
UM-HSRI -78-44-2 

APPLICABILITY OF DIGITAL DATA 

COMMUNICATION FEATURES IN PUBLIC 

TRANSIT SYSTEMS: TECHNOLOGY ASSESSMENT 

September; 1978 

TAPAN K. DATTA 
BRIAN L. BOWMAN 

MICHAEL J .  CYNECKI 

The opinions, findings , and concl usi>ons expressed in this document are 
those of the authors and not necessarily those of the Michigan Transpor- 
tation Research Program, The University of Michigan, and the Michigan 
State Highways Commission. 





Digital Data Comunication Features in Publ i c  
Transit Systems: Techno1 ogy Assessment 6. Per fwing  Organizatton codo 

Tuhnicol R .por t  Docul.cltatii  Pog. 

1. R . p n  No. 

UM-HSRI -78-44-2 

-- .. . - -. 
T. Datta, B .  Bowman and M .  Cynecki 
9. P w h i n p  Orpai  z d q n  N.H ~d Adbess 
Wayne State Un~versrty 

A survey was conducted of the s t a t e  of the a r t  of automatic vehicle 
monitoring (AVM) systems and the i r  use in pub1 ic  t r ans i t ,  taxi , and pol ice 
operations. The systems identified are appl icabl e to  improving operational 
efficiency and qua1 i ty  of service. The various system elements related t o  
AVM systems were reviewed. Those el ements i ncl uded vehicle 1 ocati on, 
vehicle identification, vehicle monitoring, computer schedul ing , computer 

2. &~e-i Acc.ss~on He. 

UM-HSRI -78-44-2 
10. Wort Unit No. (IRAIS) 

~Gar tmen t  of Civil Engineering 
667 Merrick 
Detroit, Michiqan 48202 
Mi C X ; ~ ?  ' ~ ; ? ~ ~ \ E ~ c o r n m i  s s i on 
State Highways Buil d i n g  
P.O.  BOX 30050 
Lansing, Michigan 48909 

/ dispatch, s i len t  alarms, security alarms, mechanical alarms, on-board I 

3. Rectv~rnt'r Ceiolmq No. 

4. Title rJ Subtitle 

I I. b n i t o a  or ~l~~ NO. 

'3. TIP. of RW 4 Penod Cwered 

Final Task Report 
14. bonsor~ng Agency Cede 

readout, real -time display, passenger counting , management reporting, and 
digital  data hardware. 

5. Rwort Dot. 

17. K q  Wwds 
1 

18. Dinkiburion $tot-t 

Automatic Vehicle Monitoring (AVM)  
Publ ic  Transit 
Mobile Comnunications 

I .  u p p l - t w  Notes 

Thi  s study was conducted for  the Michigan Transportation Research Program(MTRF 
Highways Safety Research Ins t i tu te ,  The University of Michigan, Ann Arbor, 
Michigan, 48109. MTRP i s  sponsored by the Michigan State Highway.Commission, 
1'6. Absnmt 

) 

I 
19. k r i *  CIessil. (ol *is m) 

I 

a. k ~ t y  Cleasif. (el 6 s  w) 21. No. oi P q w  12. Prtce 





CONTENTS 

11. 

111. 

IV, 

VI. 

VII. 

VIII. 

XI. 

XII. 

Preface 

Introduction 

Concept of AVM 

Classifications of Transit Control Systems 

Vehicle A1 arrns/Securi t y  Problems 

Vehicle Location, Monitoring, and Identification 

Passenger Counting/Management Reporting 

Computer Schedul i ng and Dispatch 

Schedule Adherence 

Onboard Readout, Dispatch Systems 

Real -Time Data Display 

Digital Data Hardware 

Bi b l  iography 

Appendix 

Page 

1 





LIST OF TABLES 

Table 1 - Po ten t i a l  Use o f  FixedrRoute/Randomy 
Route Systems 

Table 2 - AVM Background Experience 

Table 3 - AVM System Level Performance 
Spec i f i ca t i on  

Table 4 - Overa l l  Accuracy S t a t i s t i c s  

Table 5 - To ta l  System Cost Var ia t ions  i n  
Generic AVM Systems 

Table 6 - AVM Investments Payoff  (Benef i t ICos t  
Ra t ios )  

Table 7 - Comparison o f  Passenger Data Sensors 

Table 8 - Estimated Bene f i t s  from Management 
In fo rmat ion  System 

Table 9 - Example o f  Displays Ava i l ab le  

Page 

3 3 

48 





LIST OF FIGURES 

Figure 1 - The Transit Operating Process 

Figure 2 - Effectiveness of AVM Systems in Transit 
Operati on 

Figure 3 - Floorboard Switch for  Silent Alarm 

Figure 4 - Silent  Alarm Concepts - Ring and 
Be1 1 Switches 

Figure 5 - AVM Location Subsystem Technologies 

Figure 6 - Benefi t/Cost Ratios for AVM Fleet 
Operations 

Figure 7 - Location System Cost as a Function of 
Fixed-Route Fleet Size 

Figure 8 - Location System Cost as a Function of 
Random-Route Fleet Size 

Figure 9 - Location System Cost as a Function of 
Operating Area 

Figure 10 - Typical AVM System Block Diagram 

Page 
8 





I .  PREFACE 

This report stems from a request by Mr. Charles Uray, J r . ,  Chief 

Deputy Director, Michigan Department of State Highways and Transportation, 

to  the Michigan Transportation Research Program to carry out a techno1 ogy 

assessment on specific t rans i t  features of Automatic Vehicle Monitoring 

Sys tems ( A V M )  . 
In recent years, digital  data communication techniques have been 

combined with mobile radio communication systems t o  provide an expeditious 

and expansive information transfer between vehicles and control centers. 

Numerous systems are currently operative and planned for  instal  lation in 

the United States for operations involving law enforcement, t ransi t  

operations, and t o  a lesser degree taxi operations. 

The emphasis of this  paper i s  on AVM systems applicable t o  improv- 

ing the operational efficiency and qua1 i ty  of service of t rans i t  opera- 

tions. 

Due t o  the size and scope of this  project, the issue of applicability 

of digital data communication systems in publ ic  t r ans i t  industry 

addressed by using the present state-of-the-art information as available 

through technical papers, journal s ,  magazines, and publ i shed reports of 

projects that have been imp1 emented across the country. This technical 

report forms the basis of the conclusions and recommendations .arrived a t  by 

the authors on the basis of the review of the l i te ra ture .  





1 1 INTRODUCTION 

The need to  a t t r a c t  auto users to  public t r a n s i t  i s  more evident today 

than in the past.  The problem of congested highways has been aggravated 

over the past  few years by the au to ' s  growing contribution t o  urban a i r  pol - 
lut ion.  In recent years the fuel embargo, coupled w i t h  growing environmental 

concerns and the skyrocketing costs of new autos ,' has emphasized the  need 

t o  create  greater  publ i c  confidence in the publ i c  t ranspor ta t ion system, 

To develop t h i s  confidence, publ i c  t r a n s i t  systems must subs tan t ia l ly  

increase t h e i r  current performance 1 eve1 s .  1 

This contention i s  substantiated by the University of Maryland study of 

the perceptions of publ i c transportation and auto users i n  Phi 1 adel phia and 

Baltimore w i t h  respect to  the a t t r ibu tes  of t h e i r  respective urban transporta- 

tion From a 1 i s t  of 35 a t t r ibu tes  f o r  the Philadelphia study and 44 

fo r  the Baltimore study, the a t t r ibu tes  "arrive a t  intended time" and "passen- 

ger safety" were considered most important by the people surveyed i n  the two 

c i t i e s .  Further analysis found tha t  a greater  percentage of auto users than 

t r a n s i t  users considered "arr ive  a t  intended time" very important, and t h a t  

the auto user was much less  s a t i s f i ed  w i t h  his a b i l i t y  t o  a r r i ve  a t  work on 

time when using public t r a n s i t  than when using his  own car.  This finding 

suggests t ha t  both the r e l i a b i l i t y  and safety of publ i c  t r a n s i t  systems must be 

improved t o  capture a larger  proportion of the travel  ing publ i c .  

1. Dein, T.B. "Mass Transportation Research: The Basic Issues,"  Highway 
Research Record #318, 1970, pp.  1-1 1 .  

2 .  Paine, F . T . ,  e t .  a1 . , "Consumer Conceived Attr ibutes of Transportation: 
An Attitude Study", Department of Business Administration, University 
of Maryland, College Park, M . D . ,  June, 1967. 



Automatic Vehicle Monitoring Systems (AVM) offer  the potential for  in- 

creasing t rans i t  re1 iabi 1 i ty and passenger safety by providing vehicle s ta tus  

and location information based on real time. While indicators of system 

performance and status uti l ized in AVM systems, such as headway and 

schedule adherence, passenger counts, e t c . ,  are not new, the integration of 

electronic hardware, computer software programs and digi ta l  data communica- 

tion systems necessary to monitor the appropriate parameters in real time 

i s  relatively new. 

This report i s  an attempt to bring together the l i t e ra tu re  available 

on the subject to  determine i f  AVM systems are operationally and finan- 

c ia l ly  feasible for  public t rans i t  systems as they exis t  today. The 

report s t r a t i f i e s  an AVM system into i t s  various elements and analyzes 

each one i.ndividually. These elements include: 

vehicle location 

vehicle identification 

vehicle moni tori  ng 

computer schedul ing 

computer dispatch 

s i l en t  alarm 

security alarms 

mechanical alarms 

on-board readout 

real -time displays 

a passenger counting 

management reporting 

digital  data hardware 

.a mobile comunication hardware 



I I I ~ONCEPT OF AVM - 

The energy c r i s i s  and recent concerns pertainiqg to  environmental 

qua1 i ty have emphasized the need for improved urban mobil i ty  . Automatic 

Vehicle Monitoring Systems (AVM)  i s  an evolving technology that  offers 

considerable potential in the near future for improving levels of service 

and, a t  the same time, reducing operating costs in bus-transit systems. 
1 A good explanation of AVM i s  given by Blood and Kleim (1 977) : 

". . . AVM i s  a terminology for  a class of electronic systems tha t ,  
through automatic posi tion-tracking and status-moni toring, provide 
the information as we1 1 as the means for  central control of 
individual vehicles i n  a f l e e t  dispersed over an operating area. 
Such systems are considered to  be comprised of three functional 
elements: a location subsystem to provide continuous position 
tracking of each vehicle; a communications subsystem to  monitor 
vehicle status and to return control commands to  the vehicle; and 
a computer sybsystem to manage the information flow, process in- 
coming data, generate di spl ays t o  a di spatcher and prepare records 
for subsequent analysis." 

Past experience has demonstrated that electronic vehicle monitoring 

can improve the service and efficiency of transportation systems above 

that ppssi bl e by conventional means. Conventional techniques for  performing 

th is  function- human monitors posted along the route o r  reports by the 

operator using voice radio -are wasteful of time, manpower, and <radio 
2 frequency spectrum. Moreover, human error or  lack of cooperation often 

1. Blood, Bernard E.  and Kl iem Bernd W . ,  "Experiments on Four 
Different Techniques for Automatically Locating Land Vehicles", 
U.S. Department o f  Transportation, Report No. UMTA-MA-06-0041-77-2, 1977. 

2 .  Goldsmi t h y  Arthur, " ~ e ~ a r t m e n t  of Transportation National Plan for  
Navigation ," U.S. Department of Transportation, Report No. DOT- 
TST-78-4, 1 977. 



renders these techniques ineffective. In addition the conventional 

techniques cannot provide the real time data and information necessary 

to  maintain today's level of service, much less  improve i t .  To-be 

effective,  AVM systems must address three types of information : 1 .  

background information which forms the 

requirements for  the provision of t r ans i t  services. This 

includes service specifications (routes,  headways), run schedules 

for  vehicle t r ips ,  vehicle assignments t o  these t r i p s ,  driver 

schedules for the runs, and maintenance schedules for  the 

vehicles i n  service. All of th is  information dictates the nature 

and extent of the service that  i s  to  be provided a t  any given 
- 

moment . 

control informatio?, which establ ishes the constraints on the 

service while i n  operation. This includes daily dispatching in- 

formation on the actual vehicles and drivers tha t  have reported 

for  work, running and loading conditions a t  any given moment, in- 

formation on schedule re1 iabil  i ty ,  emergency s i tuat ions,  mechanical 

condition of the buses etc . ,  and information concerning the various 
1 

assistance requests received throughout. the day from dr ive r s  and 

passengers. All of this  information dictates the nature and ex- 

tent  of the service that  can be provided a t  any given moment, given 

various operating constraints. 

1. Catton, F. D . ,  "Bus Transit Automatic Vehicle M~nitoring Systems" 
Tel imove Automated Vehicle Monitoring Conference Proceedings, 1976. 



reporting information which results from the production of the 

service. This includes exception reports (sca9edul e disruptions, 

missed runs, etc.  ) , event 1 ogs (emergency s i tua t ions  , accidents, 

e tc .  ) , passenger complaints, vehicle mileage and pay hour reports,  

information on passengers carried,etc. This information demon- 

s t r a t e s  the performance of the service and i t s  effectiveness, and 

i s  used to revise the background plans as appropriate. 

Three additional concepts are very important'in the application of 

measurement ~ofmuni cation, and control t o  urban transportation and 

essential services. 1 

information must be as comprehensive, accurate, and timely as 

required, and the system must have the a b i l i t y  t o  display, log, 

s tore ,  re tr ieve,  and summari ze th i s  information as required fo r  

most effective response by a l l  parts of the system and the 

organization. 

feedback mechanisms are requi red t o  ensure tha t  error-free 

messages are  transmitted, that they are directed to  the proper 

recipient(s)  , that messages have been received, t h a t  appropriate 

actions have ,been tak-en, .and tha t  the triggering events/ perturba- 

tions have been taken care of .  

These c r i t e r i a  require tha t  the proper AVM hardware components be 

integrated in such a manner as to  encourage the use an-d cooperation of 

of system users. To be effective ,therefore, the rnoni toring system should 

not be complicated to operate and be o f  obvious value. 

1. Irwin, Neal A. , "Concepts for  Improved Communications and Informative 
. Systems in Urban Transportation,". Telimove Automated Vehicle 
Monitoring Conference Proceedings, 1976. 



F igu re  1 p laces t he  i n f o rma t i on  f l o w  i n t o  pe rspec t i ve  as an i n t e g r a l  

component o f  t he  t r a n s i t  o p e r a t i  ng process. 
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I V .  CLASS I FICATION OF TRANS I T  CONTROL SYSTEMS 

Automation of t r a n s i t  v e h i c l e  mon i to r ing  f unc t i ons  has been evo l v i ng  

over t h e  past 40 years, w i t h  t h e  g rea tes t  techno log ica l  advances occu r r i ng  

w i t h i n  the  l a s t  decade. Whi le many methods have been devised, they  can 

a l l  be categor ized i n t o  two general groups, based on t h e i r  t ransmiss ion 

method. I n  t h i s  respect ,  i n f o rma t i on  can be automta ica l  l y  t r a n s m i t t e d  

by l and  l i n e s  o r  by r a d i o  communications. Thus, automat ic  v e h i c l e  

mon i to r ing  i s  ca tegor ized  as non-radio and radio-based c o n t r o l  systems. 

Radio-based c o n t r o l  systems o r  h y b r i d  systems a r e  c u r r e n t l y  favored 

by t r a n s i t  a u t h o r i t i e s  because o f  t he  increased v e r s a t i l i t y  they  a f f o rd  

over non-radio systems alone. 

F i rs t -Genera t ion  Radio Contro l  Systems 

F i r s t - gene ra t i on  c o n t r o l  systems, which began t o  emerge i n  t he  

s i x t i e s ,  a r e  vo ice- rad io  communications used i n  t h e  t r a n s i t  c o n t r o l  

process. Genera l ly  t h i s  cons i s t s  o f  a  t r a n s m i t t e r  and r e c e i v e r ,  a  

microphone and a  loudspeaker on each bus t o  a l l o w  t h e  bus d r i v e r  t o  

t a l k  t o  and t o  r ece i ve  i n s t r u c t i o n s  f rom c e n t r a l  c o n t r o l .  Many t r a n s i t  

p rope r t i es  i n  t h e  Un i ted  States,  Canada, and. Europe have equipped t h e i r  

f l e e t s  w i t h  vo ice- rad io  communications p r ima ' r i l y  because o f  t he  need 

t o  be i n  c l o s e r  con tac t  w i t h  t h e  d r i v e r s  because o f  an i nc rease  i n  

emergency s i t u a t i o n s .  
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While i t  i s  possib le t o  monitor a  small f l e e t  o f  vehic les using on l y  

voice-radio transmissions, the in format ion w i l l  be accurate on ly  f o r .  the  

most r e c e n t l y  contacted vehic les i f  i t  i s  no t  in tegra ted  w i t h  an automatic 

veh ic le  l o c a t i n g  device. The d i f f i c u l t y  w i t h  voice-only transmissions, f o r  

1  both veh ic le  moni tor ing and l o c a t i o n  placement, i s  given by Symes (1976). 

Assuming even a  low average veh ic le  speed o f  10 mi/h (14.66 f t / s )  , 
the veh ic le  contacted on ly  60 s  ago could be 880 f t  from i t s  l a s t  

repor ted p o s i t i o n  o r  could be stopped a t  a  t r a f f i c  s igna l  . Thus, 

a  voice transmission o f  l o c a t i o n  data i s  n o t  r e a l l y  a  feas ib le  

a1 t e r n a t i v e  f o r  accurate p o s i t i o n  l oca t i ng .  Add i t i ona l l y ,  vo ice 

channel s  are a1 ready congested w i t h  rou t i ng  communication, and 

continuous transmission o f  l o c a t i o n  in format ion would be impossible 

f o r  a  l a rge  f l e e t .  

Thus, conventional methods employing f i e l d  checkers must supplement vo ice-  

on ly  transmissions f o r  the m a j o r i t y  o f  the con t ro l  a c t i v i t i e s .  

Second-Generati on Radio Control  Systems 

The proglems encountered w i t h  voice-only communication prompted the  

development o f  second-generation rad io  con t ro l  systems. This generat ion 

o f  cont ro l  e l iminated some o f  the  rad io  channel and message e f f i c i e n c y  

r e s t r i c t i o n s  by supplementing the voice rad io  w i t h  one-way d i g i t a l  

communications. The system was given the c a p a b i l i t y  o f  au tomat ica l l y  

t ransmi t t i ng  rou t i ne  data such as veh ic le  l oca t i on ,  passenger counts, 

veh ic le  i d e n t i f i c a t i o n ,  etc., from the veh ic le  t o  c e n t r a l  con t ro l .  

Most o f  these systems u t i l i z e d  some type o f  dead reckoning concept. 

This concept involves the use o f  the veh ic le  odometer t o  measure d i s -  

1. Symes, Denis J., "Mul t iuser  Area-Coverage Automatic Vehicle Mon i to r ing  
Program" IEEE Transactions on Vehicular  Technology Vol . UT-26, No. 2 May 1977. 



tance. Since these devices tend to produce cumulative rather than random 

errors, the positional inaccuracy of the vehicle increases as the 

distance traveled increases, and becomes unacceptabl e af ter  10 mi 1 es or 

less. For example, a one percent error in the distance measurement will 

produce a 250-foot error after  five mi 1 es. These inherent inaccuracies 
f 

make i t  necessary t o  periodically correct the odometer. 
-- -. - 

In additian to bus location, secpnd generation radio control 
. . 

systems can transmit vehicle identification, route and run number, 

passenger counts, emergency a1 arms, mechani ca1 status, etc. Thi s i s  

because the digital comunications capabi 1 i ty re1 eases the Operator 
. . .  - . .  . . . .  . . .  I -  -.-. ... . . - .  _ 

from usi,,ng the: voice' radio for the=: @urppqe$, - ' 

The second generation control system i s  subject t o  many of the pit- 

fal ls  of f i r s t  generation control. Channel and efficiency limitations 

of voice radio makes t h e m  effective for emergency handl ing b u t  only 

partially effective for most other control functions. 

@ Third-Generation Radio Control System 

This system significantly improved the information handl ing poten- 

t ial  of the communications system by introducing two-way digital 

communications capabi 1 i ty . 
Recorded messages can be sent t o  the driver, by means of precoded'mes- 

sages, with0u.t- having t o  summon him t o  the voice radio. A7 though the - 

voice radio is  present, i t  becomes a subsystem i n  this generation of 

radio control. The main di fference between third and second generation 

1. Goldsmith, Arthur (Editor) "Development of Transportation National 
Plan for Navigation" DOT-TST-78-4, November, 1977, 



control i s  t ha t  display logic i s  used so that  precoded messages can be given 

to  the driver.  This capability a1 so makes i t  possible to  use variable mes- 

sage techniques t o  communicate wi t h  random route t r ans i t  vehi c1 es , pol i ce 

uni ts ,  emergency response units,  etc.  This a1 lows the maximum ut i l iza t ion  

of the data transmission capability and of voice radios, giving the driver 

mgre free time for R l s  other duties. 

Fourth-Generation Radio Control Systems 

Fourth gen&ation control i s  similar t o  third generation control 

w i t h  the following major differences: 1 

8 f i r s t l y ,  control i s  exercised in a much more interact ive way 

than w i t h  previous systems , w i t h  computers assis t ing both the 

drivers and the controllers in the formulation of control 

actions. 

secondly, the information base on which the t r a n s i t  operation 

i s  structured becomes an integral part of the control system, 

both i n  the way i t  is  used as i n p u t  to  the control process 

and in the way i t  i s  updated by the control process s t a f f .  

This i s  made possible by the use of powerful hardware/software systems 

a t  central control , electronic processors, and various data sensing devices. 

The fu l l  capacity of two-way digi ta l  comnunications allows a greater 

degree of driver seJfyregulation and more effective control actions by the 

control 1 ers.  The control 1 ers can exert effective and continuous control en 

route by employing software programs that  can be an aid in determining what 

corrective actions are appropriate t o  retain schedule adherence. These cor- 
. .- - 

1. Catton, F.  D., "Bus Transit Automatic Vehicle Monitoring Systems", 
Tel imove Automatic Vehicle Monitoring Conference Proceedings, 
September, 1976. 



r e c t i v e  ac t i ons ,  such as s h o r t  t u rn ,  s k i p  stop, w a i t  f o r  t r a n s f e r  connect ion, 

e tc . ,  can be re layed  t o  the i n d i v i d u a l  veh ic les  by t h e  use of  on-board pre-  

coded i n d i c a t o r  l i g h t s .  E l e c t r o n i c  processors a l l ow  f o r  f l e x i b l e  s o p h i s t i -  

cated c o n t r o l  procedures t h a t  can be implemented w i t h o u t  t h e  r e s t r i c t i o n s  

o f  f i x e d - l o g i c  packages, a t  what has been proven t o  be l owe r  cos t  than t h i r d -  

genera t i  on systems. 

T r a n s i t  personnel who a r e  respons ib le  f o r  the  p lanning,  c o n t r o l  , and 

opera t ion  must have access t o  a  vas t  amount o f  i n f o rma t i on .  Whi le t h i s  

in format ion i s  a v a i l a b l e  w i t h  t h i r d -gene ra t i on  systems, t h e  hand1 i n g  o f  

t h i s  in fo rmat ion  can be a ted ious and time-consuming j o b  s u b j e c t  t o  many 

u n c e r t a i n t i e s .  The t r a n s i t  c o n t r o l l e r s  must have a v a i l  a b l e  t o  them 

var ious schedules, such as run  guides, v e h i c l e  r e g i s t e r s ,  and d r i v e r  

schedules, t h a t  descr ibe  t he  se rv i ce  t o  be provided, w h i l e  a t  t h e  same 

t ime they must ass imi  1  a t e  i n fo rma t i on  on t h e  ac tua l  vehi  c l  es/manpower 

a v a i l  ab le  and t he  var ious  opera t ing  cond i t i ons  t h a t  a f f e c t  se rv i ce .  By 

us ing a l l  o f  t h i s  i n f o rma t i on  t he  c o n t r o l l e r  decides when, where, and how 

he must make t he  adjustments t o  p rov ide  t h e  requ i red  se rv i ce .  When t h i s  

background i n fo rma t i on  i s  combined w i t h  t h e  r e a l  - t ime da ta  a v a i l a b l e  f rom 

the  AVM systems, t h e  data can become so voluminous t h a t  t h e  e f f e c t i v e n e s s  

o f  t h e  c o n t r o l  process can be severe ly  downgraded. 

Th is  p o t e n t i a l  problem i s  reso lved  i n  f ou r t h -gene ra t i on  c o n t r o l  systems 

by s t o r i n g  the  t r a n s i t  i n f o rma t i on  base i n  t h e  c e n t r a l  c o n t r o l  computer 

and by us ing  the  computer t o  compare r e a l - t i m e  i n f o r m a t i o n  aga ins t  t h e  

s to red  in fo rmat ion .  The computer can then p rov ide  ass is tance  i n f o r m a t i o n  

t o  the d r i v e r s  and except ion r e p o r t s  t o  the  c o n t r o l l e r s .  Th is  makes t h e  



fourth-generation control, because of i t s  interactive nature and feedback 

mechanism, the most potentially effective of a11 control systems. I t  

requires only an interface with a t rans i t  schedul ing program and an i n t e r -  

face w i t h  a computerized t r a f f i c  signal control system to  make t r ans i t  

control t ruly automatic. 

Effectiveness of AVM Svstems 

The foregoing discussion on the different types of information t rans-  

mission concepts serves t o  i l l u s t r a t e  how diversified the AVM hardware can 

become. AVM techno1 ogy has undergone radical evolutionary changes s ince 

i t  was introduced 30 or 40 years ago. These' changes were dictated by t h e  

need to  have better information on which to  base control actions. Ex- 

peri ence has shown that ,  except for  si tuations where a t r ans i t  property 

i s  small enough that  i t  can use only voice communication in i t s  control 

ac t iv i t i e s ,  i t  i s  d i f f icu l t  t o  just i fy  first-gen'eration voice-only radio 

communication over other techniques. 

Figure 2 i l lus t ra tes  that  many second-or third-generation control 

systems on the market are 1 imited i n  the i r  ab i l i ty  to control bus opera- 

tions because of 1 imi ted information-hand1 ing capabil i t i e s ,  and because 

message structures, transmi s s i  on ra tes ,  and response times are  i n  many 

cases inappropriate for  the effective operation of t rans i t  services. 
1 To for t i fy  th is  view Catton (1976) s ta tes :  

1 .  Catton, F .D. ,  "Bus Transit Automatic Vehicle Monitoring Systems ," 
Telimove Automatic Vehicle Monitoring Conference Proceedings, 
September, 1976. 



Figure 2 - Effectiveness o f  AVM Systems i n  T rans i t  Operations 

S ~ u r c e :  Catton, F. D . ,  "Bus T rans i t  Automatic Vehicle Monitoring 
Systems ," Tel imove Automatic Vehicle Monitoring Conference 

. . - - -  - 



"To be truly effective,  we believe tha t  an automated control system 

must be able t o  handle a l l  of the day-to-day operating ac t iv i t i e s  
of a bus servi ce i ncl udi  ng such real -time control ac t iv i t i e s  as 
dispatching, route and schedule .-- supervision, -. -- emergency - hand1 i n g  , -- - 
passenger loading,- mechanical monitoring, t r a f f i c  pr ior i t ies ,  e tc . ,  
and such off-1 ine ac t iv i t ies  as event logging and management 
reporting, and the very important scheduling process i t s e l f  which 
dictates  the structure of the service. A two-~ay digi ta l  com- 
munications system, which i s  the fourth generation control system 

-. 
discussed above, seems t o  be the only practical way to achieve th i s .  

The capital costs of implementing th i s  ful ly  automated fourth 
generation system i s  about double the cost of implementing a purely 
voice radio f irst  generation system. Our studies have shown, how- 
ever, that  these capital costs can be recovered in about one to  
two years a f te r  implementation because of the savings in operating 
costs and the improvements in service tha t  resu l t ,  whereas i t  is 
very d i f f icu l t  to achieve any cost savings using purely voice 
f i r s t  generation or par t ia l ly  automated second generation communi- 
cations systems. Thus once the decision i s  made to  introduce 
comunications in the t r ans i t  operation, then the t r a n s i t  operator 
might as well go a l l  the way and completely automate the system 
for  greater cost-effectiveness . 

This i s  the approach that  i s  being followed by most of the 
t r ans i t  properties in Germany and Switzerland, and that  i s  being 
currently imp1 emented by the Toronto Transit Comission." 

Since fourth generation control systems are the most responsive, cost 

-e f fec t ive ,  and advantageous for  the majority of urban areas, the remainder 

of th is  report focuses on them. - - .. - - 



U. VEHICLE ALARMS/SECURITY PROCEDURES 

The concept of safety alarm systems fo r  a i r  and marine vehicles 

has existed f o r  years. In contrast, the safety aspects of surveil  1 ance on 

land do not r e l a t e  primarily to  the avoidance of fixed hazards and other  

vehicles. Rather, they are  related to the mobil izat ion,  management, and 

coordination of response resources, protection of vehi cl e occupants, and 

the provision of emergency treatment to  accident victims. In general, 

three character is t ics  are  required of systems tha t  can perform these 

functions : 1 

0 An alarm tha t  can be operated when needed (covertly and s i l e n t l y  

on a vehicle) to  a l e r t  central s ta t ion  personnel to  the 

emergency. 

