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PREFACE 

This report covers the Improved Passenger Communications 
Task activities of the Vought Corporation, an LTV Company, during 
Phase I1 of the AIRTRANS Urban Technology Program (AUTP), AUTP 
was authorized by Congress in the Federal-Aid Highway Act of 1976 
(P. L, 94-280) and funding for Phase I was included in the 
Department of Transportation Appropriations Act for 1977 (P. Lo 
94-387). Program funding was by an Urban Mass  rans sport at ion 
Administration (UPPTA) grant to the Dallas/Fort Worth Airport 
Board and third party contract to Vought- Subsequently, funding 
was provided for Phase I1 of AUTP by the Department of Transpor- 
tation and related agencies Appropriations Act (Po Lo 95-85) , 

AUTP is documented in the following reports: 

o AIRTRANS Urban Technology Program Executive Summary 
UMTA-TX-06-0020-79-8 

o AIRTRANS Urban Technology Program Phase I1 

Voluae 1 - Control System Iaprovelrents 
UMTA-TX-06-0020-79-2 

Volume 2 - Passenger Conrunications 
UMTA-TX-06-0020-79-3 

Volume 3 - Vehicle and Wayside Subsystems 
UMTA-TX-06-0020-79-4 

Volume 4 - Vehicle Fabrication, Tests and 
Demonstration U--A-TX-06-0020-79-5 

Volume 5 - Systems Operation UMTA-TX-06-0020-79-6 
Volume 6 - Severe Weather UMTA-TX-06-0020-79-7 

o IRAN Program Report No, UMTA-TX-06-0020-79-1 

o AIRTRANS Urban Technology Program Phase I Final Design 
Report UMTA-TX-06-0020-78-1 

The cooperation of a large number of people contributed to 
this program's success, Among these are Dennis Elliott of Dennis 
Elliott & Associates; Dalton Leftwich and the entire operations 
and maintenance staff of the Dallas/Fort Worth Airport; Steve 
Barsony and John Marina of UMTA; and Ron Kangas of the 
Transportation Systems Center, 

Recedng page #aM 





AUTP PROGRAM DESCRIPTION 

AIRTRANS, a n  Auto~iiatzd Guideway T r a n s i t  (AGT) s y s t e m  b u i l t  
by  t h e  Vought C o r p o r a t i o n ,  h a s  p r o v i d e d  r r a n s i t  s e r v i c e  f o r  
p a s s e n g e r s  a t  t h e  D a l l a s / F o r t  Worth A i r p o r t  s i n c e  J a n u a r y  1974.  
T h i s  s u c c e s s f u l  dep loyment  o f  AGT t e c h n o l o g y  prompted t h e  U n i t e d  
S t a t e s  C o n g r e s s ,  t h e  Depar tment  o f  T r a n s p o r t a t i o n  (DOT) and 
Vought t o  i n v e s t i g a t e  t h e  e x t e n s i o n  o f  t h i s  t e c h n o l o g y .  Independ- 
e n t  a s s e s s m e n t s  were made by t h e  T r a n s p o r t a t i o n  S y s t e m s  C e n t e r  o f  
DOT ( R e f e r e n c e  (1)) and by Vought C o r p o r a t i o n  t o  d e t e r m i n e  what  
c h a n g e s  o r  improvements  would be r e q u i r e d  t o  o p e r a t e  AIRTRANS i n  
a n  urban a p p l i c a t i o n ,  

AIRTRANS mSTrM AT DIFW AIRPORT 

The recommendat ions  were : 

(1) H i g h e r  o p e r a t i n g  s p e e d s  

( 2 )  Bet ter  p a s s e n g e r  a c c e p t a n c e  

(3)  Reduced c a p i t a l  and o p e r a t i n g  c o s t s  

( 4 )  I n c r e a s e d  r e l i a b i l i t y  

( 5 )  Enhanced a l l - w e a t h e r  c a p a b i l i t y  

(6)  I n c r e a s e d  e n e r g y  e f f i c i e n c y  



The successful achievement of these improvements would 
provide an energy-efficient urban AGT system which could 
intercept much of the auto and bus traffic at the outskirts of 
high-density urban centers, This would allow a commuter to park 
his car (or leave his bus) and ride the AGT system to his final 
destination in comfort and safety, Subsequent movements within 
the urban center would also be possible using the AGT system; 
thus, the need for auto and bus traffic in the downtown area 
could be reduced to a minimum. 

