406  I 3 [I I 
I 636 1 STVRM IPM I !31150 I I 460 I 30 I 
I c 37 I ST~JRH I F'Y I 1'467 1 1  &oS5  \ 30 I 
I &3f I SRCXi  IPK I 74350 37 I I $0 6 I 30 

2 3 C 8  
I 

U. .. i CI!'Ti:Ii+l I 1 E70bS5 I I 456 1 30 I 
I P4P I C.U?MJi?M I 372087' i I 406 i 3 Cj I  

1 C:ATPf i PPI I i I C(i6 I 30 i 64 i i 

I tri 1 FSVOF IPM I I !  4 [I 6 i 5 0 I 
I 61; :. I PSUDP lW I I I  406 1 st! I , 
I 644 ; PR~MPIPM I I i 406 I - 2 p I 





T a b i e  G1 (coni inued! 
Con ten t s  of R I M S  Dataset 

. . 
! M!MS VARIABLE I I I I 
i I I FOP? 1 TSC I 
I P I 14 an1 e I Leve 1 5  I i li I F ! L E *  I 

1 I 1 :  
I , t  

I 69c I SCSM! IS& I 24522 i I 4Pc I 2 P I 
I 691 I CUPTR 1 %  I 3965-75 i I 4Cra I 2 5 I 
I 692 I CUPMIISA I 9703685 1 1  406 1 C 3 9 .. I I 

I 693 I CATPTISA I I I 406 I 2 9 I 
I 694 I PSL'OF I !% I i ! 406 I 2 9 I 
I 695 I PSVOFj 1 %  I i I 406 I 2 9 ! 

I 696 I PR1JPIPI% I I I 40.0 I + .  C' 9 I 
I L P f  1 PTSAGISA I i i 406 I 29 I 
I 698 I P R l O p l S A  I I1 406 i 2P I 
I C'tc I PSAGTISA I I ! 466 I - 3 9 .. I 
i 700 I PTSPRIS4 I I1 406 I 2 9 I 

I , 70 1 I St;FdtJDPlSLl I 335'6 1 1  406 I - 50  .. 

1 702 I STVtJll lSLl I 344683 1 1  406 I 2 4 j 

i 7 0 3  I STVHk lSU I 43792 I I 406 I - 7 o .. ! 
i 704 I S T U W  ISU I 301 981 I I 406 I b 'i c .. i 
I 7C5 I STVRH l SLI I 40264 I I $0 6 1 - 39 . I 
I 706 I S R M J I S U  1 24400000 I I 406 I 29 i 
I 707  I SCSHRISU I 1425 1 1  406 1 - 'i o .. I 
1 708 i S C % l I S U  I 24522 I i 40 6 I 2 9 i 
i 70;  I CL~PTRISU I 3965775 1 1  406 I 2 4 ! 
1 710 I CUWiI  ISU I 9701685 I I 4Gb I 29 I 
1 7 1 1  I CATPTISU I I f 4 0 i I 29 1 
I 712 I PSILJOF I SLl 1 i i 4 0 6  I 2 9 I 
I 7 1 3  I psi'c!p I S ~ I  I I I 406 I 29 I 
1 7 1 4  I PRLYP ISU I i I 400 I 29 I 
1 715 I PTSUG IS11 I I I 406 I 2 9 I 
I 7 1  6 1 PRIOP ISLI i i 1 400 I 29 I 
1 717 1 PSUGTISU I I I 406 1 2 9 I 
I 718 I PTSPF; ISU i 1 1  406 1 2P I 