Suff icient ly  accurate information about the location of each 

vehicle or  other en t i ty  tha t  i s  par t  of the system. 

@ A communication l ink between the incident and the  center re- 

sponsible for  response, 

Vehicle alarms are  of three basic types: 2 

1) a concealed emergency alarm to be triggered sur rept i t ious ly  to  

warn of any criminal o r  hazardous s i tuat ion.  

2 )  a security alarm to ihdicate  any intrusion o r  equipment tampering 

tha t  will indicate any mischievous ac t iv i ty  while the bus i s  

unmanned, par t icular ly a t  n i g h t .  . 

3 )  a s e t  of mechanical malfunction alarms. 
- -- 

1. Goldsmith, Arthur "Department of Transportation National Plan fo r  Navi- 
gation," U.S. Dept. of Transportation, Report No DOT-TST-78-4, 1977. 

2 .  "Specifications for  Bus Radio/Managernent Information System," 
Massachusetts Bay Transportation Authority, October, 1976. 



Emergency Alarms 

The increasing rate of crime and violence on t rans i t  vehicles i s  

sufficiently high to raise serious doubts in passengers' minds concerning 

the ultimate safety of pub1 i c  transportation. Incidents involving assul t s ,  

robberies, vandalism, threats t o  drivers and passengers, e tc .  are sub- 

s tant ia l ly  reduced by an effective s i l en t  alarm system. 

Experience has shown that the effectiveness of any security e f for t  i s  

directly proportional to response time. Pol ice records indicate that  i f  

the enforcement units can arrive on the scene within five minutes from the 

time of the alarm the arrest  rate increases sharply.' Any alarm system 

should therefore be designed t o  minimize the fo l l  owing factors involved 

i n  response time. 

1. Time until the s i len t  alarm i s  detected by the controller.  

2 .  Additional time until the police call i s  in i t ia ted .  

3. Time t o  complete the pol ice ca l l .  

4.  Pol ice dispatch delays. 

5. Police f ie ld force response time. 

The f i r s t  two factors are under the direct  control of the t r ans i t  

authority. The third factor i s  a composite control shared. by the t r ans i t  

authority and the police agency. Since the l a s t  two items cannot be in- 

fluenced by the alarm system,it i s  imperative that  the emergency alarm 

function complete functions 1, 2 ,  and 3 i n  a time interval that  i s  small 

compared to five minutes ( i  .e. ,in the order of 30 seconds). This obj-ective 

must be met even when there are simultaneous s i l en t  alarms. 

1. "Schedule Control and Management Information System Study ," IBM 
Federal Sys tems Division, November, 1 974. 



This places several significant requirements on the system. The 

sequence of events and several specific requirements can best be described 

as follows: 

Step a.  A s i l en t  alarm i s  init iated by the driver. 

Step b. The controller receives an audible and visual alarm and 

in i t ia tes  a call t o  the police dispatcher. 

Step c. The controller i s  given information on the vehicle I.D., 

location,and estimated passenger load. 

Step d .  The pertinent information i s  given t o  the police dispatcher. 

To achieve the 30-second objective a study team engaged by the 

Chicago Transit Authority (CTA)  arrived a t  the conclusion tha t  step b must 

occur within 10 seconds af te r  step a .  Step c can take longer b u t  should 

occur within 25 seconds. .1 

The re1 iabil i ty of the emergency alarms i s  also dependent upon the 

rate of false  alarms and system failures.  The study team i n  Chicago deter- 

mined that the majority of fa1 se alarms resulted from the drivers '  inadvertent- 

ly setting i t  off.  This indicates that a better human factors design should 

be considered i n  l ieu of a simple f o o t  switch for  the actual alarm. 

Figure 3 displays the driver 's  discrete foot switch tha t  was used for  

the s i len t  alarm in Chicago. While i t  was easily accessable to the driver 

i t  was deficient with respect to inadvertent tripping caused by the movement 

of the operator, vehicle v i  bration,or the placement of a r t i c l e s  on the 

switch. This switch location also suffers from the d i f f icu l ty  e?ncountered 

in insulating i t  from water during bus cleaning and other environmental 

hazards. 

1. "Schedul e Control and Management Information System Study," IBM 
.Federal Sys tems Division, November, 1974. 



Figure  3 - Floorboard  Switch f o r  S i l e n t  Alarm 

Source.: "Schedule  Control  and Management I n f o r m a t i o n  System Study," IBM 
Federal  Systems Di v i  s i on,  November, 1974. , p. 3-1 4. 



Another concept for  the actual alarm switch i s  shown i n  Figure 4 .  

This concept requires only an assembly type design by mounting a ring 

switch beneath the drivers seat. The driver can act ivate  the alarm by 

moving his leg and deflecting the ring, thereby activating the alarm. This 

affords greater movement to the driver and a reduction in accidental 

t r i  ppi ng . 
Figure 4 also displays another concept !th.at employs a device similar 

in appearance to  a bell surrounding the pedestal of the drivers seat .  This 

concept also has the advantage of reducing accidental . t r ipping1 and a t  the 

same time i t  raises the switch above d i r t  and water. In addition i t  

reduces the number of fa l se  alarms due to vibration,since the driverJ 's  seat  

i s  fastened to  rigid frame members of the vehicle. The switch i s  so con- 

structed tha t  movement of the housing in any direction act ivates  the alarm. 

A third concept consists of the bell and ring used in conjunction w i t h  

one another. A movement of the drivert 's  leg toward the bell brings the calf  

of his leg into contact w i t h  the ring switch. When both the ring and bell 

switches complete the c i r cu i t  simultaneously, the alarm i s  activated. The 

simultaneous closure of both switches by any event other than an intentional 

action i s  highly unlikely, ye t  the complexity of action demanded of the 

driver is not greatly increased over tha t  required by the floorboard foot switcl 
- - 

Additional concepts on the location o f  the switch, such as a button 

on the steering column or dashboard, suffer  from the disadvantage of being 

too conspicuous. Switches positoned so that  they can be depressed w i t h  the 

dr iver 's  knee have advantages, b u t  t he i r  re1 iabi l  i t y  i s  dependent upon 

the physical configuration of the dr iver ' s  compartment o f  the vehicle under 

consideration. Whatever concept i s  employed i t  i s  considered as being 
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Figure 4 - Si l en t  Alarm Concepts - Ring and Bell Switches 

Source: "Schedule Control and Management Information System Study", IBM 
Federal Systems Division, November, 1974, p. 3-1 5. 



advantageous t o  make the false alarm rate less t h a n  10 percent of the aver- 

age alarm rate.' A high false alarm rate can create contempt for the 

system by the responding pol ice units, thereby increasing the average re- 

sponse time. 

Whichever concept for the type and location of the alarm switch i s  

chosen, i t  should possess the fol 1 owing functional requirements : 

a )  Switch location considerations 

easy access by driver 

located t o  minimize inadvertent tripping 

driver movement for switch access should be minimal and 

blend w i t h  natural posture. 

b )  Alarm features - the alarm should automatically continue i t s  trans- 

mission, giving the vehicle I.D. for  an extended period of time 

or until the controller turns i t  off.  

c)  Priority - the si lent  alarm should have priority over al l  other corn 

munication and be designed i n  such a manner that i t  cannot go un-  

noticed. 

In an AVM system employed in Sudbury, Canada, the alarm format, once 

activated, i s  transmitted in a cyclical fashion, 1.5 seconds on and 6 

seconds off ,  until ac know1 edgement i s  received. Transmission in th is  

cyclical manner overcomes such problems as channel in-use or R.F. (radio 

frequency) propagation 'fades'. As soon as i t  i s  received by central 

control, a signal i s  sent t o  the alarming vehicle t o  t u r n  off the mobile 

transmitter alarm cycle. This prevents the channel from being tied up  

and opens i t  immediately for other communications. 

I .  "Schedul e Control Management Informati on Sys tern Study," IBM Federal 
Sys tems Division, November, 1974. 

2. ~ e d a r ,  M . ,  "Manual Central ized Fixed Route ~l eet Monitoring and' Control 
(Sudbury Transit Control Systems) , I t  Tel imove Automated Vehi cl e Monitoring 
Conf, Proceedings , Sept , , 1976. . .__ - -- - 

_ . L .  -.. . - 



Problems w i t h  a system failure can be reduced by using hardware 

redundancy and by specifying equipment capabl e of withstanding the en- 

vironmental conditions prevalent a t  the situ locations. 

To avoid pol ice search problems the vehicle location information pro- 

vided w i t h  the s f len t  alarm should position the bus t o  w i t h i n  one city 

block. The system should also possess a s e l f ~ t e s t  feature to periodically 

t e s t  i t s  operating status, 

Security A1 arms 

The overall purpose of the security alsrm i s  t o  prevent the loss of 

fares and damage t o  equipment as a result of unauthorized entry into the 

fare box. This entry can occur while the vehicle i s  in service, b u t  the 

primary advantage of the a1 arm i s  that i t  affords protection to the vehi cl e 

whi 1 e i t  i s  unattended, parti cul a r i l  y dur ing storage. The experience of - 
t ransi t  authorities indicates that pi1 ferage has ranged in technique from 

very subtle substitution of bogus parts for la te r  entry, s ki l l  fu1 timing 

of entry, and direct techniques. 

To function correctly i t  i s  necessary for the farebox alarm t o  sat isfy 

the fo1 lowi ng requirements. 1 

detect when the farebox i s  opened on a particular vehicle, 

detect i f  an open condition i s  legitimate or illegal, 

be as immune as possible from false  activation by noise, 

vibration, etc., 

be as immune as possible from intentional disablement (power loss ,  

radio loss, loss of mechanical or electrical integrity), 

1. "Schedule Control and Management Information System Study," IBM 
Federal Systems Division, November, 1974. 



be as invulnerable as possible from system deception techniques 

(e.g., external magnets applied to an internal relay to  hold i t  in an 

open condition or power down), 
- - -- - - - - - -- --. 

be coordinated with other data from vehicle sensors, 

be rapid in the presentation of an alarm, 

provide - - -  a h i g h  degree of re1 i ab i l i t y  w i t h  a low amount of maintenance, -- - 

Although the concept of th is  alarm i s  similar t o  tha t  of t h  s+i,lent 

alarm, i t  i s  not practical t o  recognize the alarm whenever the farebox i s  

opened. This i s  because the authorized farebox collections can number in 

the thousands every day fo r  the en t i r e  t r ans i t  f l e e t .  I t  i s  possible to  

design the system to ignore alarms tha t  come from authorized coll  ection 

points by using special vehicle location sensors. The alarm i s  ignored 

whenever i t  i s  sent from the proximity of the farebox pull ing is1 and or  

garage during the regular coll ection hours. 
. - - .  , . . _  

Mechanical Alarms 

The purpose of the vehicle mechanical alarms i s  to  detect  an equipment 

malfunction before physical damage or vehicle f a i lu re  en route can occur. 

The specif ic  parameters tha t  need t o  be monitored a re  those tha t :  

have a suff ic ient ly  high ra te  of occurrence; 

are inexpensive to  repair i f  detected early; 

are expensive to repair i f  the vehicle i s  allowed to continue 

operating; 

can be re1 i abi ly and inexpensively instrumented. 



Those parameters that  may warrant consideration fo r  i nstrumentation 

are briefly discussed i n  an NTIS publication,which s tates:  1 
- -  - - -. 

@"Engine Coolant Temperature Sensor - The engine coolant i s  water, or 
a water and ethylene glycol mixture. Normally, the temperature sensor 
i s  i n  the water jacket or engine block. The temperature sensed i s  
indicative of overall engine temperature ( i f  cool ant  1 eve1 i s  normal ) , 
or of block temperature i f  coolant i s  low. Both responses are desired. 
Conditions such as poor radiator cooling, excessive engine heat 
devel opment (from excessive load, combustion problems, etc. ) broken 
water pump, or circulation system leak cause a response. 

.Engine Coolant Level - If the engine coolant level i s  below a certain 
f a i r ly  low level,  a noticeable r i s e  in engine temperature will be 
observable. If  the level goes too low, i t  goes beneath the pick-up 

..level of the, water pump and temperature r i ses  very rapidly. 

*Engine Head Temperature - Direct measurement of head temperature, Per- 
haps near the exhaust valves., provides a very sensit ive indication of 
engine problems. The heat-sensitive switch can be designed to thres- 
hold a t  a small tolerance, for  example, a t  a 30° r i s e  above normal. 

. 
Oil Pressure - Measured by means of a pressure-sensitive switch. The 
oi l  pressure sensing point should be in a h i g h  volume flow point of 
the circulation system, such as a ser ies ,  as opposed t o  a bypass, 
f i l t e r  point. Possible stagnation points should be avoided to mini- 
mize contaminant problems w i t h  the gauge or  o i l  1 ines to the gauge. 

Oil Temperature - Measured by means of a high re1 iabi 1 i ty heat sensor. 
Sensor shall be placed in the engine case nearest the oi l  circulation 
point reaching the highest average o i l  temperature. This may be 
some point near the exhaust valve guides. The location depends very 
much upon the particular engine design and i t s  o i l  circulation system. . 

1. "Schedule Control and Management Information System Study," IBM 
Federal Sys tems Di vi s i  o n ,  November, 1974. 



A high oil  temperature i s  indicative of a severe wear problem, or  an 
oi 1 problem (such as dangerous1 y reduced viscosity) . Any of these 
conditions requires a maintenance check before any further long 
duration operation of the bus occurs. 

Transmission Fluid Level - A correct f luid level in the automatic 
transmission i s  important. A low level can resul t  in f luid over- 
heating; however, reserve capacity i s  usually bui l t  into the u n i t  to  
par t ia l ly  compensate for some fluid loss. Standard bus check-out 
procedure a t  the garage i s  to  frequently and periodically check f luid 
level. Prolonged operation of the transmission a t  low f lu id  levels 
causes f luid heating, thinning, further heating, chemical breakdown 
of the f lu id ,  malfunctioning of the internal mechanism of the trans- 
mission, and perhaps more f l u i d  loss. All symptoms are progressive. 
Normally, when the f luid i s  checked for  level ,  a competent mechanic 
can determine i f  the f luid has experienced overheating. 

Generator O u t p u t  Sensor - The bus has several important e lectr ical  
systems onboard which are very important t o  safety and comfort of bus 
and passengers. They include: 

1. Bus head1 ights,  rear 1 ights,  inter ior  1 i g h t i n g ;  

2. Bus radio and other alarms; 
3 .  Other sensors; 
4. Some controls and small power devices (fans,  e tc .  ) .  

- 

The bus generator, of course, i s  designed to maintain an adequate 
charge in the storage battery through the action of . the voltage 
regulator and together with the battery to  supply power to  the ent i re  
electrical system. 

Battery Condition Sensor Generator Output Sensor - A low battery will 
render the ent i re  sensor and communication system inoperative. 
Therefore, i t  may be desirable to  send an alarm to  the Operations 
Control Center i f  the bus has been inadvertently l e f t  inoperative 
for  several days. 

Air Conditioning Operating Status - Quality passenger service includes 
factors re1 ated t o  heal t h  and comfort. A comfortable temperature 
within the bus i s  one of those factors. There i s  a i r  conditioning 



equipment aboard some of the buses and  i t  i s  required that i t  be 
operating when conditions so warrant. Frequently, in h o t  summer 
weather and when frequent passenger boarding and alighting occur i t  
may be diff icult  t o  maintain a comfortable onboard temperature. The 
training and duty of the operator should be t o  keep the a i r  condi- 
t i o n i n g  turned on in warm seasons. 

. Fuel Level - The number of buses which run o u t  of fuel while en route 
each month sometimes exceeds one hundred. The consequences incurred 
are passenger inconvenience, expense of road call s , schedule di s-  
ruption, and other inconveniences. One solution i s  the placement of 
a fuel level sensor onboard the bus for telemetry of fuel level 
back t o  Central Control. The data will be machine monitored and 
indication given t o  the di spatcher i f  the operator has not attended 
t o  fuel replenishment before the fuel level sensor has reached the 
alarm condition. The dispatcher, taking into account the remaining 
work for the operator, will arrange for the bus t o  be refueled in 
a timely manner. 

A second solution is  for the Operations Control Center t o  keep track 
of the bus odometer readings and their most recent refuelings 
(indexed t o  odometer reading a t  fuel s tat ion).  From know1 edge of 
average fuel mileage, Central Control can estimate fuel 1 eve1 . 
Vehicle Speed - The vehicle odometer reading i s  telemetered t o  the 
Operations Control Center. I t  i s  possible t o  determine average 
speed from these readings. Speed checks, as from an onboard speed- 
omoter, are related t o  speed limit violations. 

Vehicle Air Pressure Sensor - Accidents w i t h  various t ransi t  com- 
panies and also other road vehicles have occurred because of loss 
of braking due t o  low a i r  pressure. However, CTA has a mandatory 
warm-up period which i t s  operators are trained to observe before 
even moving the bus a t  the beginning of a run. If pressure should 
be lost suddenly during a run, i t  i s  doubtful i f  more could be done 
over immediate actions which the operator now takes. 



Engine Running Status - Engine running/not running data was considered 
when some of the details of interpreting various other sensor alarms 
were considered. For example, when the bus i s  garaged a t  end of 
i t s  work (the radio i s  required t o  remain turned on and in contact 
with the Operations Control Center), the oi 1 pressure a1 arm will be 
triggered, unless other means of inhibit are provided. Other sensor 
outputs could be similarly affected. " 

The number of parameters monitored i s  dependent upon the sophistication 

and subsequent cost of the monitoring equipment. Those functions which 

can be directly correlated t o  equipment re1 iabi 1 i ty,  such as,  engine tempera- 

ture and oil  pressure, should be given primary consideration. Engine head 

temperature i s  considered t o  be the most sensitive and re1 iable indicator of 

most tempera ture-re1 ated engine damage problems. When the temperature safe 

guard i s  employed with oil pressure sensors, an effective early warning i s  

given for most engine failures. The engine manufacturer should define the 

best location for these sensors. 



CONCLUSIONS 

@Silent Alarms 

The s i lent  alarm function i s  generally considered t o  be a significant 

benefit t o  any transi t  property. Silent alarms have been so effective in 

present appl ications that their use and development i s strongly encouraged 

by UMTA.' Drivers appreciate this  aspect of AN more than any other single 

feature. I t  gives them an increased sense of security especial ly during 

times of darkness and off-peak passenger loadings. 

3enefits t o  be derived from the system include a reduction i n  crime ra te ,  

reduction in property loss, increased passenger confidence, and an increase 

in operating revenues. The increase in operating revenues stems directly 

. from an increase in ridership attributable to the increased passenger con- 

fidence. The ridership increase i s  particularly evident dur ing  hours of 

darkness,when the operating costs per passenger mile are a t  their highest. 

Another side benefit t o  the si lent  alarm system i s  that  i t  can act as 

a deterrent t o  crimtnal act ivi t ies occurring outside of the bus system 

By uti 1 izing the mobile communications equipment t o  report criminal ac t iv i t ies  

the vehicle driver can be an inense  a i d  t o  law enforcement agencies in the 

quick apprehension of criminals. This would be a societal benefit of ail AV'M 

system that would be diff icult  to quantify. There have, however, been similar 

side benefits from the increased popularity of CB radios. This experience has 

demonstrated that this type of surveillance can be effective i f  a proper descrip- 

tion of the incident and location is  given. 

I 

1. "Specifications for Bus Radio/Management Information Systeql* Massachusetts 
Bay Transportation Authority, October, 1976. 



Mechanical A1 arms 

The purpose of the mechanical alarms is  t o  telemeter back information 

that i s  designed t o  reduce the cost of road service and the re1 ated maintenance 

operations. These objectives, in turn, should result in a reduction of 

operating expenses and an increase in the quality of service and passenger 

revenue. Experience of the Chicago Transit Authority indicated that sensors 

to signify engine failures caused by temperature/pressure problems and out of 

fuel conditions maximized the benefits for the capital investment required. 1 

This choice was based on a history of prior road calls.  Approximately 1400 

calls of the 56,000 road calls were coded as engine failures. O f  these 

engine failures, i t  was estimated that approximately 500 cal ls  were related 

t o  temperature/pressure fai l  ures. Mi nor repairs were often a1 1 that were 

required. to correct the problem when the vehicle operator noticed the on 

board warning 1 ight. Major and subsequently costly repairs were required when 

the operator failed to heed the warning indicator. Since the engine fai lure 

sensors associated with ail AVM system supplement rather than replace the on 

board indicators, i t  has a large potential for reducing the number of major 

overhaul tasks caused by failing t o  heed the on-board warning. 

Actual' experience of the Central Arkansas Transit Authori ty (CAT) resul ted 

in twelve failures being detected by the AVN sensors before the vehicle operators 

noticed them. The CAT experience w i t h  the AVM engine fai lure sensors can be 

summarized as foll  ows : 

The system recognized temperaturelpressure related failures i n  

sufficient time t o  prevent the occurrence any major engine 
damage. 

-- 

1, "Schedule Control and Management Information System s tudy 9 "  IBM Federal 
Systems Divi sion , November, 1974. 
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Approximately 50 percent of the failures were detected by the 
vehicle operators. 

There were no false alarms. 

The valve of the fuel sensors will vary from one transit authority t o  

another. An estimate of the monetary savings t o  be realized by their  in- 

s ta l l  ation can be obtained by investigating the maintenance records to deter- 

mine the number of road calls made for o u t  of fuel conditions and the cost 

of each cal l .  This cost can be surprisingly high when the expense of equip- 

ment, labor, passenger inconvenience, and 10s t operating revenues are taken 

into account. The sensors themselves are re1 atively inexpensive t o  purchase 

and instal 1.  

There are two principal causes of a t ransi t  vehicle running o u t  of fuel, 

and each cause requires a different sensor. In one case the vehicle exceeds 

its operating range, thereby depleting i t s  ful l  complement of fuel. This 

problem can be solved by attaching the sensor in conjunction with the odometer. 

I t  can compare the miles logged with the maximum running capacity of the fuel 

tank and forward an alarm i n  ample time for remedial action. The other case 

for fuel outage i s  when the fuel tank i s  not "topped off" during replenishment. 

This problem, as well as the f i r s t ,  can be remedied by a detector which detects 

a low fuel condition. These sensors can be inexpensively installed i n  new 

vehicle purchases b u t  are often impractical t o  instal 1 i n  existing equipment. 

Farebox A1 am 

Since the farebox of most t ransi t  vehicles can carry as much as $500, i t  

i s  a prime target for thieves. A tamper-proof farebox alarm in accordance w i t h  

expeditious fare collection techniques can thwart any nefarious act iv i t ies .  The 

associated violence and intimidation employed by thieves can also be avoided i f  

a notice of the alarm i s  posted in a conspicuous location. 
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VI . VEHICLE LOCATION, MONITORING, AND IDENTIFICATION 

Of the four major subsystems (location, communication, data processing, 

display) tha t  comprise an AVM system, the location subsystem i s  the most 

v i t a l .  System performance and cost depends most heavily on the location 

subsystem (which will be the most expensive element of an AVM system). 

Fundamentally, there a re  two basic applications of AVM systems: fixed- 

route or  random-route (area coverage) sys terns. Major bus t r a n s i t  operations 

are  a primary example of a fixed-route system, while the dial  -a-ride bus, 

t ax i ,  and pol ice operations typify random-route applications. A1 though the 

principal concept of both these applications i s  t o  locate and track a single 

vehicle or group of vehicles, the technology of these systems varies w i t h  

1 the i r  use. In Table 1 ,  Symes has attempted t o  match the potential AVM 

uses to  the type of coverage required. 

Table 1 - Potential Use of Fi.xed-Route/Random-Route Systems 

A mu1 t i -user  AVM system, which i s  designed to serve many users 

w i t h  an integrated system, has' many advantages. 

1. Symes, Denis J . ,  "Mu1 tf user Area - Coverage Automatic Vehicle 
Monitoring Program ," I E E E  Transactions on Vehicular Techno1 ogy, 
.Vole VT-26, No. 2 ,  May, 1977. 

i 

Potential Use 

. Large Fleet Management 
Transit 
- Fixed -route service 
- Random-route service 
Paratransi t 
Police 
Ut i l i t i e s  . 
Delivery & Repair Services 
Postal Services 

Emergency Medi cal Services 

System Required 

Fixed -route coverage 
Random -route coverage 
Random -route coverage 
Random -route coverage 
Random -route coverage 
Ransom -route coverage 
Fixed -route coverage 
Random-route coverage 



The primary advantages of this system are the significant reduction in 

cost for b o t h  equipment and operation of the system by each individual user. 

Other advantages include; a) an interface of several operations for bet ter  

control and, b )  expansion of the market by making AVM available to users 

other than those with f leets  large enough to justify a separate private 

AVM system. 

Equipment 

There are three basic AVM 1 ocati on techniques : 

1. Signpost or proximity 

2 .  Radio frequency 

3. Dead reckoning 

Each of these types has unique economic and performance at t r ibutes  in 

different deployments, and within each type, subtypes ex is t .  

The different location subsystems are described i n  the following 

paragraphs (see Figure 5). 

Signposts 

Signposts can either be passive or active. With passive (vehicle) 

signposts, the signpost continua1 ly broadcasts i t s  s t r e e t  address ( in  a 

special numerical code). When a particular vehicle passes near the signpost , 
i t  picks up the signal and relays i t  by radio t o  the control center? I n  

the active (vehicle) system, the vehicle continually broadcasts i t s  identity.  

1. Bloody Bernard E . ,  Klien, Bernd, W.A., "Experiments on Four Different 
Techniques for Automatically Locating Land Vehicles: A Summary of 
Resul ts,Y USDOT Report #UMTA-MA-06-0041-77-2, TSC, November, 1977. 

2.  Symes, Denis J . ,  "Mu1 tiuser Area - Coverage Automatic Vehicle 
Monitoring Program," IEEE Transactions on Vehicular Techno1 ogy , 
Vol. VT-26, No. 2, May, 1977. 

3 .  "Schedule Control and Management Information System Study," IBM Federal 
Systems Division, November, 1974. 



Broad Signpost - Position defined w i th in  
signpost range. 1 
signpost per intersect ion.  I Sharp Signpost - Posit ion precise a t  

point .  4 signposts 
per intersect ion.  

. 3 LORAN-C 
I n i t i a l  posit ion 

Odometer 
measured 

I- 

signals t o  ' 
vehicle 

Turn 

t o  3 recievers * 1 rt--' Final  posi t ion 

Figure 5 - AVM Location Subsystem Technologies 

- .a.m..- . 
qnlrrr~:  Reed. David H., e t .  a],  "A Study o f  the Costs - and Benefits Assoctated - -  



The signpost picks up the signal from the passing vehicles and relays i t  

by a communication l ine  t o  the control center. The main advantages of the 

passive system over the active system are: 

1) The signposts do not require comnunication 1 ines to  the control 

center.  Where battery power i s  used, the i n s t a l  la t ion i s  not 1 imited by 

physical connection (except support systems) t o  any external system. 

2) The signpost does not require a receiver and vehicle ID decoder, 

- b u t  only - a - -  low-power transmitter, and therefore i s  lower i n  cos t  and 

smaller i n  size.  

. . -  

Other advantages of the passive el ectroni c signpost i ncl ude: 

1) passive systems tend to be lower in cost; 

2 )  they conserve the radio frequency spectrum; 

3)  they can be integrated w i t h  regular vehicular radiot  

equipment; 

4 )  they are potentially very accurate. 

The principal disadvantage of the passive signpost i s  tha t  the bus 

must carry a signpost receiver ; signpost ID decoder., and transmitter f o r  

transmittal of location data back t o  the control center. However, since 

the bus carr ies  a data comnunication package for  additional purposes such as 

voice, the extra cost i s  low and i s  basically a o n e i t h e  capitql expense. 