The development of AIRTRANS system derivatives, for use in 
other AGT appl.ications, began before the initial AIRTRANS system 
was put into revenue service at the Dallas/Fort Worth Airport. 
It was apparent at the outset that higher operating speeds would 
be required in urban settings, 

PHASE I TEST VEHICLE T365 

The AUTP (AIRTRANS Urban Technology Progran) was structured 
into a two-phase program. Phase I of AUTP was completed in 1977 
(Reference (2)) , Briefly, the first phase covered the develop- 
ment and demonstration of the improvements necessary for higher 
speed operation, while maintaining or improving reliability, 
availability, cost and performance characteristics of the overall 
sys tern. 

A highly instrumented engineering test vehicle (named ~ 3 6 5 )  
was used to demonstrate baseline and improved perfotmance of the 
system, 



PHASE 11 OVERVIEW 

Using Phase I as a building block, other recommendations for 
improvements in AIRTRANS for urban applications were addressed in 
Phase 11. The AUTP Phase I1 activities involved: 

(1) Completing the propulsion and control system 
improvements and testing begun on test vehicle T365 in 
AUTP Phase I 

(2) Design, fabrication and demonstration of passenger com- 
munication improvements 

PHASE I I  PROTOTYPE URBAN VEHICLE P40 

(3) ~esign, fabrication, test and demonstration of a 
prototype urban vehicle (P40) , incorporating : 
( a )  AUTP Phase I changes to the propulsion, 

collectors, s t e e r i n g ,  controls and communication 

(b) Doors on both sides 

(c) Powered reversing 

(d) Improved suspension 

(e) Improved vehicle coup1 ing 

(f) Interior rearrangements 



( 4 )  Wayside e l e c t r i c a l  power improvements ,  i n c l u d i n g  : 

( a )  S o l i d - s t a t e  wayside  power c o n t r o l l e r  

(b) Power d i s t r i b u t i o n  s i m u l a t i o n  S t u d i e s  

(5)  AIRTRANS s y s t e m s  performance ,  o p e r a t i o n  and main tenance  
t a s k s ,  i n c l u d i n g :  

( a )  P o t e n t i a l  s e r v i c e  improvements by u s e  o f  h i g h e r  
s p e e d ,  t h r e e - c a r  t r a i n s ,  t h e  a d d i t i o n  o f  b y p a s s  
s i d i n g s ,  and demand mode o p e r a t i o n  

( b )  An I R A N  ( I n s p e c t  and R e p a i r  a s  N e c e s s a r y )  program 

( 6 )  A n a l y s i s ,  d e s i g n  and tes t  e v a l u a t i o n  o f  subsys tems  
a £  f  e c t e d  by s e v e r e  wea the r  o p e r a t i o n  

The Phase  I1 e f f o r t  began w i t h  t h e  c o n t i n u a t i o n  o f  t h e  
p r o p u l s i o n  and c o n t r o l  sys tem tests t h a t  were begun i n  Phase  I .  
Concur ren t  w i t h  t h e  e f f o r t ,  t h e  d e s i g n  and procurement  f o r  t h e  

Interior 

Air Conditioning (2) 

Stwring Rwming Actuator (2) 

(Signrl, Powr (3). Ground) 

AXLE AND 8U8PEN8ION (2) 

Friction Brrkrr (4) 

PROTOTYPE URBAN VEHICLE MAJOR SUBSYSTEMS 

vlil 



subsys t ems  o f  t h e  Phase  I1 p r o t o t y p e  v e h i c l e  were i n  w o r k .  The 
c h a s s i s  was mod i f i ed  a s  r e q u i r e d  for  t h e  r e d e s i g n e d  s y s t e m s ,  and 
t h e  new p r o t o t y p e  v e h i c l e  w a s  a ssembled ,  