Signposts can a1 so be 'classified into two major categories : 

broad or sharp. The radio broad-field type gives a precision of 100-600 

feet  whereas a sharp signpost (as in an optical scanner) will give a 

precision up t o  a few inches. The distinction between broad and sharp 

signpost systems i s  important i n  the area of system performance and cos ts .  
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"For random-route veh ic le  t rack ing ,  signposts would need t o  be i n s t a l  1  ed 

a t  l e a s t  a t  every o ther  i n t e r s e c t i o n  (assuming an i dea l  rec tangu lar  s t r e e t  

p a t t e r n ) .  A t  these i n te rsec t i ons ,  one broad- f ie1 d  s ignpost  would be needed, 

whereas up t o  four o f  the  sha rp - f i e ld  signposts would be needed t o  cover 

t he  poss ib le  veh ic le  manuevem ( i  .e., t u rns ) .  Since v e h i c l e  p o s i t i o n  i s  

known on ly  a t  the signpost and y e t  i t  i s  des i rab le  t o  use t h e  minimum number 

o f  i n s t a l l a t i o n s  ( i  .e., a t  every o the r  i n t e r s e c t i o n )  ,most p r o x i m i t y  AVM 

concepts i nc lude  the use o f  an odometer t o  prov ide incremental d is tance 

measurement between signpost i n s t a l  1  a t ions  and thereby achieve accuracy spe- 

c i f i c a t i o n s  (e.g., + - 300 f e e t ) .  I n  one unique b r o a d - f i e l d  s ignpost  system, 

the use o f  t he  odometer i s  obviated by ad jus t i ng  the  r a d i a t i o n  f i e l d s  o f  

adjacent signposts t o  over1 ap. By measurement o f  re1 a t i v e  f i e 1  d  s t rengths ,  

p o s i t i o n  between the  signposts i s  obtained. F i e l d  s t reng th  decreases approxi -  

mately 1  i n e a r l y  w i t h  d is tance from the  signpost.  "l 

The f o l l o w i n g  sec t ion  describes a  number o f  s ignposts cgncepts 

s m a r i z e d  i n  a  study f o r  the Ch icago 'Trans i t  A u t h o r i t y  i n  1971. 2 

Magnetic Signposts - I n  t h i s  technique small magnets are  embedded i n  

the roadway i n  a  v e r t i c a l  p o s i t i o n .  The veh ic le  p i cks  up the  magnetic 

f i e l d s  as i t  t r a v e l s  over them. A row o f  ma~ne ts  i s  embedded f o r  

each l o c a t i o n  po in t ,  o r i en ted  i n  the d i r e c t i o n  o f  v e h i c l e  t r a v e l .  A code 

corresponding t o  the  i n te rsec t i on ,  o r  checkpoint, i s  developed i n  the  

pickup c i r c u i t r y  because o f  t he  p o l a r i t y  o r i e n t a t i o n  o f  each magnet 

as i t  i s  embedded. Magnets a re  requ i red  f o r  each roadway l ane  and t e s t  

r e s u l t s  i n d i c a t e  very good accuracy. 

Lasar Scanner/Passive Beacon - A small ,  low-power 1 aser beam cont inuous ly  

scans i n  a  v e r t i c a l  plane l a t e r a l l y  t o  the  veh ic le  from a  p a r t  i n  the  

near curb s ide o f  the veh ic le .  A passive beacon, c o n s i s t i n g  o f  h o r i z o n t a l  

1. Blood, Bernard E., K l ien ,  Bernd, W.A., "Experiments on Four D i f f e r e n t  
Techniques fo r  Automat ica l ly  Locat ing Land Vehicles: A Summary of  
Resul ts," USDOT Report #UMTA-MA-06-0041-77-2, TSC, November, 1977 

2. "Schedule Control  and Management In fo rmat ion  System study," I B M  
Federal Systems Div is ion ,  Novembw, 1974. 



s t r ips  of reflective material (tape, paint, f o i l ,  e tc . )  placed in a 
vertically oriented code pattern, reflects the laser beam back t o  a 
sensor on the vehicle. The sensor digi t izer ,  the returned 1 ight 
pulses, and the digitized code, which i s  the ID of the beacon or 
intersection, i s  transmitted over the vehicle radio to  the control 
center. The system i s  potentially capable of measuring range of 
vehi cl es-to-beacon, This and other possi bl e design features are 
usable in determining exact arrival of a vehicle a t  a particular point. 

a Radio Scanner/Transponder - A low-power transmitter, operating a t  any 
UHF or VHF frequency, periodically radiates a signal from the near- 
curb side of the vehicle. A beacon i s  mounted to a post on the curb, 
such as a t  a passenger stop or s t ree t  intersection. I t  consists of a 
receiver which stores the received power by means of a special RD power 
supply circuit .  The received signal carries an interrogation signal 
which the receiver a1 so demodulates and uses internally to trigger an 
ID code generator which in turn re-modulates a very low power trans- 
mi t t e r  (a t  a second VHF or UHF carr ier  frequency) which transmits the 
ID code of the beacon back to the vehicle. The power for  the code 
generator and transponder i s  obtained from the special RF power supply 
circui t .  

Optical Scanner/Passive Beacon - A wayside scanner reads a vehicle 
identification number that i s  coded either d ig i ta l ly ,  or by special 
type style numbers placed on the near-curb side of the vehicle when 
i t  passes. The code i s  then relayed back to the Control Center. 
This system, while 1 imited i n  many respects, has been. in use in 
American railway systems and London bus systems for  several decades. 

a Inductively Coupled Data Link - A small battery-powered transponder 
onboard the vehicle responds to a buried loop interrogator as the 
vehicle passes over i t .  The interrogation i s  composed of a decoder and 
transmi tter-receiver. Besides i denti fyi ng the passing vehi cl es , the 
interrogator can receive and decode some operational messages. Messages 
are returned t o  the control center via phone 1 ines or radio 1 ink. 



VHF Wayside Beacon/Electronic Signpost - This signpost continually 
repeats a coded signal corresponding to the local s t r ee t  address or 

s t ree t  intersection. The passing vehicle picks u p  the signal and 

relays i t  back v i a  radio link t o  the Control Center. The signpost 
normally operates in the VHF radio spectrum w i t h  o u t p u t  power in the 

mill iwatt range. 

Radio Frequency 

Many radio navigation concepts u t i l i ze  time+f-arrival o r  phase 

differences of synchronized radio frequency (RF) signals from (or 

t o )  three or more transmitters (or receivers) located a t  known geographic 

points, With assumption of straight01 ine transmission paths, these time 

or phase differences are used to calculate position by t r i la tera t ion.  

Examples of  radio frequency techniques that  are particularly applicable 

to 1 and vehicles are described below. 

Loran-C - The Long Range Navigation Grid maintained by the U.S. Coast 

Guard i s  used for navigation of ships in the coastal confluence. By 
1978 most coastal regions of the U.S. will be covered by th is  grid; 
and  i t  i s  anticipated, with the addition of a few necessary trans- 
mi t t e r s ,  a1 1 of the continental U.S. can be covered in the next few 
years. Loran-C provides position of a ship, a i  rcraft,or land 'vehicle 
by transmitting pulsed 100 KHz carriers  from three geographically 
separated transmitters, Two of the transmitters are time-slaved t o  
the third so that  the time differences of pulse arr ivals  can be used 
to locate the vehicle. 

Theoretically, constant time difference of pulse arr ivals  from any pair 
o f  stations defines a hyperbola on the surface of the earth. The 

crossing of two such hyperbolas gives the position f i x .  For ships, 
hyperbolas of constant time differences are over1 aid on navigation 
charts. On land, however, variations in conductivity over transmission 
paths from the transmitters may not permit the construction of 
geometrically true hyperbolas. I t  i s  empi rical Iy known that  measured 



time-differences are stable ( i  .e.,  continuously the same a t  a .  given 
location);  however, the grid needs t o  be calibrated fo r  land use. 
The more the distortion in the hyperbolas, the more or denser the 
calibration points needed to provide a given accuracy. 

Pulse Trilateration - A network of receiving s tat ions,  separated by 
a distance determined by power 1 evels and other factors ,  receive 
sharp rise-time pulses on high frequency car r ie r  signals from tracked 
vehicles. Each vehicle emits i ts pulse followed by a message code i n  

an assigned time s lo t .  The times of pulse-arrival a t  the receiving 
s i t e s  are  established and then ref ayed by wire link to  a central 
computer. Here the vehicle position i s  calculated by a t r i l a t e ra t ion  
algorithm using the pul se-arrival times a t  three o f  the receivers best 
si tuated to  determine that vehicle's position. The selection of the 
three receivers i s  based on a priori knowledge of a particular vehicle 's  
operational area or knowledge of i t s  l a s t  position. A t  carr ier  
frequencies of 1000 MHz, i t  i s  estimated that  the average separation 
of the receiver s i t e s  will be six miles i n  urban areas. This i s  a 
significant parameter in the system cost equation and i ts empi ri cal 
determination i s  quite important. 2 

In the hyperbolic t r i l  ateration technique, the 1 ocation i s  dependent 

upon the angle a t  which the 1 ines of position interact .  As th is  angle becomes 

more acute, the location error  increases. Location 'errors i n  RF systems a1 SO 

resul t  from atmospheric noise, external man-made noise, and receiver noise 

(which blocks out the s ignal) .  Other problems such as high r i s e  buildings, 

tunnels, and bridges can also cause errors i n  RF systems by blocking the signal.  

1. Blood, Bernard E . ,  Klien, Bernd, W.A., "Experiments on Four Different 
Techniques for Automatically Locating Land Vehicles: A Summary of 
Resul ts," USOOT Report #UMTA-MA-06-0041-77-2, TSC, November, 1977. 



Dead Reckoning 
"A dead-reckoning 1 ocation technique is generally characterized by 

providing position information without reference to external signals. 
This location system utilizes a magnetic heading indicator and an odometer 
to track vehicle position. In dead-reckoning schemes, position errors are 
cumulative and an auxiliary method must be utilized to provide the positiol 
of a starting point and other reference points thereafter at frequent inte 
vals to keep the error within specification. For the starting position, t 
vehicle operator transmits his position to a central computer; thereafter, 
the tracking is accompl ished automatically by transmitting heading and 
distance-increments to the central computer at very frequent interval s . 
These data are used to update the vehicle position on a very accurate "map 
stored in the computer memory. When the compass indicates that a turn has 
been made, the computer automatical ly "places" the vehicle on the nearest 
street location compatible with the change in heading. By "placing" the 
vehicle on the nearest new street, any accumulated position error is 
automatically zeroed. The scheme works best for a vehicle that makes 
frequent turns. I, 1 

The principal advantages of this location technique are; 1) the 

possibility of position location accuracy to within a few feet after a 

long trip and 2) random location of vehicles is very easily accomplished 

and is adaptable to all types of purposes including fixed route. The 

main problems of dead reckoning include; 1) while the odometer part of 

this location subsystem has very good accuracy, the compass part of the 

subsystem ( a t  the present time) has cost, operational, and performance 

problems; 2) errors on this system are cumulative, not random; 3) this 

location subsystem i s  not the best suited for bus systems (fixed route). 

-- - 

1. Bloody Bernard E., Kl ien, Bernd, W.A. , "Experiments of Four Different 
Techniques for Automatically Located Land Vehicles: A Summary o f  
Resul ts," USDOT Report #UMTA-MA-06-0041-77-2, TSC , November, 1 977. 



System Re1 iabi l  i t y  Requirements 

System re l i ab i l i t y  i s  a key requirement in any location 

subsystem i n  an AVM program. S t r i c t  re1 i abi 1 i ty requirements are needed 

to insure the system will not be hindered by frequent breakdowns or lack of 

data from vehicles. For the t e s t s ,  in philadel UMTA requested tha t  the 

system should have a mean time between fa i lure  (MTBF) of no less  than 1000 hours 
. - -.... . -  .. .- 

with a design aoal of 2000 hours. UMTA defined MTBF as "total  operating time . . . .  . -  I .- r -  . - . 
divided by the total  numbers of failures," A fa i lure  i s  defined as occurring (1) 

when 5% or  more of the vehicle cannot be located within the accuracy require- 

ments,or ( 2 )  whenever location, schedule, or headway data of these vehicles 

cannot be displayed or printed. 

AVM Location Accuracy Requirements 

The location accuracy requirements for  an AVM system are dependent upon 
.a** 

the use of the system ( i  .e. t r ans i t ,  police, t a x i ) .  In most police o.perations, 
2 a location accuracy of 933 fee t  was found necessary by Larsen, based on a analy- 

t ical  model developed in S t .  Louis. For other pol ice operations, such as seal ing 

off a block, coordinating a chase,or quickly locating an of f icer  in trouble, 

an accuracy of about 220 fee t  i s  required (based on the average s ize  of a c i ty  

block in St. Louis). 

BPS operations, on the other hand, are usually based on vehicle 

headway. Accuracy i s  measured i n  time and l a t e r  converted into a distance. 

1. Symes, Denis J . ,  "Mu1 ti user Area - Coverage Automatic Vehicle 
Monitoring Program," IEEE Transactions on Vehicular Techno1 ogy , 
Vol . VT-26, No. 2, May, 1977. 

2 .  Larson, R . C . ,  e t  a1 . , "Evaluation of a Police Implemented AVM System, 
Phase I ,  w i t h  Recornendation for  Other Cit ies ,"  to  be published 
by LEAA, prepared by Pub1 i c  Systems Evaluation Inc., 1977. 



Therefore, timepoints are used t o  measure time-of-passage of t r ans i t  

veh-icles. In chicago', where the average headway would be five minutes 

( a t  rush period), a maximum of 10% error of timepoint location precision 

was required. This translates to  roughly 30 seconds time-of-passage error ,  

To further increase accuracy in location measurement, 24 seconds was 

recommended. ;Thisis about 150 feet  a t  an average minimum route speed of 

5'mph. The precision accuracy, measured i n  fee t ,  would of course d i f fe r  

with varing vehicle headways and speeds. 

Based on. a lengthy state-of-the-art l i t e ra ture  review i n  both the 

requirements of an  AVM system and the range of competitive location 

subsystem technologies, the following was required by UMTA' in Philadelphia 

(1975)': 

1. Performance specification of 300 feet  ( w i t h  95th percentile 

certainty) for  accuracy on both fixed and random routes. 

2 ,  Performance specification of 15  seconds ( w i t h  95th percentile 

certainty) for time-of-passage accuracy on fixed routes. 

The 95th percentile specification of accuracy within 300 feet  i s  not 

only to insure proper accuracy b u t  ' to reduce the possibi l i ty  o f  any large 

errors. I t  i s  f e l t  that i f  location errors are large (even though they 

may be few i n  number), conside~able question i n  system ref iabi l  i ty will 

result. 

1. Symes, Denis J . ,  "Multiuser Area - Coverage Automatic Vehicle 
Monitoring Progral~,", I E E E  Transactions on Vehicular Techno1 ogy , 
Vol. VT-26, No. 2, May, 1977. 

2. Blood, Bernard E . ,  Kl ien, Bernd, W.A.,  "Experiments on Four Different 
Techniques for  Automatically Locating Land Vehicles: A Summary of 
Results," USDOT Report X UMTA- MA-06-0041 -77-2,  TSC, November, 1977. 



The f o l l o w i n g  i s  an excerpt  from t h e .  "Mu1 t i u s e r  Automatic Veh ic le  Mon i to r  

System: Request f o r  proposal (TsC-432-0017-RN)," issued by the  T ranspo r ta t i on  

Systems Center i n  1975. This s p e c i f i c a t i o n  was the  o f f i c i a l  standard o f  

performance f o r  the  four l o c a t i o n  subsystems tes ted  i n  P h i l  adel phia. 

"3.2 AVM Accuracy 

Locat ion  accuracy i s  s p e c i f i e d  a t  two AVM system l e v e l s :  

1. Locat ion Subsystem - The L.S., independent of o the r  system 

elements, s h a l l  s a t i s f y  the  accuracy requirements i n  3.2.1. 

2. AVM System - Veh ic le  p o s i t i o n  i n d i c a t i o n s  and time-of-passage 

determinat ions s h a l l  s a t i s f y  t he  accuracy requirements i n  

3.2.2.1, 3.2.2.2 and 3.2.2.3 below. 

3.2.1 Locat ion Subsystem (L.S .) Accuracy S p e c i f i c a t i o n  

For a  s i n g l e  AVM-equipped veh i c le  a t  any g iven i n s t a n t ,  L.S. e r r o r  

i s  t h e  r a d i a l  d is tance between the  t r u e  p o s i t i o n  and the  L.S. .measured 

p o s i t i o n .  The L.S. e r r o r  s h a l l  be 

Less than 300 f e e t  f o r  95% o f  a l l  poss ib le  t r u e  veh i c le - l oca t i ons  

Less than 450 f e e t  f o r  99.5% o f  a l l  poss ib le  t r u e  veh i c le -  

1 ocat ions 

and i n  a d d i t i o n  f o r  the  L.S. measurements of t r u e  l o c a t i o n s  on any 0.1 

m i l e  segment of any poss ib le  travelway, t he  average o f  t he  co r res -  

ponding L.S. e r r o r s  s h a l l  n o t  exceed 450 feet .  The above s p e c i f i c a -  

t i o n s  are appl i c a  b l  e  under the  f o l l  owing cond i t i ons  : . . 

Possib le t r u e  l o c a t i o n s  comprise a l l  geographic p o i n t s  on a l l  

t ravelways i n  t he  s p e c i f i e d  area o f  AVM coverage as we1 1  as on 

any separate ly  s p e c i f i e d  routes o f  AVM coverage. 

The veh i c le  i s  opera t ing  a t  any speed i n  t h e  range 0 t o  100 mph. 

Environmental cond i t ions  are  w i t h i n  t he  speci f i e d  range. 

The te lemet ry  (e.g., from veh i c le  t o  c e n t r a l )  i s  "per fect , "  

i.e., a11 L.S. data gathered on the  v e h i c l e  (and/or a t  a u x i l i a r y  

rece i v ing  s i t e s )  are t r a n s f e r r e d  w i t h o u t  a1 t e r a t i o n  t o  t he  p o i n t  

of processing . 
3.2.2 AVM System Accuracy S p e c i f i c a t i o n  

3.2.2.1 Fixed-Route Vehicles - For a l l  AVM-equipped veh ic les  o p e r a t i n g  



"on fixed routes during any s t a t i s t i ca l ly  significant period of time 
( i  . e . ,  a t  least  the length of one full  operational day for  the system), 
a t  l eas t  95% of a l l  such position indications (or updates) of a l l  fixed 
route vehicles shall be in error by less than 300 fee t ,  and a t  leas t  
99.5% of a l l  such position indications shall be in error  by less than 

450 feet .  This fixed-route system error i s  the straight-1 ine distance 
between the true position of a vehicle a t  a given time and system- 
indicated position (for  the same time) as presented to the dispatcher 
or stored for  subsequent off-l ine use. Note that the system-level 
error includes effects (e.g., pol 1 ing procedures) which degrade the 
inherent accuracy of the L.S. measurements, b u t  a1 so includes effects  
(e.g., position extrapolation) which enhance the accuracy or compensate 
for the effects of error sources. 

This specification i s  appl icable under the following conditions 

Vehicles are operating on a l l  of the routes specified 
Vehicles are operating a t  speeds in the nomal range experienced 
in urban bus t rans i t  
Environmental conditions are within the specified range. 

3 . 2 . 2 . 2  Random-Route Vehicles - For a1 1 AVM-equipped vehicles operating 
on random routes in the AVM-coverage area during any s t a t i s t i c a l l y  
significant period ( i . e . ,  a t  least  the length of one operational day 
for  the system), a t  least  95% of a l l  position indications of a l l  random- 
route vehicles shall be in error by less  than 300 fee t ,  and a t  leas t  
99.5% of al l  such position indication shall be in error by less  than 
450 feet .  The random-route system error i s  the radial distance between 
the true position of a vehicle a t  a given time and the system-indicated 
position (for  the same time) as presented t o  the dispatcher or stored 
for subsequent off-1 ine use. Note that  the system-1 eve1 error  includes 
system effects which degrade the inherent accuracy of the L.S. measure- 
ments as we11 as system capabili t ies that  enhance the accuracy of 
compensate for the effect of error sources. 

This specification i s  applicable under the following conditions: 
Vehicles are operating on any travelway in the specified area; 
Vehicles are operating a t  speeds in the nomal range experienced 
in urban t r a f f i c ;  



Environemntal conditions are within the specified range. 

3 . 2 . 2 . 3  Fixed-Route Schedule Monitoring (Time-of-Passage) Accuracy - 
For fixed-route transi t  vehicles the AVM system shall have the 
capability for the determination of 

schedule deviations; 
running times; 
differences between schedules and actual s t a r t  times 
for runs; 
differences between schedules and actual 1 ayover times. 

For a1 1 designated time points on al l  specified routes, the times of 
bus passage, as determined by the AVM system, shall be accurate to 
+ - 15  seconds for 95% of all  such determinations and + - 60 seconds for  
99.5% of a1 1 such determinations (considering a s t a t i s t i ca l ly  signi - 
ficant period of time -- a t  least one full  operational day for the 
system). Derived times and time periods (those identified above and 
others), as presented t o  the dispatcher or stored for off-line use, 
shall be ful ly consistent with the times of passage specification; 
e.g., indicated shcedule deviations shall be accurate t o  + - 15 seconds 
for 95% of a l l  such indications. As this i s  a system-1 eve1 specifica- 
tion, al l  applicable sources of error and data enhancements are included. 

The above specification i s  applicable under the following conditions: 
A1 1 AVM-equipped buses are operating on a1 1 specified routes. 

Bus trajectories ( i  .e., detailed time/posi tion histories) are 
those typical of urban transi t  bus operation on fixed routes. 

Time points are established piror to system operation, b u t  may 
be located a t  any points along the routes. 

Time-of-passage knowledge a1 so imp1 ies time of departure know- 
ledge for those events a t  which the bus has stopped a t  a time 
point. 111 

1 .  Blood, Bernard E . ,  Klien, Bernd, W.A., "Experiments on Four Different 
Techniques for Automatically locating Land Vehicles: A Summary of 
Results ," USDOT Report #UMTA-MA-06-0041-77-2, TSC, November, 1977. 



The performance s p e c i f i c a t i o n s  g iven f o r  t h e  1976/77 t e s t  i n  

Ph i l ade lph ia  were used because i t  was f e l t  t h a t  they had t h e  p o t e n t i a l  
1  

f o r  g i v i n g  s i g n i f i c a n t  b e n e f i t s  i n  AVM app l i ca t i ons .  The f o l l o w i n g  i s  

a  l i s t  o f  major  AVM func t ions  which can r e s u l t  i n  improvements f o r  t r a n s i t  

operat ions,  and there fore  i s  a  bas is  f o r  performance s p e c i f i c a t i o n s  i n  

t r a n s i t  operat ions : 

Reduction of headway var iance on short-headway rou tes  (10 minutes 

o r  l e s s )  by  use of t he  cen t ra l - con t ro l  capabi l  i t i e s  o f  AVM systems. 

Reduced headway variances w i l l  cause h ighe r  l e v e l s  o f  se rv i ce  i n  

t r a n s i t  operat ions,  o r  routes can be maintained a t  t h e  same l e v e l  

o f  se rv i ce  w i t h  fewer vehic les.  

Maintenance o f  schedules on long-headway rou tes  (more than 10 

minutes) by u t i l i z i n g  the  automatic i n d i c a t i o n  o f  ac tua l  p o s i t i o n  

verses scheduled p o s i t i o n  a t  every p o i n t  a long t h e  route.  This  

f ea tu re  w i l l  improve t h e  r e l i a b i l i t y  o f  s e r v i c e  and make c e r t a i n  

buses would n o t  a r r i v e  e a r l y  o r  l a t e ,  

Automatic co l  1  e c t  i o n  of f 1  ee t  -opera t iona l  performance data, such 

as accurate and complete measurements o f  running times (as a  

funct ion of t ime, passenger loading,  e t c . )  between major stops o r  

" t ime p o i n t s "  on t r a n s i t  routes.  This  data i s  extremely d i f f i c u l t  

and expensive t o  ob ta in  i n  a  usable form. However, t h i s  data i s  

essen t i a l  f o r  ma k ing  schedules t h a t  op t im ize  e f f i c i e n c y  i n  s e r v i c e  

and the  a l l o c a t i o n  o f  t he  a v a i l a b l e  t r a n s i t  veh ic les  and d r i v e r s .  

Improvement o f  d r i v e r  s e c u r i t y  and passenger s a f e t y  by  us ing  a  

p r i o r i t y  " s i l e n t  alarm" s igna l  w i t h  t h e  comun ica t i ons  subsystem. 

When t h e  a larm i s  actuated, emergency a i d  can be d ispatched t o  t h e  

exact l o c a t i o n  o f  t he  veh ic le .  

AVM Experience 

AVM Systems have been tes ted  by bo th  U.S. and f o r e i g n  governments over  

t he  pas t  decade. Table 2 l i s t s  t h e  d i f f e r e n t  agencies i n f l uenced  by AVM and 

. . Blood, Bernard 't., K l ien ,  Bernd, W.A., "Experiments on Four D i f f e r e n t  
. Techniques f o r  Automatical  1y l o c a t i n g  Land Vehicles: A Summary o f  

Resul ts,". USDOT Report SUMTA-MA-06-0041-77-2, TSC, November, 1977. 



a 1 i s t  of tes t s  of different AVM locations systems. I 

Table 2 - AVM Background Experience 

U. S . Governnen t 
Department of Transportation 

a Chicago Transit AVM Pilot  Project . . 1971 (Signpost) 

@ 1971 Field Tests i n  Philadelphia 

a 1976/1977 Field Tests in Philadelphia 

a 1977 AVM Cost/Uenefi t Study 
--- .- ---- - - ----- 
Four Location Subsystems Used: 

a Signpost and Dead Reckoning 
@ Pulse Radio Frequency, Signpost and Dead Reckoning 

Signpost and Odometer 

Q LORAN Radio Frequency, Signpost and Dead Reckoning 
Department of Justice 

Funded Police AVM Systems in the following c i t i e s :  

Montclair, CA . . . . 1971 (Signposts) 

S t .  Louis, MO . . . . 1974 (Dead ~eckoning) 

Huntington Beach, CA . . . . 1975 (Signpost) 

Dallas, TX . . . . . . . . 1976 (Radio Location) 

a Development and Field t e s t  of a Cargo Security System 
for  Trucks in Los Angel es . . . 1976/1977 (Si gnposts/Radio Location) 

Federal Comnuni cation Systems 

Issued Rule and Order Related t o  AVM Frequencies 

Foreign 

Paris - Experimental System on one t r ans i t  route. 

Zurich - 1/3 of Transit f l e e t  Equipped. Used electronic signposts 

t o  reset odometer for  1 ocation. 
Hamburg - Signpost and Odometer on 160 buses. 
London - Optical System on a1 1 routes since 1959. Manually reset  

odometer system on one route since 1973. 
- 

1. "Transportation and Automatic Vehicle Monitoring,'' Gould, 1978. 



The major  eva lua t ion  o f  AVM l o c a t i o n  subsystem t e s t i n g  has been under- 

taken by t he  U.S. Department o f  Transportat ion/Urban Mass Transpor ta t ion  

Adm in i s t r a t i on  (UsDOT/UMTA) i n  developing a  system f o r  both- f ixed and random- 

r o u t e  users. Th is  experimental under tak ing was programmed i n  two phases. 

Phase I cons is ted  o f  t e s t i n g  four  v e h i c l e  l o c a t i o n  concepts i n  Ph i lade l  ph i a  

w h i l e  Phase I 1  contemplates s e l e c t i n g  one of t he  four  systems t o  develop, 

f ab r i ca te ,  i n s t a l  1, and t e s t  a  complete ly  f u n c t i o n a l  system t h a t  can be shared 

by users w i t h  d i ve r se  requirements. The r e s u l t s  o f  t he  t e s t s  (Phase I ) ,  

conducted i n  Ph i lade lph ia  dur ing  t he  w i n t e r  o f  1976-77, have been thorough ly  

analyzed and documented i n  several  r e p o r t s  and papers. 1 y 2 y 3 y 4 y 5  The program 

d e t a i l s  and t he  r e s u l t s  a re  b r i e f l y  summarized below. Phase I o f  t h e  UMTA 

program cons is ted  o f  t e s t i n g  AVM equipment o f  f o u r  manufacturers,  1) 

F a i r c h i  l d  Space and E lec t r on i cs  Company 2)  Hazel t i n e  Corporat ion,  3 )  Hoffman 

E lec t r on i cs  Corporat ion and, 4)  Te l  edyne Systems Company. The raw data 

measured was c o r r o b o r a t i v e l y  processed by Ludwick o f  MITRE Corporat ion.  The 

t e s t i n g  was performed a t  the  system (AVM) l e v e l  and a t  t h e  subsystem (AVL) 

1. Blood, Bernard E., K l ien ,  Bernd, W.A., "Experiments on Four D i f f e r e n t  
Techniques f o r  Au tomat i ca l l y  Loca t ing  Land Vehic les:  A  Summary o f  
Resul ts ,I4 USDOT Report #UMTA-MA-06-0041-77-2, TSC, November, 1977. 

2. Symes, Denis J. , "Mu1 t i u s e r  Area - Coverage Automat ic Veh ic le  Mon i t o r i ng  
Program ,lh IEEE Transact ions on Veh icu la r  Technology, Vo. VT-26, 
No. 2, May, 1977. 

3. B o r d e l l i ,  A.  and Sk lar ,  S. "An I n t e g r a t e d  Approach t o  Automatic Veh ic le  
Mon i to r ing  and Mobi le  D i g i t a l  Communication ,!' Conference Board o f  
28th, IEEE Veh icu la r  Techno1 ogy Conference, March, 1978. 

4. Ludwick, S., John, J r . ,  "Analys is  o f  Tes t  Data f rom an Automatic 
Vehic le  Mon i to r ing  (AVM) Test ," Conference Record o f  28th IEEE 
Vehicu lar  Technology Conference, March, 1978. 

5 .  Gruver, G.W., "Ph i lade lph ia  F i e l d  Tests o f  an Over lapp ing Sign Post 
AVM System During t he  UMTA Mu1 t i - U s e r  AVM Program. " Conference Record 
o f  28th I E E E  Veh icu la r  Technology Conference, March, 1978. 



level against the specification data stipulated by UMTA . System-level 

performance incl uded errors introduced by the communication system (pa r t i  - 
cularly errors resulting from f in i t e  pol 1 ing intervals) b u t  also corrective 

measures such a's error corrective coding as well as extrapolation of 

position and other data smoothing techniques. For the location subsystem, 

data sufficient for complete position fixes and time-of-passage was checked 

against the specifications. The testing encompassed both fixed-route and 

random-route configurations. I n  addition, the AVM systems tested were also 

expected t o  monitor the fixed-route schedules by recording the schedule 

deviations, running times, differences between scheduled and actual times 

for runs, and the differences between scheduled and actual layover times. 

Special tes t s  were conducted t o  demonstrate the ab i l i t y  of the AVM 

system to function .under conditions of 1 )  extreme temperature, 2)  urban 

RF environment, 3)  urban EMI, 4 )  vehicle speeds to  100 mph, 5) a variety of 

sign post mounting conditions , 6 )  tunnel s , covered roadways, narrow s t r e e t s ,  

wide boul evards , etc.  

Each of the systems was evaluated for i t s  ab i l i ty  to-locate the 

vehicles accurately. The performance specifications drawn by the en t i r e  

AVM system are shown in Table 3. 

The overall accuracy s t a t i s t i c s  of each of the four individual systems 

are shown in Table 4. The table does n o t  include the resul ts  of Fairchild 

and Hazeltine tes t s  for fixed route configuration. I n  the former case, a l l  of  

the data were t o  be manually calculated, and  the raw data showed that  t he i r  

results are very accurate in th is  regard. No effor ts  were made t o  calculate.  



Tab1 e 3 - AVM System-Level Performance S p e c i f i c a t i o n  

Source: Blood, E., Bernard, K l  iem, W.A., Bernd, "Experiments on Four 
D i f f e r e n t  Techniques f o r  Automat ica l  l y  L o c a t i n g  Land Vehic les - 
A Summary of Results," TSC, UMTA, November, 1977. 
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l o c a t i o n  
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the data. In the Hazel t ine t e s t s ,  the reported results were not 

representative of the true situation because of some hardware problems, and 

hence they were not recorded. As a result  of Phase I testing in the area 

of location accuracy performance and economics the Hoffman Electronics 

Corporation (now Gould Corporation), system was awarded the UMTA mu1 t i -user  

A V M  contract for  Phase I1 testing in Los Angeles, 

I t  i s  important t o  realize that  the Philadelphia t e s t s  occurred i n  

1976-77 and, due to  rapid advances happening i n  AVM technologies, the t e s t  

results may now be obsolete. Systems using a particular technology that  

have performed poorly may have had rapid advances since tha t  time,and new 

and different devices (or technologies) may have been developed or  perfected. 

The technical detai ls ,  objectives,and achievements of some of the other 

major .appl ications are summarized below. 

Huntington Beach Automatic Vehicle Monitoring System Utilizing 
Over1 apping RF Signposts 

The AVM System jointly developed by Hoffman/Goul d and the Huntington 

Beach Pol ice Department has been operating for  over a year in Huntington 

Beach, California. The components of the system are 1 )  an AVL system, 2 )  

color graphic displays for  two dispatchers, 3 )  an existing UHF voice 

channel, 4 )  computer aided dispatch system. The ent i re  system services 56 

police vehicles w i t h  the information obtainable from H83 Sign Posts over an 

area of twenty-nine square miles. The AVL system was instal led in 1976 and 

became operational in 1977. Operational improvements are being continual ly 

accompl ished since the beginning of i t s  operation. 

The System has operational f l ex ib i l i t y ;  any of f ive different  modes 

of operation can be chosen by the dispatcher as ?er the needs of the situation. 



A brief description of the modes of operation follows: 

Automatic Mode: when a car i s  selected in th i s  mode, a l l  of the 

operations of vehicle location, identification, vehicle assignment, 

best route selection, and the display of maps are a l l  carried over 

by a computer. 

U n i t  Emerqency Mode: This i s  similar to  Automatic Mode except that  

this mode i s  selected by a vehicle u n i t .  

Vehicle Status Mode: The vehicle status mode shows any AVM-equi pped 

vehicle, selected by the dispatcher a t  i t s  current location. 

@Reportinq District  Mode: In this  mode, a l l  vehicles and case locatibn 

infomation w i t h i n  a selected area i s  displayed. 

Tracking Mode: A t  the choice of the dispatcher, any particular vehicle 

movement can be tracked down and displayed. 

For more detai ls  of the system components and the i r  functions, see 
' 1  paper by Gruver and Reichard, In summary, the observations o f  

this Program are: 1) failure of a few sign posts has no major effect on the 

operation of the system, 2) thef t  and vandalism of sign posts have posed 

a minor problem, 3)  a location accuracy of + 300 fee t  on major s t reets  and 

+ 600 fee t  on minor s t reets  was achieved with the 483 sign posts, 4) the - 
measured location accuracy of + 300 fee t  a t  the 70th percentile was achieved - - 
against the design specification of + - 350 fee t  a t  50 percentile. .- . -- - - . - .. - - 

1. Gruver, W .  George and Reichardt, A .  O t to ,  The Huntington Beach 
Automatic Vehicle Monitoring System Util fzing Overlapping RF S i g n  
Posts," Conference Record o f  Paper Presented a t  the Twenty-Eighth 
Annual Conference, March, 1978. 



Hazeltine's AVM System Testing in Dallas: 

The AVM system of Hazeltine Corporation has been tested in Dallas in 

addition to  Philadelphia under a contract with differing sponsoring agencies. 

The description and detai ls  of the t e s t  conducted in Philadelphia i s  given 

in an ea r l i e r  section, The de ta i l s  of the test ing in Dallas follow: 

The AVM Systems of Hazel t ine  Corporation has been subjected to  testing'  

in the operations of the Dallas Pol ice Departments Southwest Patrol Dis t r ic t  

i n  1976. The area under surveillance of the system covers approximately 

100 square miles providing location and digi ta l  s ta tus  communication fo r  43 

vehicles. In addition i t  provides an interface w i t h  the City of Dallas 

Pol ice  Computer-Aided Disptach System. The general operational features of 

th i s  system are somewhat similar t o  that  of the Huntington Beach Pol ice  

Department . 

The special features o f  t h i s  system are the a b i l i t y  to  provide: 1 )  two- 

way extended -1 ength message transmission between the dispatcher and vehicle 

operator, and 2 )  direct  access by the vehicle operator to  remote computer 

data f i l e s  using a data terminal in the vehicle. The system proved to  have 

good base-to-mobile comunication links we71 beyond 25 miles (40 km). An 

average location accuracy of 270 f t .  for  95% of the time was observed. 

Additional de ta i l s  of the elements of Hazel t i n e ' s  AVM system i n  Dallas can 

be found in a paper by Bore1 1 i and Sklar., 1 

1. Bordell i e t .  a l . ,  "An Integrated Approach to Automatic Vehicle 
Monitoring ( A V M )  Test ," March 1978. 



AVM Experience i n  European Countries 

The importance of AVM Controlled Operationas has been realized by a t  

least  four European Countries : France, Switzerland, Germany, and England. 

In a l l  of these four countries, the application of AVM Systems was solely 

intended fo r  improving t rans i t  operations in the c i t i e s  of Paris, Zurich, 

Hamburg,and London,respectively, The experiences of AVM in these countries 

will be of immense value for  adopting AVM systems t o  the t r ans i t  industry 

of the United States. The detai ls  of the systems and problems faced by 

the agencies are thoroughly investigated and summarized by ~leirn.1 Surmary 

of some of the operational detai ls  are provided below. 

a AVM in Paris: 

An AVM System was ini t ia ted and made operational in January 1975 for  

monitoring 35 t r ans i t  vehicles in a f l ee t  of 3700 buses operated by Regie 

Autonome des Transports Parisiens. The objective of th i s  program was to 

increase the level of service, while the cost of operation was not a main 

concern. The general observations made under the program were as follows: 

1. The AVM system was not effective when the buses were operating 

in heavy t r a f f i c .  

2 .  The drivers of vehicles under AVM had no prior training, which 

reduced the system effectiveness. Training of drivers was con- 

sidered imperative for  future operations. 

3. Installation of equipment on vehicles was found t o  be more complex 

than what was previously envisioned. 

4. Because of door-closing problems on the vehicle, the passenger 

counting mechanism d i d  not function properly. 

1. Kliem, W .  A .  Bernd, "Investigation of European AVM Experience ," 
Report I UM711 -PM-76-13, December 1978 of Transportation Systems 
Center, USDOT. 



In th i s  program, AVM i s  planned for  expansion t o  other vehicles in the 

f lee t .  

AVM i n  Zurich: 

Verkehnsbetriebe der s tadt  Zurich, the pub1 ic  t r ans i t  authority 

operating s t reetcars ,  e lec t r ic  buses, and motor buses,has in i t ia ted  AVM to  

al leviate  the problems encountered in control1 ing the vehicles. The major 

objective was to provide a better communication link between the vehicle 

and the Central Control System. The system was f i r s t  instal led in 1971 for  

select routes, and subsequently the program was expanded to other routes. 

The significant points o f  this  program are summarized below: 

1) Off-line data such as passenger boardings was found t o  be of 

great he1 p in scheduling. 

2 )  The accumulated data on vehicle movements enabled the operator to  

develop techniques to predict the arrival times a t  next stops. 

3 )  The dispatcher was well trained to  use the equipment w i t h  

special simulators for training 

4)  Several hardware problems were l a t e r  solved by modifications t o  the 

system. 

AVM i n  Hamburg: 

Hamburger verkehriverbund, the pub1 i c t r ans i t  authority,  in1 ti  ated 

the AVM program for  i t s  bus f l ee t  in 1965. , The AVM system was intended 

to provide position and passenger counts to  a central dispatch point for  use 

in the control of vehicles. The observations made i n  t h i s  program are: 

1) Passenger counts on the vehicles were found to be very useful for  

schedul ing and t o  dynamically route the buses. 



2 )  Dev ia t ion  i n  headway on the AVM Con t ro l l ed  r o u t e s  have been 

s i g n i f i c a n t l y  reduced. 

3) The spare veh i c l es  requ i red  t o  s u b s t i t u t e  t h e  d i sab led  veh i c l es  

have been c u t  down. 

4 )  The number o f  d ispatchers  employed has been reduced, 

5 )  Passenger w a i t  t ime  has been reduced, 

AVM i n  London : 

Greater  London Counci l ,  i n  1959, has i n i t i a t e d  AVM System t o  overcome 

t h e  l i m i t a t i o n s  o f  r a d i o  channel communications and t o  p rov i de  a  more cos t -  

e f f e c t i v e  c o n t r o l  system. The system was made ope ra t i ona l  on seven o f  t h e  

rou tes  as a  s t a r t i n g  poi 'nt. Some o f  t he  r e l e v a n t  exper iences are:  

1 )  It was found useful t o  ob ta i n  a  continuous l o c a t i o n  system over  

a  d i x r e e t  l o c a t i o n  system. 

2 )  The c o n t r o l  equipment was n o t  operated e f f i c i e n t l y , .  Th is  was a  

r e s u l t  o f  i n s u f f i c i e n t  t r a i n i n g  o f  t he  d ispa tcher .  

3) Several problems i n  t h e  software were l e f t  unresolved. 

4)  Some mod i f i ca t i ons  were done t o  a1 1  e v i a t e  hardware problems. 

Cost Benef i t  Ana lys is  

This sec t i on  i s  a  r e s u l t  o f  t h e  study o f  t h e  c o s t  and b e n e f i t s  

assoc ia ted w i t h  AVM,based on t h e  f i e l d  t e s t s  i n  P h i l a d e l p h i a  i n  1976, 

which was t h e  f i r s t  major cos t - bene f i t  ana l ys i s  done on AVM.' Th is  

t e s t  covered t h e  t h r e e  bas ic  1  oca t ion  techniques : s ignpos t  (bo th  broad 

signposts and sharp s ignposts) ,  r a d i o  frequency, and dead reckoning f o r  

both f i x e d  and random r o u t e  operat ions.  The s tudy focused on B-C r a t i o s  

o f  bus, po l i ce ,  taxis,and mu l t i - use r  v e h i c l e  f l e e t s .  Because o f  many 

1. Reed, H.D., e t  a l ,  " A  Study o f  t he  Costs and B e n e f i t s  Associated w i t h  
AVM, 'Report #UMTA-MA-06-0041-77-1, DOT/TSC, 1977. 



uncontrollable variables and uncertainties the results were presented in a 

high and low range of potential 8-C ratios (Figure 6 ) .  The high range was - 

based upon reasonably optimistic projections, while the low range was based 

on a conservative projection. The actual 8-C ratio for an AVM system will 

most likely be within the ranges of Figure 6 and depend upon such variables 

as 1) type of urban/rural environment, 2 )  type of location subsystem used, 

3)  the abil ity t o  properly manage the AVM system. 

. Some of the major conclusions of the B-C analysis are listed below: 
2 

AVM installations t o  date have not  assigned importance t o  formalized 
cost-benefit related data gathering or analysis. 

a Police cost savings are the most significant. Due primarily t o  the 
h igh  cost of staffing patrol cars, even small reductions in required 
vehicles account for large payroll savings. 

a Bus savings are considered positive. However, approximately half of 
the total savings are made possible by replacing personnel who made 

manual passenger counts w i t h  automatic passenger counters. AVM bus 
savings vary widely between cit ies due t o  extreme differences i n  

operation cost factors such as insurance, 0 & M ,  number of checkers 
and service operating characteristics of transit properties. 

Sharing costs among a mix of users does not  provide signifi'cant. 

savings,. Only a portion of AVM costs are eligible for sharing 

between users. The benefits o f  shared costs are diluted when 

participants compromise otherwise lower individual ized techno1 ogy 

costs . 
costs and benefits are h ighly  dependent upon s i t e  and f leet  character- 

is t ics .  Imp1 ementation planning must consider the changes i n  location 

system costs associated w i t h  changes in fleet size, mix or utilization, 

and operating areas. 

2. Reed, et. a l . ,  "A Study of the Costs and Benefits Associated w i t h  AVM:' 
U S .  DOT, UMTA, February, 1977. 
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Secur i t y  benef i ts  o f  the s i l e n t  alarm are  important.  No d o l l a r  va lue 

has been assigned t o  these bene f i t s ,  b u t  they appear t o  p rov ide  

s u f f i c i e n t  reason t o  proceed w i t h  an AVM implementation which might  

be marginal i n  terns o f  d o l l a r  bene f i t s ,  

a Usua l ly  carefu l  planning and management a re  requ i red  t o  e x p l o i t  AVM's 

p o t e n t i a l  benef i ts .  The h igh  and low assumptions used i n  t h i s  s tudy 

i l l u s t r a t e  t h a t  the  ex ten t  of savings can vary g r e a t l y  w i t h  s l i g h t  

changes i n  AVM u t i l  i za t i on .  

Di f ferent  l o c a t i o n  systems are the  most economical f o r  f i xed -  and 

random-route users. 

The veh ic le  l o c a t i o n  subsystem i s  t he  most rev01 u t i o n a r y  element o f  

AVM, hence the l o c a t i o n  subsystem creates the  oppor tun i t i es  f o r  more 

e f f i c i e n t  and productdve u t i l  i z a t i o n  o f  equipment and personnel. I n  t h e  

judgement of t he  p r o j e c t  manager, t he  est imates were r e a l  i s t i c  and the  cos t  

va r i a t i ons  were a l so  i d e n t i f i e d  w i t h  each gener ic  AVM system, which i s  shown 

i n  Table 5 .  

Sharp Signpost + 20% 

Broad Signpost + - 5% 

Radio Frequency + - 18% 

Dead Reckoni ng + - 6.5% 
. -  - - . L  ._ , , . * ^ .  . .. -- .- - - -  - -  - - -  - ---  -.- . "  .-. ' 

f ource: ~ e e d ,  David H., e t .  a1 , "A Study o f  t h e  Costs and Bene f i t s  
Associated w i t h  AVM,", U.S. DOT, UMTA, February, 1977. 

Table 5 - Tota l  System Cost Var ia t ions  i n  Generic AVM Systems 

The l o c a t i o n  subsystems were analyzed (for the  AVM l i f e  cyc le  cos t )  

showing the effects of the number o f  veh ic les  and l a n d  area on the  system 

costs. F igure 7 i l l u s t r a t e s  the e f f e c t  o f  f l e e t  s i z e  on system costs ( f o r  



fixed-route systems) showing that broad signposts are the most cost 

effective location subsystem. However, i t  was discovered that  for  random 

route operations radf o frequency 1 ocation subsystems were advantageous, 

based on cost (Figure 8 ) .  

Figure 9 displays the effect of land area on AVM l i f e  cycle costs for  

the different location subsystems. This figure shows the s ize  of land area 

does not affect  the cost of radio frequency or dead reckoning systems. 

Table 6 further i l lus t ra tes  the ranges of B-C ra t ios  of bus, police, 

taxi ,  and multiuser systems using the different location techniques. 

This table shows the following: 

a Police systems show the highest investment payoffs (using radio 

frequency 1 ocation systems). 

a Transit fixed-route systems would benefit best by using the broad 

signpost location concept. 

a Multi-user systems do  n o t  fully show the significant savings ( tha t  

were expected) over separate AVM systems. 

The cost curves in Figures 7 ,  8, and 9 are represented as s t raight  

l ines,  b u t  th i s  may not be the actual case in real l i f e .  Actual curves 

may be non-lineas w i t h  abrupt jumps, b u t  they are not appropriate for th is  

particular analysis. Figures 7 thru 9 are meant to  i l l u s t r a t e  the cost 

differences due to the particular location subsystem technologies used, 

and the cost relationship between AVM systems using the different location 

subsystem techno1 ogi es,  

I t  must be realized that  the numbers in Figures 7 ,  8, and 9 and Table 

6 n o t  only represent costs as of 1976, b u t  ref lect  the technologies present 
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a t  t h a t  t ime.  There may have been s i g n i f i c a n t  advances i n  one o r  a l l  o f  

t h e  technologies s ince then as w e l l  as changes i n  cos ts  invo lved.  

- 
- 
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Sicnoost Frecuency S ~ C ~ C A S  t - - Reckonin? 

Tezef:? E s t i m a t e :  LOW - 97 Hiah  - LOW Hiah iow H i ~ h  - 
- .  

2- ' . " 0  
L,-,, Alone 1.89 9.21 2.34 11.65 0.80 

3.89 C.95 4 . 6 3  

- .axi 0.49 0.98 0.74 1.48 3.22 0.43 0.3: - .  
14 -6- 

Taxi Shared 0.82 1.63 * * t 

.. . 
Table 6 - AVM Investments Payof fs  (Benef l t /Cos t  Rat ios)  

Source: Reed, H. D., e t  , al., " A  Study of the  Costs and Benef i ts  Associated 
w i t h  AVM,UReport #UMTA-MA-06-0041-77-1 , DOT/TSC, February 1977. 



CONCLUSION 

There are two basic applications of AVM systems: fixed route or random 

route. Fixed-route systems woul d include transit operations, whi 1 e taxi, pol ice, 

and delivery service would typify random-route operations. Although the concept 

of these applications in AVM is the same, the technological requirements differ 

as to their use. 

There were three main types of location technologies developed for locating 

and tracking vehicles in AVM systems. These concepts are as follows: 

1) Signposts (both sharp and broad) 

2) Radio Frequency 

3) Dead-Reckoning 

Signposts can either be passive or active. In this technique, detecting 

devices (signposts) are located along a route and when a vehicle comes within 

the range of the signpost, a message is sent to the control center by the 

vehicle or by the signpost. Vehicle location between signposts is accomplished 

by a distance measuring device (odometer). Sharp signposts have an accuracy of 

up to a few inches but more signposts are needed to track vehicle movements 

especially in random route operations. Broad signposts have less accuracy, but 

only one signpost is needed per intersection, as opposed to 4 sharp signpost 

needed per intersection. The odometer and other devices provide the additional 

location accuracy. One of the major costs in AVM signpost systems is related 

to the number of signposts used. 

Radio frequency concepts uti 1 ize the time-of-arrival or phase differences 

of synchronized radio frequency signals from (or to) three or more transmitters 

or receivers located at known geographic points. The time or phase differences 



are  used t o  c a l c u l a t e  p o s i t i o n  by t r i l a t e r a t i o n .  The two major  r a d i o  f requency 

techniques used so f a r  a re  Loran-C and pu lse  t r i l a t e r a t i o n .  There a re  a  few 

problems w i t h  t h e i r  systems t h a t  have y e t  t o  be solved. These problems concern 

no ise  (atmospher ic,  man-made, and r e c e i v e r  no ise )  b l ock i ng  o u t  t h e  s i gna l  t hus  

causing e r r o r s  a r  bu i l d i ngs ,  tunne ls  and b r idges  b l ock i ng  o u t  t h e  s i gna l s .  

Dead-Reckoning i s  t h e  t h i r d  t ype  o f  l o c a t i o n  and mon i t o r i ng  technique. In 

t h i s  method t h e  v e h i c l e  c o n t i n u a l l y  t r acks  a l l  of i t s  movements w i t h  an odometer 

and compass. Other  devices supplement t h i s  method t o  inc rease  i t s  accuracy. 

A1 though t h e  odometer p a r t  o f  t h i s  system can be very  accurate,  a1 1  of t h e  

l i t e r a t u r e  reviewed thus f a r  has i n d i c a t e d  t h e r e  a re  severe c o s t  and o p e r a t i o n a l  

problems assoc ia ted  w i t h  t he  compass mechanism which g r e a t l y  reduces t h e  

accuracy o f  v e h i c l e  l o c a t i o n .  

Loca t ion  Accuracy 

The l o c a t i o n  accuracy requirements i s  based on t h e  use o f  t h e  system 

( i . e .  t r a n s i t ,  p o l i c e ,  t a x i ,  e tc . ) .  For some p o l i c e  opera t ion ,  accuracy may 

depend on t h e  s i z e  of a  c i t y  b l o c k  when coo rd i na t i ng  a  chase o r  l o c a t i n g  an 

o f f i c e r  i n  t r o u b l e )  . For t r a n s i t  opera t ions ,  accuracy i s  dependent upon 

headway, measured i n  time,' and i s  l a t e r  conver ted i n t o  a  d is tance .  The UMTA 

t e s t s  i n  Ph i l ade lph ia  based i t s  accuracy requirements upon a  s t a t e - o f - t h e - a r t  

l i t e r a t u r e  rev iew i n  b o t h  t h e  requirements o f  an AVM system and t h e  range o f  

compe t i t i ve  l o c a t i o n  subsystem technolog ies,  g i v i n g  t h e  f o l l o w i n g  requi rements :  

1. Performance s p e c i f i c a t i o n  o f  300 f e e t  w i t h  95 th  p e r c e n t i l e  accuracy 

on bo th  f ixed-and random-route systems. 

2. Performance s p e c i f i c a t i o n  o f  15 seconds w i t h  95 th  p e r c e n t i l e  f o r  

t ime-of-passage accuracy on f i x e d  rou tes .  



The following i s  a 1 i s t  of major AVM functions which can resul t  i n  

improvements in t r ans i t  operations and i s  therefore a basis for  performance 

specifications in t rans i t  operations. 

Reduction of headway variance on short-headway routes (10 minutes or 
less)  by use of the central-control capabili t ies of AVM systems. 
Reduced headway variances will cause higher levels of service i n  

t ransi t  operations, or routes can be maintained a t  the same level 
of service with fewer vehicles. 

Maintenance of schedul es on 1 ong-headway routes (more than 10 mi nutes ) 
by ut i l iz ing the automatic indication of actual position versus 
scheduled position a t  every point along the route. This feature will 
improve the r e l i ab i l i t y  of service and ensareathat t r ans i t  does not 
arrive early or la te .  

Automatic collection of fleet-operational performance data,  such as 
accurate and complete measurements of running times (as  a function 
of time, passenger loading, e t c . )  between major stops or  "time points" 
on t rans i t  routes. This data i s  extremely d i f f i cu l t  and expensive 
to obtain in a usable form. However, this  data i s  essential fo r  making 
schedules that  optimize efficiency in service and the a1 location of the 
available t r ans i t  vehicles and drivers. 

Improvement of driver security and passenger safety by using a pr ior i ty  
"silent alarm" signal with the communications subsystem. When the a1 arm 
i s  actuated, emergency aid can be dispatched t o  the exact location of 
the vehicle. 

AVM Experience 

AVM Systems, ut i l iz ing different location concepts and technologies, have 

undergone testing and implementation i n  both the United States and foreign 

countries. The tested systems involved varying degrees o f  AVM u t i l  ization 

and different purposes ( i  .e .  t r ans i t ,  police etc.  ) . One of the most compre- 

hensive tests  was a program sponsored by DOT/UMTA t o  develop an AVM system 

t o  accommodate b o t h  fixed-route and random-route users. The 



program i nvo l ved  two phases. Phase I invo lved  t h e  t e s t i n g  o f  f o u r  l o c a t i o n  

subsystems i n  Philadelphia--1976-77. I n  Phase 11, which w i l l  be conducted i n  

Los Angeles, t h e  most successful compet i tor  o f  phase I w i l l  be se lec ted  t o  

develop, f a b r i c a t e ,  i n s t a l  1  ,and t e s t  a  completely f unc t i ona l  system t h a t  can 

be shared by users w i t h  d i ve r se  requirements. 

The r e s u l t s  o f  t h e  Hunt ington Beach AVM t e s t ,  which u t i l i z e d  a s ignpos t  

l o c a t i o n  technology w i t h  a  random-route system, inc luded  the  f o l l ow ing :  

a, F a i l u r e  o f  a  few signposts had no major e f f e c t  on t h e  system opera t ion .  

b. The f t  and vandal ism o f  s ignposts posed on l y  a  minor problem. 

c. Loca t ion  accuracy of - + 300 f e e t  on major s t r e e t s  and - + 600 f e e t  on 

minor s t r e e t s  was achieved. 

d. The measured l o c a t i o n  accuracy o f  - + 300 f e e t  a t  70th  p e r c e n t i l e  was 

achieved aga ins t  a  design s p e c i f i c a t i o n  o f  - + f e e t  a t  50th  p e r c e n t i l e .  

Resul ts o f  t h e  Haze l t i ne  AVM system i n  Da l las  f o r  p o l i c e  operat ions 

i nd i ca ted  t h a t  an average l o c a t i o n  accuracy o f  270 f e e t  w i t h  95% c e r t a i n t y  

was achieved. I n  fo re ign  AVM experiences, one o f  t h e  major conclusions was 

t h a t  d r i v e r s  and operators  should be w e l l  t r a i n e d  i n  t h e  use o f  t h e  AVM system 

t o  achieve t he  f u l l  range o f  poss ib l e  bene f i t s .  

Cost-Benefi t Analys is  

The s t a t e  of t h e  a r t  o f  t h e  costs  and b e n e f i t s  assoc ia ted w i t h  AVM systems 

and operat ions i s  r a t h e r  1  im i ted .  The most comprehensive cost-  b e n e f i t  a n a l y s i s  

was based on f i e l d  t e s t s  i n  Ph i lade lph ia  i n  1976-77 under DOTIUMTA sponsorship. 

This t e s t  d e a l t  w i t h  four d i f f e ren t  l o c a t i o n  techniques (broad s ignpost ,  sharp 

s ignpost,  r a d i o  frequency, and dead-reckoning) w i t h  r e g a r d  t o  t r a n s i t ,  p o l  i ce ,  

t a x i  and mu1 t i u s e r  f l e e t  operat ions.  Some o f  t h e  ma jo r  conclusions a re  l i s t e d  

be1 ow: 



a. AVM systems t e s t e d  o r  i n s t a l l e d  p rev ious ly ,  have n o t  assigned importance 

t o  fo rma l i zed  cos t -bene f i t  r e l a t e d  data ga ther ing  o r  ana l ys i s .  

b. P o l i c e  cos t  savings a re  t h e  most s i g n i f i c a n t  due t o  t h e  h i gh  c o s t  o f  

s t a f f i n g  p a t r o l  cars. 

c. Bus savings a r e  considered p o s i t i v e ,  However, a  s i z a b l e  p o r t i o n  of 

t h e  t o t a l  savings were made poss ib l e  by r e p l a c i n g  personnel who made 

manual passenger counts w i t h  automat ic  passenger counters .  AVM bus 

savings vary  w ide l y  between c i t i e s  due t o  extreme d i f f e r e n c e s  i n  

opera t ion  c o s t  f a c t o r s  such as insurance, 0 & M, number o f  checkers, 

and s e r v i c e  'operat ing c h a r a c t e r i s t i c s  o f  t r a n s i t  p r o p e r t i e s .  

d. Shar ing costs  among a  mix o f  users does n o t  p rov ide  s i g n i f i c a n t  

savings because o n l y  a  p o r t i o n  o f  AVM costs  a re  e l i g i b l e  f o r  

sha r i ng  between users. The b e n e f i t s  o f  shared c o s t  a r e  d i l u t e d  when 

p a r t i c i p a n t s  compromise o therw ise  lower  i n d i v i d u a l  i z e d  techno1 ogy costs .  

e. Costs and bene f i t s  a re  h i g h l y  dependent upon s i t e  and f l e e t  charac te r -  

i s t i c s .  Imp1 ementation p l ann ing  must cons ider  t h e  changes i n  l o c a t i o n  

system cos ts  assoc ia ted w i t h  changes i n  f l e e t  s i ze ,  m i x  o r  u t i l i z a t i o n ,  

and ope ra t i ng  areas. 

f. Secu r i t y  b e n e f i t s  o f  t h e  s i l e n t  a larm a re  impor tant .  No d o l l a r  va lue 

has been assigned t o  these b e n e f i t s ,  b u t  they  appear t o  p rov ide  

s u f f i c i e n t  reason t o  proceed w i t h  an AVM implementat ion which migh t  

o therwise be marginal  i n  terms o f  d o l l a r  b e n e f i t s .  

g. Usua l l y  c a r e f u l  p lann ing  and management a r e  r e q u i r e d  t o  e x p l o i t  AVM's 
p o t e n t i a l  b e n e f i t s .  The e x t e n t  o f  savings can v a r y  g r e a t l y  w i t h  s l i g h t  

changes i n  AVM u t i l i z a t i o n .  

h. D i f f e r e n t  l o c a t i o n  systems a r e  t h e  most economical f o r  f i x e d  and random 

r o u t e  f l e e t s .  