The d u a l  p r o p u l s i o n  s y s t e a  and f e a t u r e s  o f  t h e  r e d e s i g n e d  
s t e e r i n g  sys tem from Phase  I w e r e  r e t a i n e d  a l o n g  w i t h  t h e  c o n c e p t  
o f  t h e  c o l l e c t o r s  and c o n t r o l  sys tem,  Powered r e v e r s i n g  t o  
p e r m i t  s h u t t l e  o p e r a t i o n  w a s  i n c o r p o r a t e d  i n  t h e  s t e e r i n g  sy s t em 
a l o n g  w i t h  e l i m i n a t i o n  o f  t h e  s t e e r i n g  i n t e r c o n n e c t  l i n k a g e  and 
an i n c r e a s e  i n  wheel steer a n g l e  f o r  a  smaller t u r n i n g  r a d i u s ,  A 
new s u s p e n s i o n  sys t em was d e s i g n e d  and f a b r i c a t e d ,  New s p e c i  f ica- 
t i o n s  were w r i t t e n  and new s o u r c e s  found f o r  a pneumat ic  sy s t em 
d i r e c t - d r i v e  motor/compressor and f o r  t h e  h e a t i n g ,  v e n t i l a t i n g  
and a i r  c o n d i t i o n i n g  u n i t s .  The AIRTRANS a l t e r n a t o r  was r e p l a c e d  
w i t h  a s p e c i a l l y  de s igned  s o l i d - s t a t e  t r a n s f o r m e r / r e c t i f  ier. 
Improvements were made i n  t h e  f r i c t i o n  b r a k e  sy s t em and t h e  
pneumat ic  d o o r  o p e r a t o r ,  B i p a r t i n g  d o o r s  were i n c o r p o r a t e d  on . 

bo th  s i d e s  o f  t h e  v e h i c l e  to  aceomnodate s t a t i o n s  o n  e i t h e r  s i d e  
o f  t h e  guideway. 

Dynamic g r a p h i c s  and t h e  onboard TV s u r v e i l l a n c e  s y s t e m s  
were i n s t a l l e d ,  The microprocessor -based  c o n t r o l  s y s t e m  o f  Phase  
I was modi f ied  t o  i n c o r p o r a t e  p r o v i s i o n s  f o r  t h e  d u a l  d o o r s ,  
s l i p / s l i d e  d e t e c t i o n ,  a u t o m a t i c  r e v e r s i n g ,  a u t o m a t i c  announcement 
u n i t  ( M U ) ,  dynamic g r a p h i c s  and m a s t e r / s l a v e  v e h i c l e  o p e r a t i o n ,  

To v e r i f y  t h e  d e s i g n  and per formance  o f  t h e  u rban  p r o t o t y p e  
v e h i c l e ,  i t  w a s  s u b j e c t e d  t o  tests and d e m o n s t r a t i o n s ,  b o t h  a t  
Vought and a t  D/RJ A i r p o r t ,  The knowledge and d a t a  o b t a i n e d  from 
Phase  I1 o f  t h e  AIRTRANS Urban Technology Program h a s  been a 
s i g n i f i c a n t  s t e p  toward p r o v i d i n g  t e c h n o l o g y  s u i t a b l e  f o r  u s e  i n  
an  urban environment ,  A t  t h e  c o n c l u s i o n  o f  t h e  AUT program, t h e  
P40 v e h i c l e  was t u r n e d  o v e r  t o  t h e  D a l l a s / F o r t  Worth A i r p o r t  and 
was i n  revenue  s e r v i c e ,  I n  t h i s  way, f u r t h e r  d a t a  w i l l  be  
g a t h e r e d  on t h i s  un ique  u rban  p r o t o t y p e  v e h i c l e ,  and w i l l  f u r t h e r  
a s s u r e  a s u c c e s s f u l  deployment o f  AIRTRANS i n t o  a n  u rban  env i ron -  
ment,  
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When t h e  WBRTMl4S people mover system began revenue service 
in January 1974, i t  became the first r n u % t f ~ ~ u t e  operatianal AGT 
s y s t e m  i n  t h e  world, S i n c e  t h e  AIRTRANS system is the primary 
mode of convey ing  passengers an8 employees between terminals and 
remate parking Lots in one sf  the world" l a a g e s t  airports, i d  
was necessary t h a t  passenger c~mmunications i n  t h e  form of 
graphics and audia systems be incorporated in t he  basic d e s i g n  sf 
b a t h  t h e  D/PW Airpork and t h e  AIWTMNS systemI During t h e  first 
cwo years o f  s y s t e m  operation, s e v e ~ a l  modifications were accom- 
plished t~ improve passenger comaunicatiens, including placing 
station ~ t t e n d a n t s  in %he more heavily used terminals, These  
changes and t h e i r  effects are discussed in t h e  AIRTRANS Assess- 
ment Wepsmct (Reference [ I ) ) *  Although %he A I R T U N S  passenger 
esmmunications provisions a re  adequate f o r  t h e  DPFW Airpart, 
deployment i n  an  usban envinan~ent would require a mere effective 
csmmunication system which would eliminate the need Ear s t a t i o n  
aktendants. Bassd on % R e  recomaendations made by the Transpor- 
tation Sys tem Center i n  Reference ( a ) ,  the verbal  communheatisns 
with p t e n t i a l  Downtown People Mover 9DPM) c i t y  planners and t h e  
preliminary da ta  obtained i n  t h e  System Safe ty  and Passenger 
Security programr t h e  foilowing program objectives were defined: 

(1) Minimize passenger confusion in t h e  u s e  o f  a n  AGT 
system 

( 2 )  Prov ide  passenger security in unmanned vehicles 

( 3 )  Maximize patron acceptance of an AGT system 

The implemented program ~sncentrated on the v e h i c l e  re la ted  
aspects af passenger communi@atisns and security ainee these 
items are  common ka a l l  AGT systems. Specifically, the Phase E X  
e f f o ~ t  h a s  been directed to four  development tasks, These  are: 

( I )  Devefap  and demonstrate an onboard TV surveillance 
s y s t e m  

(23 Design and demonstrate a paagrammar-.lle audio  announce- 
ment u n i t  {AAU) 

( 3 )  Develop and evaluate a dynamic graphics aasembly 

( 4 )  Oesfyn and e v a l u a t e  a time-to-&rrival lTTAZ d i s p l & y  
unf  t fnr use in passenger 8karians 

T h e s e  i t ems,  none of which exieted a t  t he  inikfation of t h e  
P h a s e  X I  programr have been evaluatf2d i n  t h e  DBFY AXRFRANS s y a t u a ~  
and collectively s s t i ~ f y  t h e  program objectives, 



1,2 RELATIONSHIP TO THE OVERALL PRASE f E  PROGRAM 

Tha P h a s e  II program was comprised a b  s i x  tasks, The 
improved passenger communications task consists o f  t h e  Pour sub- 
t a s k s  identified i n  t h e  preceding paragrs9k. The overall pzogram 
was directed toward demonstrating t h e  operation of a prototype 
u ~ b a n  WGT v e h i c l e  in t h e  D/PW AERTMNS s y s t e m ,  The TV surveil- 
lance samesa, da t a  processor and transceiver were mounted i n  the 
a f t  electronics comgartnent of  the urban prototype vehicle as 
shown in F i g u z e  1-1, The audio anaauncemenk unit was a l so  
located i n  t h i s  compartment, Two dynamic graphics units weEe 
provided, one on t h e  forward panel of the aP% electrsnics com- 
partment and one sn the a f t  panel of t h e  forward ekectrsnfca 
compartment, These  u n i t s  were evaluated as a part o f  the everall 
evaluation of k h e  urban AGT prototype v e h i c l e  designated a s  B B O ,  
The TV surveihlance wayside transceiver, date decoder and TV 
display units were housed in t h e  DBFW South Parking Lot E3 sealion 
as shown i n  F i g u r e  1-2, The time-to-arrival display was msunted 
in t h e  D/FW Sou th  Parking L o t  A s t a t i o n  as shown fn F i g u r e  1-3, 
This display i n d i c a t e s  t h e  time-to-a~zival sf all passenger 
t r a i n s  serving t h a t  station, 

The WUTP P h a s e  I f  results a re  documented in a se r i e s  o f  
e i g h t  reports of which t h i s  report i s  Volume 2 ,  The  the^ seven  
reports and the AUTP Phase I F i n a l  Wepset ace lisked a s  
Refetenees ( 2 )  through ( 9 3 .  







{3$ Syna~le .2ra?bics system 

WPI these zysteas were built and successfully de~onstaated 
as pare sf k h e  operation o f  a prototype arban  AGT vehicle i n  t h e  
3JFW AXRlKqSS sys&e%* 



CBosed-circuit TV (CCfvg s y s t e ~ s  have bean in use Ln transit 
stations bar sewera: years to provide pass~nger security v i a  
v i d e o  surveLXfance 1.2 a eenaral ~ S - G P W ~ P ~ ~  *%nk, Pn t h e  unmsnned 
AGT e m ~ j t ~ n m e f i t ~  t h e r e  also caneern P F O ~ % @ ~ S  of 
onbaard security, In conveakionsl &r~nsft systems, snboard 
ope~atfons personnel suck as vsAfc l e  operatara, csnductsrs as 
guards  pgovddc soac Pave1 sf crise d e t c s a n k ,  These people will 
not be p r e s e n t  on &GT s y s k e ~ s ~  Rseent teckncPogfcaB advances  
have made  feasible t h e  i~glemcnka&fon a f  CCTV o n h a r d  a &ransit 
vehicle, The primary ZagedB~cnk ta i~plemcatation of such sys- 
teas i s  %he data  25nk  fro@ t h e  v@h$cle  ks t h e  maitorfag wine* 
Warma% coa%srcBaI quaP%ty TV s y s t s ~ s  require a bandwidth QE 4-6 
ENz fo r  video transmission, BPnca ehc nuaber of w e R i c P e s  i n  an 
urban AGT systee i s  I % k ~ $ y  to bs Zargc, $he cast a% the erans- 
m i t t e r s  and $.he b f  BE fcaley in abtain%ng fr~qusncy allacsttons has  
no t  al lsued s u c h  s y s t e ~ s  ta &a implswented, 