It i s  impor tant  t o  no te  t h a t  t h i s  t e s t  was based on f o u r  p a r t i c u l a r  AVM 

technolog ies i n  1976 and 1977. S ince t h a t  t ime, i nnova t i ons  t h a t  may have 

occurred i n  one o r  a l l  of those AVM techno log ies  may, t h e r e f o r e ,  

i n v a l i d a t e  some o f  t h e  r e s u l t s  o f  t h e  Ph i l ade lph ia  c o s t - b e n e f i t  a n a l y s i s .  



V I  1.  PASSANGER COUNTING/MANAGEMENT -REPORTING 

One of the real advantages t o  a comprehensive AMV system i s  that i t  

supplies a vast amount of information. If th i s  information i s  judiciously 

selected and handled correctly i t  can be beneficial in increasing the level 

of t rans i t  service and operational efficiency. Therefore i t  requires a 

we1 1 selected software package to efficiently hand1 e the data management. 

The passenger counting and reporting elements of AVM Systems consist 

of on board data collection and on and off -line reporting. The digi ta l  

communication technologies have been applied for th i s  part of the AVM sys- 

tem quite effectively. The following provides a summary of the s t a t e  of 

the a r t  re1 ated t o  passenger counti ng and management reporti ng. 

Passenger Load 

The information that can be gained from a hi story of passenger load- 

ings at specified locations for each route during peak and non-peak operat- 

ing periods can be one of the most important pieces of information obtain- 

ed. I t  can be used to  modify and/or change routes and headways to  increase 

the level of service. Software programs are used t o  retrieve, summarize, 

and either print or display the results,giving a history of seasonal, daily 

and hourly f l  uctuati ons on designated routes, route segments, and the enti re 

system. Some software used t o  date also have a selective retrieval capa- 

b i l i t y  that can be used to  limit the data analyzed using time, location,- 

and route as search parameters., 

This data retrieval capability of the software programs i s  used t o  

measure ridership patterns and trends on the t r ans i t  routes. The data can 

be used t o  formulate schedules that are responsive to  the demand. 



I t  i s  advantageous t o  have the system accumulate and compute the standard 

deviation and mean of passenger a r r iva ls  and departures f o r  specified time 
' . _  , C 

intervals on specified routes. When th i s  data i s  kept on f i l e  then the 

system produces routine recurring tabular reports comparing the passenger 

load f o r  periods such as the current calendar quarter and the preceding 

calendar quarter or  any other quarter. 
. . 

For the passenger information to be accurate i t  i s  necessary to  count 

both boarding and a1 ighting passengers. This concept necessitates the in- 

s ta l la t ion  of sensors on both the front  and rear doors of the vehicle. 

Accuracy a1 so requires that  the sensors count passengers b i  -di rectional 1 y , 

tha t  i s ,  both boarders and al ighters .  Passenger load i s  obtained by computing 

the difference between the two and telemetered to  the control center du r ing  

the regular polling cycle, The following concepts were considered by the 

Chicago Transit Authority. 

a. Interruptable Light Beam. The basic idea of t h i s  concept i s  to  

project a pair  of 1 ight beams horizontally across the entrance 

and ex i t  points of the vehicle. The beams are  placed in such a 

manner that  they are interrupted sequentially by boarding or  

alighting passengers. After the second beam i s  interrupted a 

count i s  registered. 

b. Reflective Light Beam. This concept i s  posed as a solution to  

closely packed passengers. I t  eliminates the problems encountered 
- --- ---- .- - A - L  - .. . - 

w i t h  the interruptable l i g h t  beam when both beams are  interruptei-  
-.. . 

simultaneously by crowded passenger conditions. In t h i s  detection 

method a l igh t  beam i s  directed downward into the step we11 where 

i t  experiences separation by the upper torsos of the passengers. 



c. Treadle Sensors, Th is  type o f  sensor cons i s t s  o f  pressure sens i -  

t i v e  elements p laced i n  o r  under t he  s tep  panel . A number o f  

these switches can be placed on a  s i n g l e  s tep we1 1  t o  d i f f e r e n t i a t e  

between egressing and i ngress i  ng movement. 

d. Sonic Beam Sensor, Th is  concept i s  dependent upon t h e  passengers 

i n t e r r u p t i n g  a  s i gna l  beam s i m i l a r  t o  t h e  i n t e r r u p t a b l e  l i g h t  beam 

sensors. I n  p lace  o f  l i g h t  as t he  t r ansve rs i ng  medium i t  uses 

sound energy. Th is  sound energy i s  c rea ted  by an acous t i c  o s c i l l a t o r  

genera t ing  a tone o f  approximately 50 KHz. The r e c e i v e r  sw i t ch  i s  

a l so  d r i ven  by a i r  pressure and sends a  s i gna l  t o  a  barometr ic  

type sw i tch  when t he  sonic  s i gna l  i s  i n t e r r u p t e d .  I t  

has t he  advantage o f  being una f fec ted  by e l e c t r i c a l  d is turbances.  A i r  

pressure re1  i a b i  1 i ty  i s  good s ince  t he  v e h i c l  e  cannot be operated 

w i t h o u t  the  proper  opera t ion  o f  i t s  a i r  brakes. 

e. Sonic P rox im i t y  Sensor. Th is  dev ice emi ts  an a c o u s t i c  s i gna l  s i m i l a r  

t o  t he  sonic  beam sensor b u t  i t  can be de l  i v e r e d  non-di  r e c t i o n a l  l y .  

When an o b j e c t  en te rs  i t s  sonic  f i e l d  t h e  s i gna l  i s  r e f l e c t e d  t o  i t s  

source. 

f. Seat Switch Sensor. Th is  sensor i s  n o t  p r a c t i c a l  s ince  i t  i s  sub- 

j e c t e d  t o  e r r o r  caused by passenger movement w h i l e  seated. It 

a l so  suffers f rom the  disadvantages o f  n o t  be ing  a b l e  t o  count  

s tanding passengers. 

g. Bus Weight Sensors . A simple approach t o  e s t i m a t i n g  t h e  number o f  

passengers i s  t o  weigh the  bus. Weight sensors can be i n te rposed  

between the v e h i c l e  frame and suspension components t o  sense t h e  



total  bus load. The precise number of passengers i s  ambiguous. 

The number i s  estimated by dividing the total passenger weight by 

the weight of the average adult. 

h .  Turnstile Passenger Counter. This type of sensor requires a 1 arge 

amount of space and can inhibi t  passenger movement during peak 

conditions. 

i. Porcupine Passenger Counter.. This device i s  placed in the passage 

way of each door on the vehicle. This device requires that  only 

boarders use the front door and alighters use the rear.  This re- 

quirement i s  impractical under crowded conditions when standing 

passengers may i n h i  bi t free passenger movement. 

j. Fare Type. Both manual and automatic concepts of passenger counting 

by fare  type have serious disadvantages. The manual method requires 

the vehicle operator t o  enter the fare type into a keyboard mounted 

on the farebox and places an extra workload on the driver. Auto- 

matic methods uti l izing tokens, passes, exact change e t c . ,  require 

expensive and bulky equipment. 

A summary of the parameters for  consideration in the comparison of 

various sensors i s  given in Table 7 .  ,, 

The object of the management reporting system i s  to provide timely in- 

formation, derived from data gathered during operation, so that  both management 

and technical personnel can better plan and direct  t r ans i t  a c t i v i t ~ e s .  The 

information necessary should include data such as driver performance, passenger 

load, schedule deviation,and information about the performance and u t i l  i zation 

of system hardware. 



Data Computable 
Data Sensed from Sensed Data A d a p t a b i l i t  

Fare Fare Pot. Re la t i ve  R e l a t i v e  Pot. t o  Bus 
Concept Bdrs A1 t r s  Load Type Bdrs A1 t r s  Load Type OD Rdrs E r r o r  Re1 i a b i l  i t y  Complexity Cost Environment 

I n t e r r u p t i b l e  15% 
L i g h t  Beam X  X X X X t o  5% good average aver. f a i r  

Fare Key 
Counter X  

5% 
t o  1% good average low good 

I n t e r .  L i g h t  
Beam, Fare X X  ' 

Key Counter X 

Combination 

15% above above 
X X X X t o  5% good average aver. good 

Auto. Fare 
Type Passen- X  
ger Counter 

5% 
X t o  1% f a i r  h i g h  h i g h  good 

Re f lec t i ve  
L t .  Beam X  X 

15% 
X X t o  5% good average aver. f a i r  

f a i r  

Tu rns t i l e  X  X good bel Ow poor 
aver. 

Porcupine X  X X X 5% 
t o  1% excel.  

1 ow poor  

Sonic 
Beam X  X 

15% 
X X t o  5% good average aver. good 

Sonic 
Prox . X X 

15% 
X X t o  5% good average aver. good 

Seat 
Switch 

above above 
X 15% good average aver. good 

Bus 
Weight X 15% f a i r  average h i g h  good 

Passenger above 
Weight X X 15% f a i r  average h i g h  good 

.- 

urce; Tab1 e 7 . Comparison of Passenger Data Sensors 

"Schedi~lc! Cnntrnl and Manaaement Informat ion Svstem Studv ," "rM 



Master Schedule File 

The system can be capable of creating and maintaining a Master 

Schedule File.  The purpose of th i s  f i l e  to define a schedule for  

every run on each route, giving the running time between successive timepoints 

that  are designated to  regulate the bus movements over the route. Considera- 

tion should be paid to the schedules required to monitor other functions such 

as odometer cal i bration, passenger count, engine a1 arms, emergency a1 arms ,e tc . ,  

so that  routing interrogation during the polling process can be in i t i a t ed ,  

processed ,and output under computer control. 

The primary content o f  the Master Schedule i s  the bus schedule,which i s  

defined in terns of the route, run, tr ipsand running times. I t  should also 

contain a program for  sampl ing schedule adherence, headway adherence, and 

passenger load. The capability to  add, change, or delete en t r ies  i s  re- 

quired to maintain the f i l e .  

Driver Performance 

The software system can be ut i l ized to  provide a representative cross 

section of schedul e adherence and incident occurrences by sel ected routes 

designated drivers. This information can be formed by those programs and f i l e s  

which u t i l i ze  data from the surveil lance system pertaining to  the t r ans i t  

operating standards. The princi pal measure available i s  schedule adherence. 

Im addition, the number of incidents in which a driver i s  involved provides 

valuable information. 

The summary data f i l e s  provide the mean and standard deviation of the 

difference between actual and scheduled arrival times fo r  specified points 

along the route. From this  data i t  i s  possible to  construct frequency d i s t r i -  

butions of schedule deviations for  each route t o  which particular drivers have 



been assigned. By accumulating a history of  a l l  the dr iver 's  performance on 

a particular route the system o u t p u t  can be used t o  t a i lo r  the standards of 

each route. This will allow the system t o  compare the performance of each 

driver w i t h  the standard and to flag those indivjduals who are consistantly out 

of the norm. Those drivers whose profiles show consistant deviations from the 

norm can be given remedial instruction or disci pl inary action. 

An added advantage of this  analysis i s  that since t r a f f i c  conditions, heavy 

passenger load, environmental conditions , dispatcher commands ,and incidents 

affect travel t ime,it  will be possible to associate a specific incident w i t h  

an expected delay time. This will allow the system to correlate schedule 

adherence with a record of delay occurrences and operating conditions which 

affect travel time, including particulars as to time and duration of occurrence 

and corrective action taken. 

Fare Type 

For those t rans i t  authorities that have a s t ra t i f ied  fare structure-for. 

example ,zonal fare differentiations-thf s o u t p o t  can provide valuable informa- 

tion. The program can be used t o  calculate the total  revenue resulting from 

each fare type and t o  show any unusual passenger counts. 

The system should be capable of summarizing and displaying the history of 

passengers and revenue by route, route segment, time of day, and f iscal  period. 

This information will be useful t o  management i n  establishing origin and 

destination information for particular routes as an aid in increasing the level 

of traosi t service and in establ ishing express service. 

Incident and Delay Record Analysis 

The system can be capable o f  recording records of incidents and delays 

in addition t o  that used in the individual driver analysis programs. Sum- 
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maries of delay records, acctdent reports, and unusual occurrenceq will- pro. 

vide data concerning transi t  service, safety, and community relations. 

Included in this program are the details of al l  such incidents, including 

location, vehicle number, driver identification , garage number, route number, 

time, origin, direction, and length of delay. In a d d i t i o n ,  the system can be 

capable of recording additional informati on required for  various categories 

, of unusual occurrences such as incidents ' involving accidents, alarms, f i r e ,  

i l lness, larceny,and equipment failure. I t  i s  beneficial to have the capa- 

bi l i ty of retrieving this information for specific routes or areas based 

on time, category, length of delay, origin, route, garage, run, driver or 

vehicle identification, direction of travel, action taken,and reference number 

Equipment Analysis 

An equipment analysis program can be constructed that  analyzes and sum- 

marizes the telemetered data from the equipment sensors. This data can be 

useful in revising the scheduled maintenance procedures, assessing equipment 

performance, a n d  evaluating the maintenance act ivi t ies of speCi.fic garages. 

The system .can be capable of calculating the rate of fa i lure ,  mean time 

required t o  repair a unit, and 'number of defective units. - I t  can dl so-produc& 

an itinerary of maintenance activity by vehicle identifica.tion. This program c 

be useful i n  providing the capability. o f  t u n i n g  the system for  optimum performa 

Driver Profile - 
- - -- - -  -- - An -advantage-of having the driver" profile on a computer f i l e  i s  tha.t i t  

expedites the completion of accident and incident reports. Pertinent informa- 

tion to have on f i l e  i s  the employee's name, identification number, assigned 

garage, operator registratior, and  any other information essential t o  - 
completing the appropriate reports. The system can be programmed so that th is  



information i s  inserted automatically merely by the controller issuing the 

type of report t o  be completed and the operator identification. 

Road Service Call 

A record of vehicle identification, cause of vehicle fai lure,  driver 

identification, garage, route, run number, vehicle location,and type of ser- 

vice needed can be initiated by a computer program. This program can not 

only in i t i a te  the road service b u t  can summarize the remedial actions by time 

period. This report will be a supplement t o  the equipment analysis report in 

that i t  will help t o  figure the longevity of equipment components as well as 

the work load on respective garages. 

Accident Report 

The accident report can be event driven and triggered by the preparation 

of an accident entry in the incident f i l e .  The report can generate additional 

memos t o  the claims, finance,'or payroll departments. I t  can be utilized t o  

pinpoint accident-prone drivers, accident locations, and point of emphasis 

in defensive driver programs. 
. .. A 

CONCLUSIONS 

The management information system offers significant benefits in the 

f om of increased fiscal efficiency and customer satisfaction. Some of 

these benefits can be described in the following categories: 

Driver Performance 

Fare Type Analysis 

Incidental Analysis 

Ridership Stat is t ics 

The major benefit of driver performance records i s  the a b i l i G  t o  

maintain long term performance s ta t i s t i cs  on individual drivers t h a t  can be 

used 'for motivation and discipl ine. When used in conjunction with schedule 



performance analysis, these records can be used t o  detect and evaluate ser- 

vice inefficiencies that are driver re1 ated. I n  addition ,computer compiled 

driver performance reports can make a significant savings in personnel 

time. I t  i s  not unusual for supervisors t o  spend up t o  20% of their  time 

f i l l  ing out forms on driver's performance where the task i s  presently being 

performed manual ly. 

The fare type analysis i s  beneficial from i t s  abi l i ty  t o  more accur- 

ately calculate the weighted average fare. For those authorities that ut i l -  

i ze a weighted fare system, this  information can provide an important mar- 

keti ng impact for experimenting with different fare structures. 

Incident reports can be made for a l l  incidents that result in a sig- 

nificant delay for the system. Currently they are usually recorded manual- 

l y  by dispatchers and supervisors. The computer compilation of these re- 

ports will eliminate a significant proportion of this  manual effort .  This 

wi 11  improve the accuracy, extend analysis capabi 1 i t y  ,and reduce the hand 

work over time. 

Good measures of ridership s ta t i s t ics  ensure that some routes are not  

over served nor others inadequately served. I n  addition, some metropol itan 

areas use measures of passenger demand t o  measure pub1 i c  trans! t deficiencies 

Many transi t  authorities employ checkers t o  col 1 ect ridership information. 

These checkers often ride the vehicles and record times and numbers of pas- 

sengers by stop. The location - oriented ridership information avail - 
able from AVM systems provides t h e  time and place aspects o f  this  man- 

ual l y  gathered information. The addition of passenger counting facil i t i e s  

t o  the AVM digital d a t a  link makes i t  possible t o  el iminate the manual ef- 

for t s  of counting passengers ,thereby saving the 1 abor costs associated with 
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the checkers. In addition t o  t h i s  monetary savings, automating the data 

collection will improve the quality of the input data and significantly 

reduce the cost of data reduction. 

Whi 1 e the fo l l  owing 1 i s t  of suppl ie rs  i s  not complete , i t  represents 

companies tha t  produces passenger counters: 

Automatic Passenger Counting Systems, I nc. 

a Dynamic Controls, Inc. 

Honeywell , Inc. 

International Prodata Systems Corporati on 

Scope Electronics, Inc. 

An estimate of the savings that can be realized by implementing these 

reports and functions was performed by the Chicago Transit Authority study 

team. These estimates are shown in Table 8 . I t  must be recognized t h a t  the 

costs represented in this  table are based on: 

Annual Non-Quant i f i able 
Function Quantifiable and Intangi bl e 

Tangible Benefits Benefits 
Driver Performance 20% of mobile super- Reduce operating 

visor time 
$400,000 

Ridershi p Stat i  s t i  cs 34 clerks 
$600,000 

expense, improve 
service 

Improved schedules 

Fare Type Analysis 3 key punch operators 
$50,000 

Incident Analysis 1 d i s ~ a t c h e r  

Table 8. Estimated Benefits. from Management Information System 

Source: "Sc hedul e Control and Management Information Study National 
Technical Information Service, Springfield, VA. Nov. 1974. 



The t rans i t  routes and scheduling programs are part of the Master 

Schedule File. This f i l e  should specify normal events which can be defined 

in advance. The primary purpose of th is  f i l e  i s  the t r ans i t  vehicle schedule 

which i s  defined in terms of the route, run, tripsand running times which 

characterize the schedule. I t  should a1 so contain the detailed instructions 

for  sampl ing schedule adherence, headway adherence, passenger 1 oad, and fare 

type. The capability to add, change, or delete entries i s  required to main- 

tain the f i l e  and the desired level of service. 

The AVM system will provide a weal t h  of route data to the dispatcher in 

both graphic and alphanumeric formats that  will enable him to see not only a 

portion of the route b u t  complete routes as well. I t  also provides information 

on the effectiveness of current dispatch and service restoration techniques. 

In addition, the system can provide the dispatcher with such diverse 

support status information as avai labi l i ty  of extra .  vehicles by assigned ter-  

minal, availabili ty of extra drivers, the location and avail abil i ty of mobil e 

supervisior by d i s t r i c t ,  en route conditions of vehicles, schedule require- 

ments, etc. This information lends a high degree of confidence i n  the 

appropriateness of actions taken to maintain the desired 1 eve1 of service. 

To be eff ic ient  and responsive t o  passenger demands,dispatch systems and 
- - 

, the resultant timetables must be dynamic. The changing timetables are  often 

improved to ref lect  changing demands that  occur with seasonal variations. 

Examples of this change are the fluctuations in student ridership commensurate 

with the beginning and end of the school year, vacation schedules, holiday 

schedules, etc. Software programs that can achei ve these timetabl es resul t 

in a faster turnabout time and drast ical ly  reduces costs. 



The savings t o  be gained from computerized dispatch systems can be 

better understood when current manual timetable processes are reviewed. The 

manual preparation of ini t ia l  timetables often requires a lead time of a t  

least  three months prior t o  the date on which they become operational. Selec- 

tion or picking of the runs by operators a t  the rating stations can take five 

t o  six weeks. This, added t o  the time necessary t o  build the runs, easily 

uses u p  a lead time of three months, 

The preparation of the vehicle schedules i s  the f i r s t  step toward the 

posting of new timetables. In the manual system, information supplied 

by supervisors (detai 1 ed documented passenger counts and time checks taken by 

f ie ld personnel and observations from schedule special i s t s )  , determines the 

vehicles and headways required for each route. Once the desired level of 

service i s  established, the vehicle assignments are then finalized. 

Upon the final i zation of the vehicle assignments, the schedule maker 

takes over and builds or constructs the runs that make u p  the completed time- 

tables. The difficulty in this task stems from the necessity t o  construct the 

timetables in the most economical manner whi 1 e adhering to the many constraints 

and practi ces imposed by 1 abor agreements and other institutional barriers. 

When converting t o  computerized schedul i ng techniques, i t  i s  often ad- 

visable t o  use one route for testing and debugging. After this  in i t ia l  t r i a l  

proves successful , computerized vehicl e timetables can be prepared for  a1 1 

routes and stored i n  the Master Schedule File. 

Another software program can be devised to work in conjunction w i t h  the 

Master Schedule File t o  provide valuable management information on the cost 

of the runs based on current expenses. The following cost information can 

be made available: 



cost for a route by time of day 

costs of the non-revenue t r ip  t o  place the vehicle in service and 

to remove i t  from service 

cost of replacing an operator on a vehicle a1 ready in service 

overtime 

travel time 

cost per mile 

costs t o  the community for the level of service required 

mileage to the community for the level of service required. 

The following programs can be used as a direct aid in analyzing and making . - .  . 
modifications, b o t h  real time and scheduled changes, t o  the master schedule - 
f i l e .  

Scheduled Trip File 

The computerized schedule can be placed into records corresponding to 

individual bus t r ips .  Each record can include such infomation 

t r i  p-associated times, run and terminal identifi cation,and other i nfomation 

considered pertinent,, Included i n  this  f i l e  can be the separate schedules 

for weekdays, Sunday, Saturday,and holidays for each route. 

Vehicle Inventory File 

This program gives the dispatcher an accurate account of equipment status.  

The program can be designed t o  yield the following information which will 

both support a l l  bus related radio communications and aid in the approximate 

positional location of any individual bus. 

a Vehicle Identification Number, This number should be unique for  each 

individual vehicle. 



Vehic le Type, This in format ion can i nd i ca te  the var ious d i s t i n g u i s h i n g  

physical  cha rac t2 r i s t i cs  o f  each vehicle. It can be used t o  i n d i c a t e  

those vehic les t h a t  are equipped w i t h  data c o l l e c t i o n  equipment i f  

c e r t a i n  parameters are no t  monitored un i fo rmly  throughout the f l  eet .  

Terminal, This in format ion can be used t o  i n d i c a t e  t o  what garage the  

veh ic le  i s  assigned. I t  can be useful  when decid ing which veh ic le  t o  

use f o r  special  o r  replacement runs. 

Current Status, This in format ion describes the operat ional  cond i t i on  

of the vehicle, such as whether i t  i s  c u r r e n t l y  ac t i ve ,  i d l e  i n  a  r e -  

p a i r  f a c i l i t y , o r  contains de fec t ive  communication equipment. 

Maintenance History.  This in format ion can inc lude the  type o f  work and 

date of a l l  maintenance performed on the  veh ic le .  

AVM equipment. The type o f  communication equipment and veh ic le  sensors 

aboard the veh ic le  can be recorded f o r  use i n  prevent ive maintenance 

programs. 

Run number. This in format ion can be updated by en ter ing  the veh ic le -  

run assignment data from the terminal a t  the  t ime the  veh ic le  p u l l s  out .  

It can designate the run t o  which the veh ic le  i s  assigned and can pro- 

v ide  the l i n k  enabl i n g  the determinat ion o f  the schedule l o c a t i o n  o f  

any a c t i v e  vehic le.  

Run completion time, This in fo rmat ion  can i n d i c a t e  the  t ime a t  which 

the scheduled run w i  11 terminate, whi ch normal l y  w i  11 correspond t o  the  

t ime a t  which the veh ic le  i s  scheduled t o  r e t u r n  t o  the  garage. To 

remain accurate t h i s  data must be updated fo r  any changes which occur 

en route, such as veh ic le  o r  d r i v e r  replacements. 



Bus/Driver Assignment 

This program will assign drivers t o  vehicles as a routine part of the 

check in procedure before the s t a r t  of the f i r s t  t r ip .  This system would 

require that  the vehicle number, installed sensor equipment, service res t r ic -  

tions, i f  any, and name, identification number, and experience of the driver 

be used. I f  another run i s  substitute8:the alternative run and driver profile 

should be substituted t o  keep the system updated. This approach also has the 

advantage of knowing where specific drivers are located in case they must be 

contacted for  any reason. 

Replacement Request 

This program i s  suppl ementary t o  the Bus/Driver Assignment program. I t  

further defines the reason for  replacement for  an in service vehicle. If  i t  

i s  a replacement for an in-service vehicle, additional information may be 

desired as t o  the cause for the action, etc.  

CONCLUSIONS 

The AVM system can establish a closed-loop information flow that  permits 

a dispatcher t o  know the disposition of his vehicles and enables him to con- 

trol  their  deployment. This information i s  beneficial in applications of both 

fixed route and random-route systems. This information can be used to  ensure 

that vehicle schedules are met and that  only the nearest vehicle i s  used i n  

response to system demands. The following benefits could be realized from 

this  segment of the AVM system. 

Reduction of average response times to  service and emergency c a l l s .  

The number of deadhead miles can be reduced i n  random-route applications* 

Increased on-time service with veh icles, adhering t o  establ ished 

schedul es. 



More uniform headway adherence. 

More even distribution of passengers between vehicles. 

Reduced layover time due t o  s t r i c t e r  schedule adherence and reduced 

uncertainty of total  travel time. 

e Fewer personnel required t o  establish, check, and control ti,metatjle 

and schedule adherences. 
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I X .  SCHEDULE ADHERENCE 

Schedule adherence f i l e s  a re  >programs t h a t  should be updated a t  regu- 

1  a r '  i n t e r v a l  s  t o  ma in ta in  a  t i m e l y  record  o f  measured d r i v e r  performance 

aga ins t  t h e  es tab l i shed  schedules. The system should ma in ta i n  a  h i s t o r y  o f  

the  dev ia t i ons  from scheduled a r r i v a l s  a t  t imepo in ts  on each r o u t e  f o r  bo th  

peak and off-peak operat ions. I t  should possess t he  c a p a b i l i t y  t o  r e t r i e v e ,  

summarize and d i s p l a y  t he  r e s u l t s  ,g iv ing  a  chrono log ica l  h i s t o r y  o f  t he  

f l u c t u a t i o n s  i n  running t imes. It should a l s o  have a  r e t r i e v a l  c a p a b i l i t y  

t h a t  can s e l e c t i v e l y  g i v e  summaries of  the  in fo rmat ion  des i red.  Th is  capa- 

b i l i t y  w i l l  p rov ide  a  means of de tec t i ng  trends,whi le the  f i l e s  can be r e -  

viewed f o r  more data about s p e c i f i c  i n f o rma t i on  f o r  p a r t i c u l a r  r o u t e  segments. 

Changes can be made i n  the  t r a n s i t  schedules, based on t h i s  i n f o rma t i on ,  t h a t  

w i  11 be responsive t o  t he  changing t r a n s i t  demand and t r a f f i c  c h a r a c t e r i s t i c s .  

I n  a d d i t i o n  t o  the  off1 i n e  dec is ions p e r t a i n i n g  t o  r o u t e  schedul ing and 

es tab l  i s h i n g  app rop r i a te  headways, t he  AVM system prov ides  management the  

a b i l i t y  t o  be responsive t o  immediate se rv i ce  d i s rup t i ons .  I n  hand1 i n g  

s p e c i f i c  se rv i ce  d i s rup t i ons ,  management must take i n t o  cons ide ra t i on  n o t  on ly  

t h e  s p e c i f i c  i n c i d e n t  b u t  passenger cons idera t ions ,  environmental  cond i t i ons  , 

t ime o f  day, r e l a t i o n s h i p  between the  de lay and recovery t ime,  and t he  p o s s i b l e  

e f f e c t s  on o t h e r  rou tes  by t h e  remedial a c t i o n  taken. Decis ions taken i n  t h i s  

manner r e q u i r e  the  a v a i l a b i l i t y  o f  the  c u r r e n t  s t a tus  o f  a l l  t r a n s i t  veh i c l es  on 

the  route.  Many o f  t h e  dec is ions t h a t  a r e  i nvo l ved  can be made w i t h  t h e  a i d  o f  

computers. The necessary i n fo rma t i on  f l o w  and t he  t r a d e - o f f  e f f e c t s  o f  t h e  

proposed remedial ac t i ons  a r e  areas where computer ass is tance  wi 11 be benef i  c i  a1 

i n  exped i t i ng  t he  bes t  course o f  ac t i on .  



Headway Deviation 

Headway Deviation f i l e s  complement the Schedule Adherence f i l e s .  

They give an indication of the degree t o  which scheduled headways are not met 

by showing the mean deviation from scheduled spacing between t r ans i t  vehicles. 

The data can be investigated t o  determine where schedule changes must occur t o  

obtain the desired schedule. 

While the main purpose of these f i l e s  i s  long-range planning, the informa- 

tion available here can ac t  as the standard of performance for on l ine  decisions 

necessary t o  counteract any service disruptions. The fol l  owing paragraphs o u t -  

l ine some of the on -line service restoration techniques available to  the 

dispatcher w i t h  the information flow and communications capabil i t y  of an 

AUM system. 

Adjustments to  existinq headways 

a. Hold Back., This technique i s  employed when there exists a 

gap in the headway. This action can be in i t ia ted  by the dis- 

patcher when the recovery time does not exceed the delay time 

ei ther  during the analysis time interval or a f t e r  in i t ia t ing  

the delaying of an en route vehicle. This action involves 

te l l ing the 1 ate  vehicles and the i r  leaders to  close up the 

gap. The duration of this  action can be e i ther  until the gap 

is  closed or the end of the run. 

b. Move Up. This technique i s  used to  compensate for  a malfunctioning 

vehicle that can safety reach a maintenance point. The i a l -  

function will be detected by the vehicle operator or by the 

vehicle sensors. This action affects the defective vehicle and 



i t s  fol l  owers until the ma1 functioning vehicle reaches a rep1 ace- 

ment vehicle a t  the maintenance point. 

c. Reschedule. This technique can be in i t ia ted  when external con- 

dit ions cause highly irregular service gaps. One cause for  th i s  

action, for  example, can be the forecast of severe weather con- 

di tions. ~ a s e d  on the severity of the condition, the dispatcher 

can adjust the departure time of vehicles from the teminal  to  

equalize the route headways. For missing vehicle runs, such as 

problems with the driver or a malfunctioning vehicle within the 

terminal area, the dispatchers can make 1 irni ted time adjustments. 

These adjustments would be in effect  until another driver or  

vehicle can be obtained, or, i f  the passenger loading i s  l ight, until 

the 1 a s t  scheduled departure. For adverse environmental conditions , 

the action can be in effect  until the weather clears and the 

s t ree ts  are  safe for  normal speeds. 

P u t  Followers Ahead 

This technique i s  effective for unusually heavy passenger loads. 

These loads usually cause an increase in headway, w i t h  the heaviest loaded vehic: 

following a t  the greatest  headway. This condition can be caused by a sudden in- 

flux of passengers from special events,such as spectators a t  sports games or  the 

simultaneous release of workers from large employment centers. The controller 

will become aware of the s i tuat ion via communication w i t h  the driver or  through 

the A V M  system. This technique requires that  followers t o  a vehicle that i s  

spending an unusually long time loading passengers pass u p  the delayed vehicle. 

This technique i s  usually used in conjunction w i t h  the hold-back action , to t r y  



and retain the specified headway. An extra action of sending an extra vehicle 

t o  compensate for the heavy loading i s  an additional t a c t i c  that  can be used when 

i t  i s  known tha t  special events or heavy demand will be present on a par t icular  

route. 

F i l l  In 

This technique can be beneficial when an excessively large gap in 

service .occurs during peak hours. I t  i s  an action that  is usually reserved 

for headway variances of 200 percent or  more. I t  varies from the hold-back 

technique,in tha t  t o  slow down the leaders would cause a detrimental e f fec t  

on the qua1 i t y  of service and cause the run to exceed recovery time, A severe 

gap such a r t h i s  can be caused by t r a f f i c  obstructions or by a defective 

vehicle.. Thts action cqn be accomplished by diverting a vehicle from 

the same route that  i s  heading in the opposite or  off-peak direction or  

by diverting a vehicle from a foreign route. Uhen diverting a vehicle from a 

foreign route, care must be exercised to minimize the potential impact on th2  

loaner route until  the vehicle can be returned. This action wi 11 l a s t  until  

the passenger destination obligations are met and the vehicle will then be 

released t o  meets i t s  original obligations. 

Reroute Around Problem 

A t  times i t  may be advantageous to  reroute the t r a n s i t  vehicle 

around bottlenecks tha t  may be caused by calamities or  emergency s i tua t ions .  

One instance of this may be a large f i r e ,  'when the emergency equipment and 

gawkers render a route impassable. This type of strategy requires adequate 

on-the-scene i n  formati on to properly se1 ec t  the correct 



a1 ternative route. The type of information requi red wi 11 often necessi t a t ?  

the dispatching of a mobile supervisor to the scene. The duration of the action 

i s  as long as the disturbance exists.  

Troubleshoot 

This action is necessitated by the notification to  the controller 

of an engine alarm e i ther  by the vehicle operator or  by the automatic engine 

sensors of the AVM system. The alann can be analyzed by the service coordinator 

to  determine i f  the vehicle can safely make i t  t o  a maintenance point or i f  a 

service crew should be dispatched to the defective vehicle. 

Inoperative Vehicle 

If the preceding action determines that the defective vehicle will not 

be returned to service for a considerable period of time, then additional 

actions are necessary to  remove the vehicle and to  deliver the passengers 

to their  intended destination. This action can take two primary directions. 

The f i r s t  action i s  t o  change the defective ve'hicle with one that  i s  already 

in the field.  This can be accomplished by changing w i t h  a vehicle that i s  

on t h e  same route b u t  scheduled t o  f inish i t s  regularly scheduled-run, or 

by ordering up a replacement vehicle from the terminal. I f  the f i r s t  option 

i s  chosen, care must be exercised to ensure that adequate reserves of fuel are 

available on the replacement vehicle. This action eliminates the need for an 

extra bus and eliminates the attendant delivery labor. The second o p t i o n  

requires additional labor t o  deliver the replacement bus from the terminal to 

the meeting point. Often, the driver of the replacement i s  from the mainten- 

ance staff,which i s  detrimental t o  the maintenance system. Duration of these 

actions will normally l a s t  until the end of the run. 



Extra Trip 

This action can be necessitated by several conditions, such as the f a i lu re  

of a r e l i e f  driver to  meet his assignment. Notification of t h i s  condition will 

need to be forwarded to the controller by means of voice communication. 

Nonstop Trip 

This i s  a technique that  can be used t o  compensate f o r  a long delay tha t  is  

beyond the control of the t r ans i t  authority. This action requires tha t  the 

vehicle be run nonstop or preferably t o  switch to  an express route t o  re inser t  

the run in i t s  proper position. 

CONCLUSIONS 

The assumption that  improved service regularity wi 11 increase patronage 

and operating revenues i s  basically sound. Regular users of t r a n s i t  service 

adapt the i r  behavior t o  the quality of service and shun, when possible, those 

systems tha t  have poor schedule adherence. They learn the schedule and develop 

a level of confidence i n  the service that  i s  commensurate with past experience. 

If the schedules are  dependable, the passengers can plan t h e i r  ac t iv i t i e s  

so as t o  lose less  time on both trip ends. If  the arr ival  times of t r a n s i t  

vehicles are subject t o  wide variations,  w i t h  vehicles typical ly  early or 

l a t e ,  passengers tend t o  arr ive e a r l i e r  t o  reduce the risk of missing t h e i r  - 

r ide,  thus extending ' their  average waiting time. 

Since AVM technology enables the t r ans i t  authority to  improve the schedule 

adherence and re1 i abi 1 i t y ,  benefits can be gai ned by lengthening the perceived 

passenger wai t i  ng time. The increased headway reduces the equipment and driver 

assets invested in the route and can increase the average load factor on each 



0 vehicle. The increase in the average load factnr i s  a direct result  of reducinl 

vehicle bunching. The magnitude of  this increase i s  directly dependent upon the 

type of service delivered prior t o  the system improvement. A route t h a t  typical 

offered good schedule adherence and re1 iahi 1 i ty with 1 i t t l e  bunching w i  11 n o t  

experience any significant load changes or vehicle savings. A route w i t h  a prio 

history of poor headway adherence and significant bunching may reap significant 

benefits i f  a l l  vehicles are not loaded to capacity. The increase in average 

load factors due t o  the increased headwavs can result in a reduction of revenue 

runs while actually increasina the level of service and ridership. 

Another benefit t o  be derived from improved schedule adherence i s  a 

reduction in layover time. Layover savings can be realized bv reducing the 

unnecessary idle time a t  the ends of the revenue runs. Part of the time allowed 

for layover a t  the end of the revenue run i s  for driver res t  breaks and the rest  

i s  a cbshion t o  absorb late arrivals a t  the end of one run and s t i l l  permit the 

next run t o  begin on time. The la t t e r  portion of layover i s  a form of insurance 

against the pyramiding and self-perpetuating increases in 1 ate vehicles. In 

some instances, transit  operators rush through their run, intentionally getting 

ahead of schedule so that their layover and subsequent rest  time i s  increased. 

Layover time, therefore, can become an expensive proposition in t e n s  of idle 

equipment and personnel. 

Layover time i s  a factor which can be drastically reduced by AVM systems. 

The exact vehicle location information for an entire route or se t  of routes t h a t  

i s  possible with A U M  systems enables the controller t o  implement operational 

strategies and control methods which can minimize disruptions in service and 

maximize schedule adherence. These measures can reduce the variation in runninc 



time, thereby cutting the required layover time. The reduction in layover t ime 

imediately increases the productivity of vehicles and drivers. If the overall 

productivity increases, i t  will be possible t o  offer the same level of service 

and headways with fewer vehicles. 



X. ONBOARD READOUT y DISPATCH SYSTEMS 

Onboard digital readout and communication capabil i t i  es afforded by 

an AVM system are a key element t o  increasing the level of t ransi t  service. 

Messages can be reciprocated between the vehicle operator and central con- 

trol pertaining to schedul e adherence, emergency situations, vehicle fa i l -  

ure etc., tha t  serve t o  increase transit  efficiency and cost- effectiveness. 

The avail abil i ty  of a1 phanumeric displays and function keys substantially 

increases the equi pment uti 1 i t y  by re1 ieving the vehicle operator from the 

task of manually removing the handset for voice comunication. This not 

only increases the transmission rate and reduces channel congestion b u t  re- 

leases the driver t o  perform his main function of piloting the vehicle. 

When an unusual situation occurs or additional information i s  needed the 

handset can be used for vocal communication. These diverse functions are 

just part of the operational requirements t h a t  need t o  be performed by the 

mobile vehicle terminal. 

I t  i s  necessary for the vehicle terminal t o  monitor the receiver o u t -  

p u t  of i t s  associated mobile radio. transceiver, recogni re and receive digi- 

ta l  messages addressed t o  that vehicle, perform error detection (and error 

correction if  the transmission format includes that function) , accept only 

error-free messages for presentation t o  the vehicle operator or the opera- 

t i  on of indicators , and make an  automatic acknowl edgernent transmission for 

each accepted digital message. I t  also provides function keys that when 

depressed by the vehicle operator automatically cause a transmission of 

the corresponding preset function-code messages as soon as the vehicle-to- 

base radio channel i s  clear, and performs all  communication protocol func? 

tions necessary t o  verify error -free receipt of such transmissions by the 



dispatch center communications controller. Sui tab1 e indicators are provid- 

ed so tha t  the vehicle operator can determine whether or not function-key 

transmission has been acknowl edged by the dispatch center communication 

control 1 e r e  

The vehicle terminal i s  capable of accepting and s tor ing a dispatch 

message which is comnensurate w i t h  the type of operation. On fixedmroute 

systems th i s  may merely require an indicator, e i ther  visual o r  audio, t h a t  

a message is to  be received over the handset. On random-route systems, 

pol ice appl i ca t i  ons , f i r e  and emergency -response o r  fixed -route systems em- 

ploying CRT equipment, the equipment should be capable of accepting or  s tor ing a 

message containing from one (1) t o  eight (8) or  more 32-character t ex t  l i nes .  

Prior experience w i t h  a demand responsive t r a n s i t  sytem in Rochester, 

New York, showed tha t  t he i r  system needed to be capable of displaying, i n  a 

manner clearly legible  to  the vehicle operator i n  his normal driving posi- 

t ion,  a t  1 east  four 3% character t ex t  1 i nes of aphanumertc characters, 
1 

When the four-text-l ine display was used i t  was beneficial t ha t  the dis- 

played l ines  were selectable by the vehicle operator from any four conti-., 

guoug lines of the eight l ines  stored in memory. The  display s ta r ted  

automatically w i t h  the f i r s t  four text  l ines  of each newly received mes- 

sage. 

1. Ward, John E . ,  "Radio and Digital Mobile Terminal Equipment for an Ex- 

panded PERT (Di al-a-Ride) Service in Rochester, N.Y. " Report #ESL-R- 

635, MIT, July,  1973. 



I n  a  s tudy performed f o r  t he  Massachusetts Bay Transpor ta t ion  Author- 

i t y , t h e  equipment t h a t  was recommended u t i l  i zed  both voice and data t r ans -  

m iss ion  normal ly  t r ansm i t t ed  on separate channel s2. The veh i c l e  r ad ios  

have a  four-channel minimum, equipped f o r  operat ion on two channels and re- 

mote ly  swi tchable  between two channels by a  d ispatcher .  The channel p r i -  

m a r i l y  r e1  i e d  on i s  a  data channel , bu t  i t  can be remotely switched t o  a  

vo ice  channel, t h e  choice o f  which i s  determined by t h e i r  permanent r a t i n g  

s t a t i o n  assignment. Both channels are capable o f  c a r r y i n g  bo th  vo ice and 

da ta  t ransmiss ions i n  order  t o  prov ide f o r  t h e  r equ i r ed  system features,  

The veh i c l e  r ad ios  i nc l ude  both a  handset as an i n t e g r a l  p a r t  o f  t he  con- 

t r o l  head and an ex te rna l  speaker. The d i g i t a l  t ransmiss ion  scheme pro- 

v ides f o r  ex te rna l  veh i c l e  mon i to r ing  i npu t s  i n  a d d i t i o n  t o  t h e  r a d i o  con- 

t r o l  requ i  rement s. 

Under normal i d l e - s t a t e  condi t ions,  t h e  r a d i o  i s  l o g i c a l l y  se t  t o  a  

da ta  channel w i t h  an i n d i c a t o r  l i g h t  s i g n i f y i n g  t h a t  t h e  u n i t  i s  on. When 

t h e  veh i c l e  operator  requ i res  conversat ion w i t h  t he  d ispa tcher  he w i l l  ac- 

t i v a t e  a  swi tch t h a t  i s  marked as a "request - t o - t a l k '  sw i tch  and t he  lamp 

w i l l  be ext inguished. Th is  ac t i on  i s  recognized by t h e  l o g i c  c i r c u i t r y  and 

when t h e  channel i s  f r e e  i t w i l l  send t h e  f i r s t  o f  a  poss ib le  number o f  

t ransmiss ions i n d i c a t i n g  t h a t  t h e  " request - to- ta l  l(' f u n c t i o n  has been se lec t -  

ed. Once t h e  r a d i o  and l o g i c  has rece ived a  d i g i t a l  acknowledgement f rom 

t h e  cen t ra l  equi pment, t he  i n d i c a t o r  1  i g h t  wi 11 be r e i l l  uminated. The d i g -  

i t a l  message can then be rou ted  t o  t h e  appropr ia te  d ispatcher .  The d i s -  

2.  "Spec i f i ca t i ons  f o r  Bus RadioIManagement I n f o rma t i on  System," Mass. Bay 

Transpor ta t ion  Au thor i t y ,  October, 1976. 



patcher t hen  se lec ts  the  bus i d e n t i f i c a t i o n  and causes a  votce-enabl e  d i g i t -  

a l  message t o  be t r ansm i t t ed  t o  t he  appropr ia te  bus. Th i s  s igna l  i s  sent a  

number o f  t imes t o  increase t h e  p r o b a b i l i t y  o f  i t s  Being rece ived  and recog- 

n ized  by t h e  vehic le .  Inc luded i n  the  s ignal  are i n s t r u c t i o n s  t o  t h e  l o g i c  

c i r c u i t r y  t o  sw i tch  t he  r a d i o  t o  an open vo ice channel chosen by t h e  d i s -  

patcher.  When t h e  bus r a d i o  l o g i c  t ransmi ts  an acknowledgement back t o  t h e  

c e n t r a l  equipment, t a  vo ice channel buzzer-sounds i n  t h e  veh i c l e .  Th i s  - 

w i l l  i n d i c a t e  t o  t he  d r i v e r  t h a t  he can l i f t  h i s  handset and begin conver- 

s a t i o n  w i t h  t he  dispatcher.  

A t  t h e  end o f  the  voice conversat ion, t h e  d r i v e r  rep1 aces t h e  handset 

and t h e  d ispa tcher  causes a  d i g i t a l  message t o  be t r a n s m i t t e d  on t h e  vo ice  

channel, causing t h e  r a d i o  t o  r e v e r t  back t o  t he  i d l e  pos i t i on .  Th i s  mes- 

sage i 2  a l so  t r ansm i t t ed  a  number o f  t imes t o  again assure proper r ecep t i on  

by  t h e  v e h i c l e  equipment. When the  veh i c l e  r a d i o  l o g i c  rece ives  t h e  mes- 

sage and r e t u r n s  t o  t h e  i d l e  p o s i t i o n  it forwards an acknowledgment on t h e  

da ta  channel, thereby ending t he  " request - to- ta l  k'l procedure. 

While t h i s  system may seem a  l i t t l e  complicated, i t  i s  r e a l l y  in tended 

t o  reduce t h e  confus ion caused by m u l t i p l e  vo ice communications on a  s i n g l e  

channel . 
When t h e  d ispatcher  wishes t o  i n i t i a t e  vo ice  communications w i t h  a 

p a r t i c u l a r  veh i c l e  a  s i m i l a r  process i s  used. The d ispa tcher  enters  t h e  

v e h i c l e  i d e n t i f i c a t i o n  i n t o  t h e  cen t ra l  equipment, which causes a  d i g i t a l  

message t o  be t r ansm i t t ed  t o  t h e  vehic le .  Inc luded  i n  t h i s  message a re  

i n s t r u c t i o n s  t o  t he  veh i c l e  r a d i o  l o g i c  u n i t  t o  sw i t ch  t o  a  p a r t i c u l a r  

vo ice  channel. When the  veh i c l e  equi pment has compl i e d  w i t h  these i n s t r u c -  

t i o n s ,  i t sends an acknowledgment back t o  c e n t r a l  c o n t r o l  and sounds an au- 



dible buzzer in the vehicle. This will indicate t o  the driver that he i s  

t o  pick u p  the handset and cormunicate with the dispatcher. Once the con- 

versation i s  complete, the dispatcher will cause the radio t o  return t o  the 

idle s ta te  in the same manner as previously described. 

If the dispatcher transmits any voice audio with a coded squelch on 

any channel selected in the vehicle, and the handset i s  in the cradle, the 

audio can be routed to an auxilary speaker o u t p u t .  This feature can be 

useful i f  the vehicle radio f a i l s  t o  switch to  a voice channel or i f  the 

dispatcher wishes t o  speak t o  a l l  of the vehicles. The "all call" feature 

causes all  of the vehicle radios t o  switch t o  their  corresponding voice 

channel. The digital "all cal l"  transmission can be transmitted in the 

digital  channels under control of the central equipment. I t  i s  not neces- 

sary for the vehicle radio to acknowledge the receipt of the digital trans- 

mission for an "all call" situation and i t  need not be necessary for the 

audible buzzer t o  sound. After the announcement i s  completed, which will 
1 

have been heard through the auxiblfary speakers, the di-spatcher will transmit 

digital  messages on the voice channel that will return all  radios to the 

idle  state. 

The dispatcher a1 so has the option of performing a "selective a1 1 

ca l l "  whereby he can contact the vehicles on a particular route or in a 

specific area. This can be accomplished by install ing equipment that will 

allow the dispatcher t o  transmit a string of individual bus identification 

numbers. This would allow the di.spatcher1\s announcement t o  once again be 

routed t o  the auxiliary speaker. 

The bus radio logic package must a1 so be designed t o  hand1 e the func- 

tions o f  a1 arms and passenger counting. I n  the design o f  this  equipment i t  



will be necessary to  include the appropriate delay mechanism to prevent the 

transducers from forwarding a fau l t  message when the vehicle i s  s tar ted.  

Allowances must also be made to  keep the security alarm energized during 

periods of storage. 

The bus radio logic package must be capable of responding to  the poll- 

ing signal from the central equipment. Upon receipt of the poll ing trans- 

mission, the bus radio should respond with the entire contents of i t s  buf- 

fe r .  If the transmission from the vehicle i s  not received i t  will be nec- 

essary for  the central equipment t o  poll the vehicle again. I t  i s  often 

desirable to  make polling checks of those vehicles that are stored to check 

the security alarm sequence and the radio equipment. 

The type of digital  messages that might be expected t o  be transmitted 

between the vehicle and central control are l is ted below. 

Central Equipment 

Individual bus  voice channel enable 

Individual bus voice channel disable 

"A1 1 Call " voice channel enable ( n o  buzzer) 

"A1 1 Call" voice channel disable 

"Selective A1 1 Call" voice channel enable (no buzzer) 

"Selective All Call" voice channel disable 

"Group Call " voice channel enable (no buzzer-mu1 t i  p l  e 

individual ca l l s )  

"Group Call" voice channel disable 

Polling Signal - empties buffers 

Acknowl edgment 



Bus Radio Equipment 

Bus I d e n t i f i c a t i o n  

Request- to- ta l  k 

Mechanical A1 arms 

Covert Emery ency A1 arm 

I n s t r u s i o n  A1 arm 

Pol 1 i ng Response 

Acknowl edgment 

The rad ios  and systems i n s t a l l e d  should be capable o f  expansions t o  

i nc l ude  f u t u r e  poss ib le  requirements. Among these requirements might be 

odometer in fo rmat ion  and farebox rece ip ts .  

The d r i v e r  console o r  con t ro l  head used f o r  onboard readout  f a c i l i t y  

va r i es  according t o  t he  complex i ty  o f  t he  system. Those consoles c u r r e n t l y  

be ing employed i n  Toronto cons is t  o f  a 16-button keyboard f o r  en te r ing  data 

and precoded messages, an a1 phanumeric d i s p l  ay f o r  r e c e i v i n g  i n s t r u c t i o n s  

from cen t ra l  con t ro l ,  and f o u r  d i sp l ay  l i g h t s  f o r  d i s p l a y i n g  s ta tus  o f  

equipment being monitored by the  transponder. The 16 ?bu t ton  pad i s  con- 

f i g u r e d  s i m i l a r  t o  t h e  standard touch tone telephone numeric key pad, so 

t h a t  t h e  d r i v e r  i s  ab le  t o  use t he  key pad f o r  en te r i ng  numeric data such 

as h i s  i d e n t i f i c a t i o n  number and spec ia l  se rv ice  cond i t i ons .  The a1 phanu- 

mer ic  d i sp l ay  i s  used by t h e  c o n t r o l  cen te r  t o  prompt t he  d r i v e r  w i t h  ques- 

t i o n s  ensur ing t h a t  c o r r e c t  i n fo rmat ion  i s  entered i n t o  t h e  console. The 

design and p o s i t i o n i n g  o f  the  c o n t r o l  console was based on a survey o f  d r i -  

ve r  preferences and by t he  experience o f  both t he  German and Swiss t r a n s i t  



aut hori t y l  . 
The driver console in the Toronto system was designed for  hands-off 

operation coupled with a full duplex radio so as t o  enhance vehicle safety 

by leaving the driver free t o  concentrate on the road while talking in the 

radio system. An internal 1 y pre-amp1 ified magnetic handset microphone sys- 

tem can also be used for private conversations with the control center. 

The radio transceiver, which i s  in the transponder package, operates in 

fu l l  duplex on the UHF frequencies. This configuration resul ts  in l e s s  

noise and fewer probl ems of jammed channel s. 

The basic purpose of the driver console i s  t o  display and transmit 

relevant information with a minimum of driver effor t .  Function keys are 

u t i l  i zed whenever possible t o  a t ta in th i s  goal. Mobile digital  terminal s 

fo r  other users such as pol ice patrols require drast ical ly  different equip- 

ment. Those police departments that  are currently testing mobile terminals 

are using s tatus/ful l  text  terminal s which are comprised of 40-to-50 key 

keyboards2. 

1. Berney, L.G., e t .  a l ,  "Transit Communications and Information Systems,:' 

Tel imove Automated Vehicl e Moni to r i  ng Conference Proceedi ngs , September 

1976. 

2. Fujaros, R.G., "State-of-the-Art of Mobile Radio Data Systems for Po- 

l ice Users," Tel imove Automated Vehicle Monitoring Conference Proceed- 

i ngs, September 1976. 



The basic mobile vehicle equipment i s  available from a number of manu- 

facturers and can often be purchased requiring no modifications t o  the pro- 

duction model, This i s  dependent upon the number of functions that  i t  will 

be required t o  handle by the particular t rans i t  authority. The following 

paragraphs detail some of the specifications that should be required of the 

i ndi vidual components. 

Control head 

The t rans i t  vehicle control head should contain a specified number of 

indicator lamps according to  the operational concepts of the Transit Au- 

thor i ty ,  The following l i s t  i s  construed as the minimum number of indica- 

t o r  1 amps : 

Power on 

transmit 

request t o  talk function 

channel indicator 

While the indicators can be expanded upon, they should not become so 

numerous that  they create a confusing array to  the driver. An audible 

a l e r t  should also be provided for an indication of the "voice enable com- 

pletion ," The volume control should be located on an external face of the 

control head,whil e the squelch control can be 1 ocated internally. The vol- 

ume control should adjust both the handset and the auxilary speaker w i t h  no 

additional adjustment necessary when interchanging from one t o  another. 

When the volume control i s  set  t o  i t s  minimum, suff ic ient  audio should be 

heard through the speakers. 



The unit should be of rugged construction, be weatherproofed t o  pro- 

vide protection against water damage, and be easi ly  removed for  maintenance. 

A telephone type handset with a push to  talk button and armored cable has 

been found to be adequate in other installations.  The handset holder 

should provide positive hangup to prevent dislodging . 
The controlhead should be mounted t o  provide for convenient operation 

and vi s ib i l  i t y  of indicators. 

Power 

The radio system shall operate from a nominal 1 2  volt  D.C. source hav- 

ing ei ther  a negative or a positive ground. F i l te rs  and noise suppression 

devices are required t o  prevent interface to  the radio system from the ve- 

h ic le ' s  e lectr ical  equipment. 

The "power on" switch should be e lec t r ica l ly  bypassed. Power should 

be supplied to  the equipment through the vehicle's ignition switch. The 

radio and logic units should operate when the vehicle's master switch i s  in 

e i ther  the run or stand-by position. 

Equipment Housing and Installation 

The bus radio and logic units should be housed in a rugged, metal, wa- 

terproof enclosure. This encl osure should have no louvers or venti 1 a t i  on 

openings which may increase the problems of dust and moisture. Special at- 

tention should be expended t o  ensure that  the units and connecting hardware 

are vandal proof. 



Disp lay  L e g i b i l i t y  

I f  an e l e c t r o n i c  d i s p l a y  i s  used it should be e a s i l y  readable  by t he  

v e h i c l e  operator  from h i s  normal d r i v i n g  pos i t i on .  The d isp layed  charac- 

t e r s  should be a t  l e a s t  0.2 inches i n  he igh t  ( p r e f e r a b l y  l a r g e r )  and meet 

a1 1  r eadab i l  i t y  and l e g i b i l  i t y  requi  rements f o r  veh i c l e  opera to rs  o f  a1 1 

ages, some o f  whom may have t h e  need t o  use b i - f o c a l  lenses. A system in -  

s t a l l e d  i n  Rochester, New York, had characters  o f  approx imate ly  0.11 inches, 

r e s u l t i n g  i n  numerous compl a i  n t s  form v e h i c l e  operators  t h a t  t h e  charac te rs  

were no t  l a r g e  enough. 

D i s p l a y  V i s i b i l i t x  

The veh i c l e  te rm ina l  d i  sp1 ay, i f  used, should have s u f f i c i e n t  b r i g h t -  

ness and con t ras t  so as t o  be readable under normal d a y l i g h t  cond i t i ons  

w i t h  appropr ia te  sh i e l ds  i f  necessary t o  reduce extraneous ou t s i de  g l  are. 

S i gna l i ng  R e l i a b i l i t y  

The goal f o r  s i g n a l i n g  re1 i a b i l  i t y  should be a  99% p r o b a b i l i t y  o f  er-  

r o r  f r e e  recep t ion  o f  a  d i g i t a l  messages by t h e  v e h i c l e  components. 

The hardware components necessary f o r  an onboard readou t  f a c i l i t y  i s  

commercial ly a v a i l  able. The use o f  such equipment i n  law enforcement areas 

has demonstrated t h a t  t h e  equipment operates as in tended w i t h  minimal com- 

ponent f a i l u r e .  The pub1 i shed  r e p o r t  papers i n  t h i s  area do no t ,  however, 

p rov i de  q u a n t i t a t i v e  data regard ing  maintenance and re1 i ab i  1  i t y  problems. 

However the manufacturers o f  t he  va r ious  components p rov i de  maintenance 

guide1 ines,  t h a t  can gene ra l l y  be f o l l  owed by e x i s t i n g  t r a n s i t  personnel. 

The cos t  o f  such a  feature ( onboard readout f a c i l i t y )  i.5 an fncrey 

mental cos t  f o r  an automatic v e h i c l e  mon i to r ing  system. The s t a t e  o f  t h e  



a r t  has not establ i shed the distinguishable cost-benefi t cr i ter ia  for such 

a system in public transi t  applications. 

The potential for such a system i n  public t ransi t  application seems 

good. I t  i s  quite possible t o  have a system which handles not only public 

t rans i t  b u t  a1 so emergency vehicles. The aid to t ransi t  passengers and ef- 

ficiency of the vehicle operation has not been measured quantitatively, b u t  

the s ta te  of the a r t  indicates the value of this  system in public t ransi t  by 

using qua1 i ta t ive  evaluations. 
. . -  . . - 

CONCLUSIONS - 

The following conclusions can be made from a review of the s ta te  of 

the a r t :  

1. The use of onboard capability in public t rans i t  systems i s  feasible. 

2. The hardware components are available in the market. 

3 .  The system i n  most cases needs t o  be p u t  together, especially since 

the compatibility and specifications of each system may vary. There 

are various system houses as well as equipment manufacturing com- 

panies available to perform thi's task. 

4. The benefits t h a t  can be derived o u t  of a system include assistance 

to vehicle operations, passengers, increased confidence among the 

passengers, and systematic surveillance from the control center. 

5. The incremental costs are not significant i f  an automatic vehicle 

monitoring system i s  used in a community. 



X I .  REAL TIME DATA DISPLAY 

Real time data display in t rans i t  applications of AVM systems i s  useful 

t o  the vehicle operators, t rans i t  dispatchers,and the t r ans i t  passengers. 

Information i s  provided t o  the appropriate user by the dispatcher by using 

a variety of display techniques. The displays are varied i n  the i r  physical 

configuration and usually take the form of wall maps or displays, cathode ray 

tubes, passenger signs, and performance audit$. 

The acquisition of the data necessary for  the displays i s  obtained from 

the vehicle sensors, passenger counters, alarms, and vehicle 1 ocation. O u t -  

puts from the system are available in real time or as close to  real time as 

the pol 1 ing schedule will a1 low. Information immediately benefitial to  

particular t rans i t  segments can be channeled directly and displayed immed- 

iately.  Off-1 ine outputs can be used to  portray information that  has no 

immediate use; such as t rans i t  productivity, on a systematic schedule t o  

schedul ing , operations management, planning , and  analysis personnel of the 

t rans i t  authority. 

Central Displays 

The availabili ty of space and design f l ex ib i l i t y  that  i s  possible in the 

planning phase of dispatcher base stations makes feasible 1 arge-screen pro- 

jection, cathode ray tubes, and 1 arge, wall maps. Considerations' of overall 

u t i l i t y ,  cost,  f l ex ib i l i t y ,  and maintainability lead t o  the choice of a CRT 

system, because i t  i s  capable o f  del ivering the desired functional capabil i t y  

most effectively. CRT display system can be responsive t o  current needs: 

they are extremely flexible and easily adaptable t o  changing operational 

procedures and future requirements. 



A system offered by Teledyne Systems consists of graphic CRT terminals 

that  can be used to display alphanumeric characters and or maps of an area or 

route.' The terminal s have alphanumeric keyboards that enable the operator 

to  manually place any desired message on the display , such as occurrence time 

of events or  special messages. 

During operation each controller has a graphic terminal, consisting of a 

CRT display, a l igh t  pen,and a data entry keyboard. One possible manner i n  

which this  equipment could be uti l ized i s  for  the computer to  generate a map 

of an area or route. The controller can choose to have the map scaled to 

view only a portion of the area or route under consideration. On t h i s  map 

will be displayed the vehicle identification number a t  the map location of the 

f ie ld  unit. The position of these vehicles. can be automati cally updated .on 

the map by the vehicle locating and monitoring system. The con,troller may also 
- -  - - --  d* 

manually move any f ie ld  u n i t  location w i t h  his l igh t  pen wand. To acdomplish 

this  he merely points the wand a t  the symbol or  vehicle identification number 

he wishes to a l t e r ,  presses the b u t t o n  on the wand, moves the symbol to  the 

new spot,and releases the button. 

If desired,the s ize of the map can be reduced and the resulting margin 

used as a menu 1 i s t .  For example, when the dispatcher i s  informed of an inci= 

dent, such as an accident, he would hold the l igh t  pen over the A symbol, press 

a b u t t o n  'on the pand,and move i t  to  the proper location on the map. When 

the button i s  released an A will be displayed on the map a t  th i s  spot. If  

the incident i s  not yet resolved, i t  may be so indicated by a blinking 1 ight. 

1 "Bogota Automatic Vehicl e Location System," Tel edyne Systems Company, 
July, 1976. 



This would be accomplished by moving the wand t o  the blink symbol, pressing 

the b u t t o n  and moving i t  t o  the A,and releasing the button. A description 

of the incident and identifying data i s  entered into the data block ,using 

the keyboardsand the wand i s  used t o  position the data block near the map 

location. When the incident has been resolved the symbol A and the data block 

can be removed with the wand. This use of the wand allows the dispatcher to 

use various techniques to indicate priorit ies (bl ink and brightness control s )  

and t o  apply them as the situation warrants. The variety of alphanumeric 

characters that can be used by the wand i s  only restricted by the limits of 

the computer . 
I n  an AVM-system init iated by General Motors in Cincinnati, CRT displays 

were used to convert AVM derived data into a wide variety of information for- 

mats. A few of these displays are discussed i n  a General Motors pub1 ication + 

and are presented below. 1 

a. Emergency and mechanical alarm information i s  available to show 
the current alarm status of the f l ee t .  These alarm status displays 
are correlated by coach number, operator number, geographic position, 
and other factors relevant t o  the dispatching of emergency aid. 

b .  Coach availabili ty audits are continuously available to aid in 
the coach deployment or redeployment process. These audits may in- 
volve interactive inputs from coach staging areas which input data 
t o  the system from remote locations. A mu1 ti terminal network 1 inking 
coach staging areas t o  Central Control provides the dispatcher with 
timely and accurate information for  handling coach breakdowns. 

c. Schedule adherence summaries are available for display ei ther  in 
a "by the coach summary" form or on a routewide basis correlated by 

1. "Urban Transportation Laboratory, A Progress Report ," GM Transoorta- 
tion Systems, May, 1978. 



route number. Displays are also available which show a tabulation of 
coaches that  are in violation of their  service schedules. 

d .  CRT displays can also be provided which replace headway reference 
manuals. Schedule or headway sheet data organized along routes or by 
block number are avai lab1 e for instantaneous reference. 

e. The system i s  designed to handle conversational inquiries into data 
bases which protray present or past status summaries of f l e e t  opera- 
tions. The system can be programmed to support custom designed dis- 
patcher operation aids accessibile by keyboard entr ies  of the CRT 

terminal . 
These and other real -time CRT displays dhich e i ther  use the real - 

time AVM acquired data or off-l ine data f i l e s  can be tailored to  the 
appl ication. The dispatcher, w i t h  instant two-way radio contact 
available to  him, can execute a broad range of s t rategies  of coach 
control based on the real -time status information the AVM System 
i s  supplying to him.  In addition to providing both global and micro 
views of t rans i t  status for  f l ee t  control, the AVM System i s  also 
designed to control and monitor a1 1 of the voice protocol necessary 
for voice communications. Communication discipline i s  more easily 
managed when the AVM System i s  used as a protocol device i n  support 
of t rans i t  voice communications events. 

For supervisory and higher control purposes i t  i s  possible t o  ins ta l l  re- 

peater CRT displays identical to  those a t  the controller stations b u t  with- 

out the input devices. This will al low the supervisory personnel to select  

a display being viewed by any of the controllers. An arrangement such as th is  

can reduce decision time for unusual incidents and serve as a safeguard against 

incorrect actions on the part of the controllers. 

Experience in Toronto has demonstrated that  color CRT are very cost 

effective. The use of color serves to  reduce the visual and mental fatigue 



o f  the  c o n t r o l l e r s .  I n  a d d i t i o n  t o  t h i s  advantage, t h e  exped i t i ous  use o f  

c o l o r  can h i g h l i g h t  and emphasize . p a r t i c u l a r  rou tes  o r . i n c i d e d t s .  For ex- . 

ample, s i l e n t  alarms can appear as f l a sh inq  red, which would a i d ' i n  p reven t ing  

the  s i gna l  f rom being i n a d v e r t e n t l y  d isregarded.  

D i sp l ay  t e rm ina l s  a re  a1 so o f  advantage t o  t h e  v e h i c l e  d r i  v e r y  a1 though 

n o t  t o  any g r e a t  e x t e n t  f o r  f i x e d  r o u t e  t r a n s i t  systems. The l a r g e s t  advantage 

o f  mob i le  CRT's a re  i n  random-route t r a n s i t  a p p l i c a t i o n s ,  po l  i c e  and emer- 

gency serv ices .  When used i n  r a i ~ d o m ~ r o u t e  a p p l i c a t i o n s  a1 phanumeric messages 

p e r t a i n i n g  t o  passenger p ickup p o i n t s  and r o u t e  d i r e c t i o n s  can be t r a n s -  

mi t t e d .  Th i s  can f a c i l i t a t e  s e r v i c e  and reduce passenger w a i t  t ime.  

Wall Maps 

Automated w a l l  maps a re  an e f f e c t i v e  means o f  g i v i n g  a  g l oba l  v iew o f  t h e  

t r a n s i t  system. I n  a d d i t i o n  t o  p r o v i d i n g  a  g raph ic  r e p r e s e n t a t i o n  o f  t h e  

t r a n s i t  rou tes  ,it a c t s  as an impress ive pub1 i c  r e l a t i o n s  ins t rument .  V i s i t o r s  

a re  f r e q u e n t l y  impressed when v iew ing  a  l a r g e ,  il luminated,  mu1 t i - c o l o r e d  

d i sp l ay .  

The automated map i s  u s u a l l y  mounted on t h e  f r o n t  w a l l  o f  t h e  d i spa t ch  

s t a t i o n  and au toma t i ca l l y  r e p o r t s  t he  f l e e t  s t a t u s  by t h e  use o f  co l o red  

i n d i c a t o r s  and v a r i a b l e  message s igns.  The v a r i a b l e  message s i g n  can be p ro -  

gramed, t o  d i s p l a y  excessive de lays o r  unusual i n c i d e n t s  on t h e  rou tes  be ing  , 

con t ro l l ed .  Spec ia l  symbols can be used t o  i n d i c a t e  t h e  d i r e c t i o n  o f  t r a v e l ,  

locat ion,and i d e n t i f i c a t i o n  number o f  those t r a n s i t  v e h i c l e s  t h a t  a re  behind 

schedule. Whi le t h i s  i n f o rma t i on  i s  n o t  as comprehensive as t h a t  a v a i l a b l e  

on t he  i n d i v i d u a l  CRT's, t he  w a l l  map d i s p l a y  serves t o  show o t h e r  t r a n s i t  

management observers and v i s i t o r s  t he  genera l  system s t a t u s .  

Another o p t i o n  t h a t  can be used t o  c r e a t e  a  dynamic w a l l  s i g n  i s  t h e  



General Dynami cs Large Screen Projector Di spl ay Model 303A. These un  i t s  , 

i n  use fo r  a i r  t r a f f i c  control and tactical control displays, a re  an 

excellent means of providing group viewing. The approximate cost of $50,000 

i s ,  however, a major drawback to the i r  use. This cost does not include the 

cost of a display generator, b u t  the same display generator tha t  i s  used for  

the control ler '  s displays can be used to  drive the projection display. The 

major advantage to th i s  system i s  that  the wall display can be more comprehen- 

sive than the method previously discussed and can display essent ial ly  the 

same information as the controllers display. 

Two additional concepts are available using a s l ide  projector. One of 

these concepts i s  s t a t i c  and the other dynamic. The s t a t i c  image i s  created 

by changing s l ides  when a different  route or sector needs to  be displayed. 

The s t a t i c  image can be created by using the s l ide  projector to  display the 

map on the wall or  screen, The dynamic data would be generated by the 

computer in the display system and would be projected on top of the map image. 

Any information stored i n  the computer could be displayed. 

Passenqer Message Siqns 

The real beneficiary t o  a comprehensive system is the t r a n s i t  passenger. 

Five* status transmissions from the t r ans i t  vehicle can be transmitted to  a 
- . -  

: electronic p r o c e s s ~ ~  which can manipulate a variable message sign informing wait- 

: ing passengers of pertinant information. Information concerning seating avai 1 abi- 

l i t y ,  expected arrival time, time to the next vehicle,and any other messages tha t  
..- . 8 

the t r ans i t  operator may wish t o  relay,can be forwarded to passenger shel ters  

or other terminal 1 ocations on the route. Messages concernbg trailsfer points 

w i t h  other 1 ines along the route can be displayed to aid the passengers in 

planning their  trip. I t  i s  possible for  the variable message signs t o  have a 



commercial value as well as an aid to the passenger. Time could be leased 

to advertisers and the message integrated w i t h  the operational software for  

the real -time displays. In th is  manner, commercial messages, weather reports, 

actual tirne,etc. ,can be transmitted when the sign i s  not being ut i l ized fo r  

t r ans i t  needs. 

General Motors expanded the variable message sign concept to  render a 

service which was termed *bus  finder,'* This involved including a small route 

map display shown in conjunction with a variable message sign. These signs 

were located in passenger she1 te rs  or other high t r a n s i t  ac t iv i ty  areas. The 

passengers obtained information via a text  message on how long i t  would be 

before his bus arrived a t  his location by pushing a button adjacent to  his 

route number on the display. The map display was also equipped with some LED'S 

to depict, the zone tha t  his bus was presently i n .  

Variable message signs are  also useful for  onboard applications. The on- 

board message systems can allow the controller to  make special announcements, 

notify passengers of route changes, explain delays, discuss t ransfer  connections 

etc., without having to f i r s t  contact the driver.  This system can serve t o  

reduce the work load of the driver by preventing passenger questions and there- 

by allowing the driver t o  spend more time on his primary task of piloting the 

vehicle. , 

Transmissions of coded data are  generally handled by a electronic . 

processor over voice grade telephone lines.  The display media i t s e l f  can 

be fabricated from lamp bulbs, rotating drums, e l ec t ros t a t i c  flags,and 

electromagnetic flags.  Consideration must be paid to  how elaborate the 

device need be. Options such as color schemes, sizesand animated displays, 

for  exampl e,can affect b o t h  the purchase and operating costs.  



El ectromagneti c display signs have defini te  advantages i n  terms of: 

1. operational cost 

2 .  ' mai ntenance 

3.  energy conservation 

4. overall weight 

5 .  weatherproofhg 

6. vandal proofing 

The electromagnetic sign consists of round elements tha t  are  colored on 

one side and black on the other. Each element i s  rotated, under control of 

the microprocessor, unti 1 the correct combination of colored and black el e- 

ments displayes the desired message. Once s e t  in the oriented position, . 

the mechanism needs no additional power to retain i t s  message. Thus, addi- 

tional power i s  not needed u n t i l  the message needs to  be changed. This set/ ,  

reset  characteristic reduces the power consumption of the device. In addition, 

solar energy transducers are available that  allow the device to  use so lar  

energy in l ieu of electrical energy during hours of suff ic ient  day1 ight.  - 

CONCLUSIONS 

Passenger message signs a t  terminal areas are  a highly effective and 

low-cost means of substantial ly improving the perceived level of service 

offered by bus t r ans i t  authorities. Experience gained from a bus information 

system ini t ia ted by the Mississauga Transit ~ u t h o r i  ty I n  Canada demonstrates 

that  considerable operating economics can be made by keeping the passenger 

better inf0rmed.l This i s  accomplished by changing the t radi t ional  

I .  "Progress Report No. 2 on Demonstration of Automated Bus Passenger 
Information System (ABPI) ; I L  Urban Transportation Research Branch, 
Canadian Surface Transportation Administration, February, 1977. 



image of t r a n s i t  by making the user and potential user an ac t ive  participant 

in the service rather than a passive victim of i t .  By keeping the passenger 

informed he can use the bus in much the same manner as he i s  accustomed to 

using taxi-cabs. Increases in riders h i p  were experienced in Mi s s i  ssauga 

especially during inclement weather,when the passengers a re  often exposed to  

the environment and do not know when the next t r ans i t  vehicle will' arrive.  

Table 9 presents a sample of the displays tha t  are  available i n  a fourth- 

generation vehicle monitoring system. 

The data displays available to  the central control location provide the 

means to  meet the dynamic conditions that confront a t r a n s i t  authori tydai ly.  

The continual need to  change pr ior i t ies  in order to  meet the variety of specif ic  
. , 

transportation problems on any individual route are  of an unpredictable nature. 

This necessitates that  the control 1 ers and supervisors possess the abil  i ty  t o  

make rapid decisions based on accurate and timely data. The ava i l ab i l i t y  of 

th i s  pertient information i s  expedited by the expeditious choice of data 

display hardware. 

In addition of the u t i l i t y  of the data displays, they can serve as an 

impressive public relations tool.  This i s  especially t rue  for large multi- 

colored map and s tatus  displays, 



Commands. The commands display, located on the central display 
screen, indicates requests to  ta l  k ,  vehicle communications queues, 
emergencies, commands t o  vehicles, information requests from 
vehicles,. telephone communication and inspector commands t o  the 
computer system. The Commands display would be the main opera- 
tional display for  the interactive control system. 

Headway displays are of the Paris type which enables the inspector 
t o  visually, inspect graphic 1 ines for  evenness of headways of 
vehicles on a route. This display i s  most useful on low headway 
routes, during rush hours, and i n  the downtown area where main- 
tenance of headways i s  more important than maintenance of 
schedul es . 

Schedule - Zurich. Schedule display i s  of the type used in Zurich 
i n  which the graphical representation indicates adherence t o  a 
predescri bed schedul e .  

This display i s  most useful con'trolling routes i n  suburban areas 
where maintenance of a fixed timetable i s  of prime importance. 

Schedule - Dublin. A schedule display can also be based on the 
Dub1 in version of route time display a1 though th is  does n o t  give 
as graphical a representation of schedule adherence. This Schedule - 
Dublin display is most effective fo r  schedule maintenance on  routes 
where there are  a large number of vehicles, whereas the Zurich 
schedule display appears t o  be more effective for  the larger 
headway routes with lower numbers of vehi cl es. 

Load Profile.  The load profile display i s  a bar chart  indicating 
vehicle loading a t  that  instant i n  time fo r  an en t i re  route. This 
information: would be most usefu? t o  a controller manually t r s n g  to  
readjust vehicle allocation from areas of low loading to  areas of 

. h i g h  loading. 

Table 9. Example of Displays Available 

3erney, L. G . ,  e t  a1 :, "Transit Communications and Information Systems," 
Tel imove Automated Vehicle Monitoring Conference Proceedings, September, 
1976. 



Table 9 - Example of Displays Available (continued) 

Where. The Where display gives the exact location of each bus on  
the route in terms of a number of f ee t  past a par t icular  spot. 
Thi s i s  most useful to an inspector who i s  trying t o  identify the 
exact position of vehicles i n  a queue. 

InfC.%ation - Drivers. The Information - Drivers display contains 
pertinent information on vehicle drivers on a route. For example: 
the system displays driver badge, driver name, years of service,  
hours worked during the week, ava i lab i l i ty  for  overtime. 

Information - Vehicles. Information - Vehicles display contains 
general information and the particulars of vehicles running on a route 
including vehicle technical identification number, driver badge 
number, route number, r u n  number, radio channel, exact locat ion,  ' 

adherence to  schedul e. 

Information - Route. Information ?Route contains a display of in- . 
formation pertinent t o  operation of  routes ,  including route number 
route name, number of vehicles, number of runs scheduled, number 
of runs operating, schedule adherence, passenger loads, e tc .  

Information - General. The Information - General display i s  an 
overa77 systems sumary of a11 the vehicles in the CIS system. I t  
contains a l l  information avail abi e in the Information Drivers, 
Vehicles, and Routes displays. This display could be y t i ' l  +zed by 

senior management to obtain the s ta tus  of the complete system a t  
that  time. 

M2. The Map display, similar to one developed in Rristol , i s  a 
detailed geographic position o f  vehicles on a route. While such a 
display i s  not of prime use for  route supervision, i n  cases of 
emergency i t  may be useful i n  directing emergency vehicles to  the scene, 



X I  I. DIGITAL DATA HARDWARE 

Avai 1  ab le  d i g i t a l  data hardware has increased s i g n i f i c a n t l y  i n  t h e  

pas t  decade. When the  Tornoto T r a n s i t  Commission was implement ing i t s  AVM 

system i n  1973, t he re  were no e x i s t i n g  devices r e a d i l y  a v a i l a b l e  on t h e  

market t h a t  would cos t  e f f e c t i v e l y  p rov ide  t h e  more comprehensive communi - 
ca t i ons  capabi 1  i ty  requ i red .  Therefore,  t h e  Toronto T r a n s i t  Commission 

was r e q u i r e d  t o  develop i t s  own E l e c t r o n i c  Processor as an onboard u n i t  

f o r  each v e h i c l e  t o  mon i t o r  and c o n t r o l  communications, l o c a t i o n ,  passenger 

count ing, and o t h e r  i n fo rma t i on  devices. Dur ing 1974-1 975, they developed 

and b u i l t  p ro to t ype  equipment, acqui red hardware components f rom va r i ous  

suppl i e r s  , and assembled ac tua l  t e s t  equipment. Today numerous manufacturers  

have cons t ruc ted  and t es ted  t h e i r  equipment i n  var ious  appl  i c a t i o n s .  They 

w i  11 modi fy  t h e i r  product  i o n  models t o  hand1 e  t he  p a r t i c u l a r  eng ineer ing  

requirements o f  t he  purchaser. Many manufacturers w i l l  he lp  t h e  purchaser  

p l an  and s e l e c t  t h e  equipment t h a t  i s  c o r r e c t  f o r  t h e  p a r t i c u l a r  app l i ca t i on . .  

Standard devices f o r  mob i le  i n s t a l  l a t i o n  range from s i u p l e  au tomat ic  

veh i c l e  i d e n t i f i e r s  t o  data te rmina l  s  which i nc l ude  p r i n t e r s  and g raph i c  

d i s p l a y  cathode r a y  d i s p l a y  tubes. Contro l  cen te r  equipment ranges f r om b a s i c  

record ing  and d i s p l a y  equipment t o  compl ex t e rm ina l s  t h a t  switcR and c o n t r o l  

i n fo rmat ion  from m u l t i p l e  r a d i o  channels and data sources. The d i scuss ion  

of d i g i t a l  data hardware can bes t  be accomplished by cove r i ng  mob i l e  and 

c o n t r o l  cen te r  d i g i t a l  hardware separa te ly .  

Mobi le  D i g i t a l  Hardware 

The mob i le  equipment b a s i c a l l y  cons i s t s  o f  four  elements: v e h i c l e  

l o c a t i o n  i d e n t i f i e r ,  communication t r ansce i ve r ,  d i g i t 4 1  i n t e r f a c e ,  and 

data head. 



e Location iden t i f i e r ,  The specific particulars o f  vehicle location 

ident i f iers  are dependent upon the specifi'c locational technique 

employed ( i  .e. ,signpost, radio frequency, dead reckoning, etc.  ) . 
The u n i t  usually has no operator controls and i s  factory adjusted 

to operate properly over the tactical area. I t s  output i s  in digi ta l  
- . .  - _ . . .  _ . . . . A  , . .. . 

form and i s  usually supplied to  a digi ta l  interface. In some systems 

the digi ta l  interface i s  an integral part of the locational ident i f ie r  . I 

u n i t .  

Communication transceiver. The communications system i s  the means of 

transmitting the data gathered on the vehicle t o  the  control center. 

Many vehicle f l ee t s  are a1 ready equipped w i t h  radios fo r  voice com- 

munication. If  t h i s  i s  the case, i t  can represent a s ignif icant  

savings when the costs of implementing an AVM system are considered, 

This i s  because i t  i s  usually a simple matter t o  impress the digi ta l  

information on the vehicle radio w i t h  barely noticeable e f fec t  on 

normal voice communications. A typical digi ta l  transmission requires 

less than one-one thousandth of a second,which i s  of no consequence 

t o  normal conversation. I f  the vehicle f l e e t  i s  not equipped w i t h  

two way radios, i t  i s  usually possible to  select  a u n i t  which i s  optimum 

for voice as well as digi ta l  transmission. 

Digital interface. This module i s  the logic box-the'brains o f  the 

mobile system. I t  contains the major portion of the electronics i n  

the mobile data package. The module provides automatic control of 

the communication transceiver, encodes and decodes data messages, 

contains logic f a c i l i t i e s  for  selective signa7 i n g  and automatic s ta -  

t i o n  identification,and performs various t iming  functions which are  



r e q u i r e d  du r i ng  opera t ion  o f  t he  system. This  i n f o r m a t i o n  i s  coded 

and p u t  i n  the proper  format  f o r  t ransmiss ion .  t o  t h e  c o n t r o l  cen te r  

v i a  t h e  veh i c l e  rad io .  Th i s  u n i t  has no opera t ing  c o n t r o l s  and 

i s  ad jus ted  a t  t he  factory .  

Data Head. Th is  i s  t he  u n i t  t h a t  a l lows the  ope ra to r  t o  i n p u t  i n t o  

t h e  system. The r a d i o  handset and r a d i o  ope ra t i ng  c o n t r o l s  may be 

i n t e g r a t e d  i n t o  t he  unit,making i t  poss ib le  t o  l o c a t e  t h e  two way 

r a d i o  remotely.  The purpose and opera t ing  c h a r a c t e r i s t i c s  o f  t h i s  

u n i t  have been p rev ious l y  discussed i n  Sect ion X. 

Appendix I conta ins t he  techn ica l  s p e c i f i c a t i o n s  f o r  a  mob i le  

d i g i t a l  te rmina l  suppl i e d  by t h e  Garland D i v i s i o n  o f  E-Systems. 

Whi le t h i s  te rmina l  i s  designed t o  be u t i l i z e d  by p o l i c e  pa t ro ls ,  t h e  

brochure demonstrates t he  many f unc t i ons  t h a t  can be performed by 

mob i le  te rmina ls  wi th .  equipment t h a t  i s  a l ready  on t he  market. 

Control  Center Hardware 

The c o n t r o l  cen te r  i s  the  f o c a l  p o i n t  o f  a l l  AVM a c t i v i t y .  I npu t s  t o  

the  c o n t r o l  cen te r  a re  data r e p o r t s  i n  d i g i t a l  form from t h e  v e h i c l e  f l e e t ,  

vo ice communications as necessary from t h e  v e h i c l e  operators,  and command 

i n s t r u c t i o n s  from t h e  c o n t r o l  cen te r  operators .  Th i s  da ta  i s  handled by t h e  

use o f  computers and magnetic tape u n i t s .  The p r imary  purpose o f  t h e  mag- 

n e t i c  tape u n i t  i s  t o  p rov ide  an accurate reco rd  o f  day-to-day a c t i v i t y  t o  

be used i n  opera t iona l  eva lua t i on  and s t a t i s t i c a l  s t ud ies .  

Contro l  console, The c o n t r o l  console p rov ides  t he  i n t e r f a c e  between 

t he  d ispa tcher  and t h e  AVM system e l e c t r o n i c s .  It c o n s i s t s  o f  a  

comrnuni ca t i ons  panel , an AVM c o n t r o l  panel, and a  d i s p l a y  panel. 



The communications panel can be designed for  each particular 

application. I t  contains the radio controls that  enable the dis- 

patcher t o  receive and identify incoming ca l l s  as we1 1 as to  call 

specific units in the f ie ld.  The size and complexity of these 

panels vary with the number of units operating , b u t  a l l  tend t o  f a l l  

in t o  standard component arrangements. Mi crophones, headset or 

speakers, and other standard i tems of regul a r  voice comuni cati  ons 

are a part of this  equipment. Those operations that  are  ut i l iz ing 

two-way communications with the vehicle f l e e t  probably already have 

comrnuni cati  ons panel s in operation. 

The most noticable impact on this  equipment resulting from 

integration with A V M  system i s  the reduction in voice messages due t o  

the digital  data transmission capability. A small keyboard i s  used 

to select  a "canned message" and t o  cause a standard message to be 

transmitted in digital  code. Confirmation i s  also digi ta l  and 

available to the dispatcher automatically as soon as the receipt of 

the message i s  acknowledged by the vehicle operator via a pushbutton 

depression. This reduces the need for actual voice communication 

and increases the amount of t r a f f i c  that a single dispatcher can 

handle. The small keyboard used to communicate with the vehicles may 

be a part of the comunications panel or of the display panel. A 

discussion of the display panels for central control i s  presented in 

Section XI. 

Electronic Processors.. The computer i s  programmed by operational 

software to periodically accept data from the t r ans i t  f l e e t  and to  

present this  data as directed t o  display panels ,off  1 ine printouts,  



magnetic tape,or internal storage. A variety of software packages 

can be integrated with the operational software to use the available 

data in many other areas of t rans i t  operations. In addition t o  

providing real -time communications and vehicle tracking , the computer 

can be used t o  automatically log and time-tag a1 1 data associated 

w i t h  measuring vehi cl e productivity. Management summaries designed 

to portray daily operations [from this  point of view of showing 

correlations and aggregations of t ransi t  performance across months 

and even year$ are possible using data stored and analyzed by the 

computer. I n  addition, many of the mundane functions, routine decisions , 
and remedial comands can be handled by the computer, thereby increasing 

the t r a f f i c  that can be handled by the dispatchers. 
\ 

Digital Interface, The digital  interface unit employed a t  the comand 

center demodulates the digital  information transmitted from the 

vehicles. All ingoing and outgoing messages from the command center 

flow through this  uni t,which automatically performs message conversions, 

priority analysis, error checks ,and status reporting. The u n i t  checks 

incoming messages for  duplicates and transmission errors and presents 

the error-free messages to the computer. 

Digital Line Printer, These devices print messages on paper tape and 

can distinguish the type of message by selective printing 'o r  including 

a special character. Emergency transmission, such as s i l en t  a1 arms, 

can be printed in red. They are available w i t h  an internal timing 

mechanism t o  enable them to keep an immediate log of a l l  communications, 

whether emergency or routine. Real -time and message data can be 

printed for base and mobile transmissions. 



The " d a i l y  tape" a i d  the d ispa tcher  and,management by 

supp ly ing  an ongoing record  f o r  managing the  system and conduct ing 

ana l ys i s .  Dur ing emergencies the p r i n t e r  1  i s t s  messages t h a t  may 

be missed i f  the  d ispa tcher  i s  busy o r  away from t h e  te rm ina l  and 

e l  iminates t he  d i spa t che r ' s  r e c ~ r d ~ k e e p i n g  du t i es .  

A t y p i c a l  AVM b lock  diagram i s  shown i n  F igure  10. Whi le  t h i s  w i l l  va ry  

i n  d e t a i l  f o r  p a r t i c u l a r  app l i ca t i ons  and l o c a t i o n  techniques, i t  represents  

the major components o f  t h e  system. 

- CONCLUSIONS 

S i g n i f i c a n t  advances have been made i n  t he  e l e c t r o n i c  technology 

necessary f o r  AVM systems du r i ng  t he  past  decade. T r a n s i t  a u t h o r i t i e s  t h a t  

a re  contemplat ing i n s t a l l i n g  an AVM system today a re  n o t  p laced  i n  t h e  pre-  

dicament o f  cons t ruc t i ng  t h e i r  own equipment,as Toronto was i n  1973, Today 

there  i s  a  v a r i e t y  o f  equipment a v a i l a b l e  from a  number o f  manufacturers 

t h a t  can e i t h e r  be purchased from t h e  s h e l f  o r  custom made. 

Technical ass is tance  i s  avai  1  ab le  from these manufacturers i n  des ign ing  

the  o v e r a l l  system and t a i l o r i n g  the  i n d i v i d u a l  e l e c t r o n i c  components t o  

perform presc r ibed  tasks.  They a l s o  have t r a i n i n g  programs t o  a i d  t h e  t r a n -  

s i t  personnel i n  making t he  t r a n s i t i o n  from manual techniques t o  r e a l  t ime  

data con t ro l .  

Before making any c ~ m i  tment t o  any p a r t i ~ c u l  a r  AYM conf ikgurati:on it 

would be advantageous f o r  key personnel t o  v i s i t  a  l o c a t i o n  t h a t  has r e c e n t l y  

implemented an AVM system. F i r s t  hand observa t ion  o f  the system l a y o u t  and 

personal con tac t  w i t h  i n d i v i d u a l s  w i t h  imp1 ementat ion exper ience cou ld  g i v e  

an i n s i g h t  i n t o  t he  problems t h a t  m igh t  be encountered. Th i s  knowledge would 

be b e n e f i c i a l  i n  choosing t h e  equipment bes t  s u i t e d  t o  s a t i s f y  t h e  needs o f  

t he  t r a n s i t  a u t h o r i t y .  
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1. E-SYSTEMS MDT-800 DESCRIPTION 

The MDT-800 provides reliable and secure digital 
communications, via existing voice grade radio equipment, 
for fast and accurate status update of mobile fleets, direct 
access to selected remote data base files, dispatch, and in- 
formative messages to field forcestand external interface 
capabilities with such devices as mobile printers and Auto- 
matic Vehicle Location systems. Key features of the MDT-800 
include : 

Visibility in Direct Sunlight 

Heads up Display for: 

Ease of Operation and Viewing 

0 .  Greater survivability in crash over the 
hump mount configurations. 

Ease of Right Door Egress for Driver 

Made for Policemen; not computer operators 

Ease of Removal, Replacement & Maintenance 

Heat and Humidity Tolerance 

Speed of Operation 

SPEC1 FlC DESIGN SPECIFICATIONS 
A. Physical 

' The MDT-800 has a modular design to ease main- 
tenance and minimize the equipment congestion in the front 
seat. As a result of this design philosophy, the keyboard/ 
display module is separated from the control processor. By 
placing the bulk of the electronics in a separate package, 
the keyboard/display is a smaller, more effectively maintained 
package. 

The display/keyboard module consists of the dis- 
play, alphanumeric keyboard, status/function keys and indica- 
tors. The module is contained in an ABS plastic case, which 
is vacuum molded to form a small, durable and water/rust resis- 
tant skin suitable for heavy duty use in public safety vehicles. 
Its dimensions are 13 1/8" x 10" W x 10" D, and it weighs about 
10 pounds. The physical design of the MDT-800 allows easy 





mounting i n  t h e  v e h i c l e ' s  f r o n t  s e a t  a r ea  without r e s t r i c t i n g  
t h e  o f f i c e r ' s  normal opera t ion  of o the r  on-board equipment, o r  
e x i t  from e i t h e r  door. 

The MDT-800 display/keyboard module i s  mounted 
between t h e  d r i v e r  and passenger on a swivel mount. This 
mount p l aces  t h e  viewing por t ion  of t h e  terminal  a t  t h e  l e v e l  
of t h e  dash thus  allowing minimal eye movement when reading 
da t a .  The swivel al lows optimum viewing angles  from e i t h e r  
t h e  d r i v e r  o r  passenger s e a t .  

Due t o  t h e  unique i n d i r e c t  d i sp l ay  technique u t i -  
l i z e d  i n  t h e  MDT-800, it i s  poss ib l e  t o  view t h e  d i sp l ay  i n  
b r i g h t  d i r e c t  sun l igh t .  A f r o n t  screen with  a s p e c i a l  c o a t i n g  
decreases  g l a r e .  

Controls  f o r  t h e  d i s p l a y ,  i n d i c a t o r s ,  keyboard l i g h t -  
i ng ,  and audib le  alarms a l low t h e  o f f i c e r  t o  a d j u s t  t h e  b r i g h t -  
ness  of t h e  d i sp l ay  f o r  n igh t  o r  day use ,  and t h e  audio a larm 
l e v e l .  

The MDT-800 processor module conta ins  t h e  l o g i c  
requi red  t o  opera te  t h e  display/keyboard module p l u s  t h e  mo- 
dem and r a d i o  i n t e r f a c e .  This module i s  house i n  a rugged 
metal  con ta iner  16" x 10" x 34" i n  s i z e  and is  designed t o  
be mounted i n  t h e  v e h i c l e ' s  t runk t o  al low ease  of i n s t a l l a -  
t i o n  and removal. The c o n t r o l  and display/keyboard modules 
a r e  connected by cab les  of rugged design t o  prevent damage 
due t o  v ib ra t ion .  

The r ad io  i n t e r f a c e  u n i t  connects t h e  mobile u n i t ' s  
processor t o  t h e  mobile r ad io  i n  t h e  veh ic l e .  Since t h e  r a d i o s  
i n  t h e  veh ic l e s  may no t  be of t h e  same type ,  t h e  i n t e r f a c e  t o  
t h e  r a d i o  must be s e t  up t o  compensate f o r  t h e  d i f f e r e n c e  i n  
input  and output  parameters of t h e  var ious  r ad ios .  Since t h e  
r a d i o  i n t e r f a c e  i s  ind iv idua l ly  packaged, it can s t a y  wi th  t h e  
r ad io  which al lows t h e  major e l e c t r o n i c s  package, t h e  pro- 
cessor  and console u n i t s  t o  be changed ou t  f o r  r e p a i r ,  and 
s t i l l  maintain t h e  proper r a d i o  compensation. 

9. Environmental 
The MDT-800 has been t e s t e d  over a range of ambient 

temperatures from -30' F (-40°c) t o  176OF ( 8 0 ' ~ ) .  The t e rmina l  
i s  packaged t o  prevent dus t  and l i q u i d  such a s  soda,  sugar ,  
cof fee ,  ashes ,  e t c . ,  from impairing opera t ions .  The MDT-800 
conforms t o  humidity, v i b r a t i o n ,  and shock s tandards  a s  o u t l i n e d  
i n  E I A  RS-204A. 





C. Electrical 
The MDT-800 nominal opera t ing  v o l t a g e  i s  13.5 

v o l t s ,  b u t  it w i l l  ope ra te  between a  range a s  low a s  1 0  ' v o l t s  
and a s  h igh  a s  1 7  v o l t s .  To ta l  c u r r e n t  d r a i n  i s  l e s s  than 
1 . 8  amps. 

D. Electrical Construction 
Both t h e  display/keyboard and c o n t r o l  modules of 

t h e  MDT-800 a r e  modular i n  des ign .  This c o n s t r u c t i o n  a l lows 
f a s t  s e r v i c i n g  of u n i t s ,  which dec reases  t h e  mean time t o  r e -  
p a i r  (MTTR). With t h e  except ion  of t h e  CRT d i s p l a y ,  CMOS 
s o l i d - s t a t e  des ign  i s  used t o  provide low power d r a i n  on t h e  
v e h i c l e ' s  e l e c t r i c a l  system. 

E. Keyboard 
The MDT-800 u t i l i z e s  a  s t andard  t y p e w r i t e r  a lpha-  

numeric keyboard with t h e  punctuat ion  keys;  p e r i o d ,  comma, 
s l a s h ,  colon,  and dash. Located on t h e  keyboard a r e  t h e  c u r s o r  
c o n t r o l  keys ( l e f t  arrow, r i g h t  arrow, space ,  s c r e e n  e r a s e ,  
and r e t u r n ) .  Also l o c a t e d  on t h e  keyboard a r e  t h e  b u f f e r  con- 
t r o l  keys ... d i s p l a y  message, s t o r e / r e c a l l ,  r e c a l l  f u n c t i o n ,  and 
t h e  manual acknowledge. A l l  key caps a r e  whi te  w i t h  b lack  
engraved l a b e l s  t o  prevent  obscuring t h e  key markings a f t e r  
prolonged use .  The c o n t r o l  keys a r e  b lack  w i t h  whi te  engraving,  
except  t h e  manual acknowledge key which i s  engraved red .  

F. Display 
A f ive - inch  cathode r a y  tube  i s  employed t o  d i s -  

p lay  up t o  e i g h t  ( 8 )  l i n e s  of c h a r a c t e r s  each f o r  a  t o t a l  
c a p a b i l i t y  of 256 c h a r a c t e r s .  A s p e c i a l  o p t i c a l  system and 
v e r t i c a l  tube  mounting combine t o  provide  wide-angle viewing,  
minimum r e f l e c t i v e  g l a r e  and minimum u n i t  dep th  dimension. 
Safeguards have been incorpora ted  t o  p r o h i b i t  t h e  u s e r  from 
ga in ing  access  t o  the  h igh v o l t a g e  p o r t i o n  of t h e  d i s p l a y .  
To a l low viewing of t h e  d i s p l a y  i n  b r i g h t  s u n l i g h t  and pre-  
v e n t  washout, t h e  CRT i s  mounted f a c i n g  'up i n t o  a  f r o n t  su r -  
faced m i r r o r .  A b r i g h t n e s s  c o n t r o l  a l lows a d j u s t n e n t  of t h e  
d i s p l a y  from of f  t o  f u l l  b r i g h t n e s s .  A s p e c i a l  f r o n t  c o a t i n g  
and mounting ang le  of t h e  viewing window reduce  g l a r e '  from 
windows and v e h i c l e  h e a d l i n e r .  

Charac ter  s i z e  i s  a d j u s t a b l e  w i t h  an  average 
c h a r a c t e r  s i z e  of 3/32" W x  3/16" H on a  s c r e e n  s i z e  of 
4 "  W x 2" H .  Charac ter  genera t ion  i s  a  5 x 7 d o t  ma t r ix  on 
a  9 x  7 d o t  m a t r i x  f i e l d .  These f e a t u r e s  provide  c h a r a c t e r  
s i z e  and spacing s u f f i c i e n t  t o  permi t  r ead ing  t h e  d i s p l a y  
from any l o c a t i o n  i n  t h e  v e h i c l e  and from d i s t a n c e s  i n  excess  
of 1 2  f e e t .  
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G. Indicators 
The MDT-800 uses light emitting diodes '(LED'S) 

of various colors for indicators. LED's are used for high 
reliability, low cost, and low power drain. All LED's are 
high intensity with a controlled diffusion angle of light 
which makes the LED easier to see in sunlight. The bright- 
ness of the LED's is fully adjustable to provide for optimum 
level under all illumination conditions. See Figure I. 

Incominq Message Area 

The incoming mes.sage indicator group consists 
of two (2) red LED'S labeled RECEIVED and 
WAITING. 

RECEIVED ... Indicates a routine message 
has been received by the terminal. 

RECEIVED (blinking) . . . ~ndicates a priority 
(emergency) message has been received by 
the terminal. 

WAITING...Indicates a routine message is 
being held at the base station. 

WAITING (Blinking) ... Indicates a priority 
(emergency) message is being held at the 
base station. 

NOTE: The "WAITING" light will not be 
lit unless the 'receive buffer is holding 
a message and the "RECEIVE" LED is on. 

If the "WAITING" LED is on, pressing the 
DISPLAY MSG key causes three events. First, 
the message in receive buffer is displayed. 
Second, an automatic transmission of an acknow- 
ledgment, indicating that the buffer is empty, 
is transmitted to the base station. Third, 
the RECEIVE and WAITING LED's are turned off. 
Lighting either of the incoming message indica- 
tors is accomplished with an audible alarm. 

Outgoing Message Area 

The outgoing message indicator group consists 
of two (2) red LED1 s labeled CHANNEL BUSY and 
FAIL, two (2) yellow LED'S labeled REPLY WAIT 
and VERIFIED, and one green LED labeled XMTR 
KEYED, 





CHANNEL BUSY ... Indicates two events. 
First, the MDT-800 is in a transmit 
sequence and has found the channel busy. 
This indicator only shows channel busy dur- 
ing a transmit sequence. Second, due to 
the.buffering capability, two different 
data transmissions could be stacked. To 
alert the user that he has stacked transmis- 
sions, the channel busy light comes on, 
and an audible alarm is sounded. 

XMTR KEYED...Indicates the MDT-800 is key- 
ing the radio and data is being transmitted 
to the base station. 

REPLY WAIT...Indicates the terminal has 
completed transmission of a message and is 
awaiting an acknowledgment from the base 
station. The length of this wait is nor- 
mally set to six (6) seconds, but is adjust- 
able. After the wait period, if no ack- 
nowledgment was received from the base 
station, the transmit sequence may be 
repeated a total of up to eight times. 
The cycle is terminated by a base station 
acknowledgment. 

VERIFIED...Indicates acknowledgment from 
the base station of receipt of an error- 
free message. The length of time this 
indicator is lit is normally set for two 
( 2 )  seconds, but is adjustable. 

FAIL...Indicates the terminal has transmitted 
a message the prescribed number of times 
(up to seven) without receiving an acknow- 
ledge message. This indicator is accom- 
panied by an audible alarm. 

a Status 

The status indicator group consists of eight 
(8) red LED'S; seven are available for nor- 
mal status (such as enroute, etc.), and one 
is for the emergency function. When a trans- 
mit sequency begins and the LED over the 
status key is lit, any other normal status 
LED which is lit is turned off. If for any 
reason the status transmission fails to be 
acknowledged after the prescribed number of 





t r i e s ,  t h e  f a i l  i n d i c a t o r  i n  t h e  o u t g o i n g  
message group i s  lit and t h e  s t a t u s  LED 
beg ins  t o  b l i n k .  

P r e s s i n g  t h e  emergency key does n o t  e f f e c t  
a  normal s t a t u s  LED which i s  lit. Trans-  
miss ion  of an emergency s t a t u s  message 
r e p e a t s  u n t i l  v e r i f i e d  by t h e  base  s t a t i o n .  

H. Security 
The MDT-800 u t i l i z e s  a  s t andard  on/off  power 

swi tch  i n  con junc t ion  wi th  t h e  u n i t ' s  I . D .  code t o  p rov ide  
a  s e c u r e  means of lockou t  when t h e  o f f i c e r  l e a v e s  t h e  v e h i c l e .  
This  lockou t  can be accomplished i n  t h e  fo l lowing  manner: 

A s  t h e  o f f i c e r  l e a v e s  t h e  v e h i c l e ,  he 
p r e s s e s  t h e  o u t  of v e h i c l e  s t a t u s  key. 
(Th i s  s t a t u s  key l a b e l  may d i f f e r  f o r  
each us ing  agency) .  Upon r e t u r n i n g  t o  
t h e  v e h i c l e ,  t h e  o f f i c e r  e n t e r s  h i s  badge 
number and p r e s s e s  t h e  "computer" f u n c t i o n  
key. This  now p l a c e s  h i s  t e r m i n a l  back 
i n  an o p e r a t i o n a l  mode. Any a t t e m p t  t o  
use  t h e  t e r m i n a l  b y ' a n  unau thor ized  p e r s o n  
would cause  t h e  MDS so f tware  t o  l o g  t h a t  
t e r m i n a l  " o f f "  and a l e r t  t h e  d i s p a t c h e r  
and watch commander t h a t  such an  unautho- 
r i z e d  a t t e m p t  t o  log  on i s  be ing  made. 

I .  Controls 
The MDT-800 p rov ides  i n d i v i d u a l  ad jus tment  o f  

t h e  fo l lowing  c o n t r o l s :  

Display  i n t e n s i t y  - from t o t a l  o f f  t o  f u l l  
b r i g h t n e s s .  

Keyboard l i g h t  - from v e r y  dim t o  f u l l  b r i g h t -  
ness  f o r  n i g h t  use .  

I n d i c a t o r  l i g h t s  - from very  dim t o  f u l l  
b r i g h t n e s s  f o r  n i g h t  use .  

Audible a larm - from f u l l  o f f  t o  f u l l  on .  

On/Off - a  s t a n d a r d  s l i d e  s w i t c h  i s  used 
and t h e  p resence  of a  c u r s o r  i d e n t i f i e s  t h a t  
t h e  u n i t  i s  on .  

J. Memory 
Ths MDT-800 u t i l i z e s  f o u r  ( 4 )  b u f f e r s  (memories) 

t o  provide  g r e a t e r  f l e x i b i l i t y  t o  t h e  f i e l d  o f f i c e r  and t i le  
system. Each b u f f e r  has  a  c a p a c i t y  of 256 c h a r a c t e r s  i n  a 





FROM 
RECEIVE MODEM 

RECEIVE BUFFER: 
CAPACITY O F  256 D ISPUYABLE 
C H A R A C T E R S .  HANDLES ONLY 
RECEIVED MESSAGES FROM THE 
R E C E I V E  M O D E M .  D A T A  IS  
T R A N S F E R R E D  F R O M  T H E  
R E C E I V E  BUFFER BY PRESSING 
THE "DISPL MSG" CONTROL KEY. 

I DISPLAY BUFFER: 
CAPACITY OF 256 DISPLAYABLE 
C H A R A C T E R S  ENTERED FROM 
THE RECEIVE BUFFER. I 

FIGURE /I. RECEIVE BUFFER 





DISPLAY BUFFER: 
CAPACITY OF 2 5 6  DISPLAYABLE 
C H A R A C T E R S  ENTERED FROM 
T H E  KEYBOARD, RECEIVE BUF- 
FER, OR THE STORAGE BUFFER. 

STORAGE BUFFER: 
USED FOR TEMPORARY STORAGE 
OF DATA BY THE OFFICER. CAP- 
A C I T Y  O F  2 5 6  D I S P L A Y A B L E  
CHARACTERS. DATA IS EXCHANG- 
ED BETWEEN THESE BUFFERS Y 

-1 

CONTROL KEY 
___T__: 

FIGURE I l l .  STORAGE BUFFER 





single transmission from the base station. Operation of each 
buffer is as follows: 

RECEIVE BUFFER (Figure 11) - The receive buffer 
is used for receiving messages up to 2 5 6  charac- 
ters in length from the base station only. No 
data may be transferred into this buffer from 
another buffer. 

DISPLAY BUFFER - The display buffer is used to 
display keyboard entries for verification of 
accuracy prior to transmission, to display data 
from the receive buffer, the storage buffer, 
and the transmit buffer. Up to 2 5 6  characters 
can be displayed from this buffer. 

STORE BUFFER (Figure 111) - This buffer is used 
for temporary storage of up to 2 5 6  characters 
of data. Pressing the STO/RCL key causes the 
exchange of the contents of the STORE buffer and 
the DISPLAY buffer. 

TRANSMIT BUFFER (Figure IVO - This buffer is used 
for transmission. When a function key is pressed, 
any data in the display buffer ia automatically 

. 

transferred to the transmit buffer and the transmit 
buffer may also be used as a storage buffer and 
its contents are displayed by pressing the RECALL 
FUNCTION key. Pressing the RECALL FUNCTION key 
immediately terminates any transmission in progress. 

K. Modem 
The MDT-800 interfaces directly or in paral- 

lel to voice grade radio equipment. The Phase Shift modula- 
tion utilized by E-Systems Inc. allows a transmission speed of 
2400 bits per second. The modem in both the MDT-800 and the 
base station radio facility are identical, allowing both modu- 
lation and demodulation without special modification to the 
mobile radios. 

L. Effective Data Rate 
The MDT-800 can receive, verify, and display 

a full screen, 2 5 6  characters, in . 7 5  seconds. The effective 
data rate for a 2 5 6  character display is 1993 bps. 

M. Operational Safety 
The MDT-800 mount allows direct emergency 

exit from either door. The durable high impact plastic case 
is able to absorb the shock of high speed collision. Laminated 





DISPLAY BUFFER: 
CAPACITY OF 256 DISPLAYABLE 
CHARACTERS ENTERED FROM 
T H E  K E Y B O A R D ,  R E C E I V E  
BUFFER, STORAGE BUFFER, OR 
THE TRANSMIT BUFFER. 

TO 
TRANSMIT . . . . - . . . . 

MODEM 

1 TRANSMIT BUFFER: 
HAS TWO ( 2 )  PURPOSES - THE 
MAIN FUNCTION IS A TRANSMIT 
BUFFER. PRESSING ANY ONE OF 
THE EIGHT (8) FUNCTION KEYS 
WILL CAUSE TRANSMISSION OF A 
MAXIMUM OF 256 CHARACTERS. 

I 

THE SECONDARY FUNCTION OF 
THE T R A N S M I T  BUFFER IS AN 
A U X I L I A R Y  STORAGE BUFFER 
W I T H  A MAXIMUM CHARACTER 
C A P A C I T Y  O F  256. D A T A  I S  
STORED OR RECALLED IN  THIS 
B U F F E R  B Y  P R E S S I N G  T H E  
"RECALL FUNCTION" CONTROL 
KEY. - I 

FIGURE IV. TRANSMIT BUFFER 





DISPLAY BUFFER: 
F U L L  256  CHARACTER ALPHA1 
NUMERIC DISPLAY. 

TO 
TRANSMIT 

MODEM 

FIGURE V. BUFFER INTERACTIONS 





safety glass on the display unit prevents the possibility of 
flying glass during collisions. 

I l l .  SPEC1 FlC OPERATIONAL SPECIFICATIONS 

Each of the following types of messages are uni- 
quely identified by unit I.D., function and status. 

A. Normal Status 
The MDT-800 provides seven (7) normal status 

keys. The labeling of the status keys will be specified by 
the using agency. For example, keys might be labeled 
AVAILABLE, ENROUTE, AT SCENE, OUT OF SERVICE, OUT OF VEHICLE, 
TRAFFIC STOP, and ON VIEW. Ten codes can also be utilized. 

Transmission of a status change is initiated 
by pressing the desired status key. As the normal status 
message is being transmitted, the officer may continue to 
utilize the terminal for message construction. 

B. Function Messages 
The MDT-800 provides eight (8) function keys. 

The labeling of the keys will be specified by the using 
agency. 

A function message transmission is accomplished 
by typing relative data on the terminal's display and pressing 
the appropriate function key. Pressing the key causes the 
displayed data to be transferred to the transmit buffer, and 
the transmit sequence to begin. This makes the display avail- 
able to receive another message or for message composition. 

C. Emergency Status 
The MDT-800 provides an emergency key identified 

by name, color of key (red), and a protective ring to pro- 
hibit accidental pressing. When the emergency key is pressed, 
repeated transmission of an emergency message occurs until 
acknowledged by the base station.' All transmissions from the 
terminal contain unit I.D., status, and control bits (emergency, 
ACK, functions, etc). 

The MDT-800 also provides the capability, which 
may be used in emergency situations, to be polled; the poll 
will cause automatic transmission of all data in the display 
and storage buffer without action from the officer. 

D. Informative Message Transmission 
If an informative message is to be sent to ano- 

ther MDT or to the dispatcher,a function key is pressed. This 





initiates transmission of the message along with the terminal's 
I.D., status, and function code. Upon receipt of the message 
by the base station, the system would automatically route the 
message to the proper dispatcher or MDT. 

E. Data Base Inquiries 
Data base inquiries may be sent from the MDT-800 

by the use of function keys. As the inquiry is received at 
the base, the function desired is decoded and correct routing 
by the CAD computer is conducted. As the response from the 
remote data base returns, the data is formatted for display, 
and transmitted to the originating terminal. If the total 
number of characters exceeds 256, the message is split and 
after the first portion of the message has been received 
by the terminal, the second portion is transmitted. The 
officer may then store the first portion, display the second, 
and by using the store/recall key, switch from first page to 
second. , 

F, Audible Alert 
The MDT-800 has the capability to provide external 

signals to/from various items of equipment. The normal MDT-800 
audible alert signal is available at the unit output connector. 
This signal may be connected to a matching transformer pro- . 
vided by the using agency through a switch to the vehicle's 
existing P.A. system. As the officer leaves the vehicle, 
he switches the "audible" switch on and turns his P.A. on. 
If any message is received duri:ng his absence, a 1000 Hz tone 
will sound via the P.A. system. 

G. Automatic I D  (Digital) 
All MDT-800 messages contain a twelve (12) 

bit ID code. This ID is adjustable so that the ID number may 
be changed by service personnel. This 12 bit ID code allows 
over 4,000 unique addresses. ' 

H. Automatic ID  (Voice) 
The MDT-800 has the capability of interfacing 

to the radio in such a way that any time the mike push-to-talk 
button is depressed, the terminal's ID is transmitted. This 
ID also contains a function code to signal the CAD computer 
that the message was initiated by pressing the mike push-to- 
talk button. 

I. Automatic Acknowledge 
Once the terminal has received a message from 

the base station, which has been verified, bit 16 is checked. 
If bit 16 is a "l", the automatic acknowledge flag is set. 





After receiving the text (if present) and verifying that the 
text is error free, an acknowledge message is transmitted to 
the base station. This is an automatic transmission in re- 
sponse to a base station request. 

J. Channel Sense 
The activity detector circuitry can be used in 

conjunction with the CTCSS signal from the mobile transceiver 
to inhibit transmitter keying. Digital data transmission is 
delayed until the CTCSS tone is no longer present on the 
receive channel. 

K. Manual Acknowledge Required 
When the base station wants assurance that the 

mobile unit operator has received a message, the base station 
may send a message using the manual acknowledge operation 
code in the standard message.  his will cause the ACK REQUIRED 
light on the terminal to be lit. The operator will then acknow- 
ledge the received message by pressing the ACK key. 

L. Group ID  
Each MDT-800 can be assigned to one of fifteen 

groups. The unit will receive all messages sent to its 
assigned group. Group assignments can be made dynamically 
under base station software control. 

M. Emergency Alarm Sounding 
The MDT-800 has the capability of interfacins 

with a speaker or horn for sounding in ~merienc~ condition: 
This is done under computer control only. The officer would 
have to enable this feature prior to exiting from the vehicle. 

N. Mobile Digital Equipment Standard 
The MDT-800 meets or exceeds the specifications 

established by the National Institute of Law ~nfbrcement 
Criminal Standard for Mobile Digital Equipment per document 
#NILECJ-STD-0215.00, 

For additional in£ ormation, please contact 
E-Systems Inc., Digicom Products. 

E-SYSTEMS 

Garland Division 
P O  BOX 226118 DALLAS. TEXAS 75266 m1214) 272-0515 