The f i r s t  dcsonstrstfon 0% ACT vehicBe ta wayside CCTV was 
~ c c s ~ p l f s h e b  $n 1971 a$ the 5th fnkarnatianal Csafaran@@ oa Orban 
T r a n s p r t a t S s n  in PLtesBu~g, Ph, Pbs de~snstr&rb~n utfkfzad t h e  
"Skybuss vehicle operatlwg in S o u t h  Park transit Expresaway t e s t  
t r a c k  af t h e  Par t  Authority C P ~  A1Paghany County, Tha system 
demonstrated used a Ego-foot d%elcc&rdc waveguide m u n t s d  i n  t h e  
guideway to receive Bow mwen s i g n a l s  transmftted f r o s  a 3 ,7  GBz, 
50 H W  kransmftter an t3e vehicle, This Tsv power and @cspt9vea  
p i c k u p  allawed apesation without FCC $fcanse,  The details o f  t h e  
mechanization and dcaonstra$fon results may ba found f a  Reference 
(BC), Although t h e  demanserattan was regarded as suceeasfu%, t h e  
s y s % e ~  stSlP d i d  eat  appear to be cost effeetfue,  

I n  1955: Vought and Yotarola discussed a different approach 
ts i~plenentrng a case-effective, vchfele-borne CCTV system 
gRefe~ewce ($3  f ) , These  dfscu~sisns resulted i n  t h e  Phase PI 
demonstration o f  the Rsrsroka-developed s y s t e m ,  

2,2 DES%G% APPROACH 

Since a l l  urban deployable WGT syseems require emergency 
voice comnunfcatians between vehicles and central control, t h e  
p s s f b i f i t y  o f  transmitting video  dnformati~n over vsies quality 
da ta  links w a s  exa~iaed, The primary constraint in t h e  use 0% 
vsfce quality data links is the al%auable bandwidth which limits 
t h e  quantity 0% d a t a  transmllted per unfe af tine- 

Tbe approach t a k e n  by Matorsla differs froa previous tech- 
niques in t h a t  no subcarrier modulatisn i s  employed, and a n  ad- 
d r e s s  code allows palling o f  several  units, The TV camera is a 
standard 525-line system, and the onboard video processor %Bares 
socca%%ive i r ~ a g e  frames, When a seen@ i s  to be taansmfttsd 



central, a s i n g l e  camera %geld f a  d i g f t i z d  and transmitted as an 
a s ~ p l i t u d e  aodulated pulse  tes in ,  WE central, t h e  s e r i a l  data 
stseaa i s  d e e d e d ,  r e f s k ~ a t 8 &  m d  displayed as a "snapshot" an a 
s k a n d a ~ d  525-Pine m n i t o r -  Po transsit a f u h l  650-line ( h s r b -  
zontaf) resaiutisn faaae with a fddelity sf %Q sbadea a m g a y  
would nequire taans~ission of 1 - 4  segabiks of infaraalion, To 
transmit t h i s  data at f 5 A  sya&ls/seeon& aver voice-quality band- 
width would require approx9sa~cPy 98 seconds, A series o f  trade- 
~ f f e  were aade &tween txansmissian Biaes and picture q u a l i t y  to 
optisize the syste~, Tbeoe t rades  sesulted i a  t h e  decisisa ta 
g t i f  i z e  t h e  equivalent af a 12d-Xffaoe pickare ~ 8 t h  3.6 shadas of 
gray far  the Bemnstrat ioc prwgaa,  This reduction i n  transsit- 
ted pic ture  quality requires ow8p 64 BihsbiBs of data p r  f g a a ~ ,  
and aB%sws a fraae h~ans~%ss%on hise of 3 seconds- T h i s  csnbig- 
ura t ion  g i v e s  resolution co~parable to wire photo resslukions- 

The t P s e L  d d a g r l ~  o f  the demnstsa%%on syseea i s  shown i n  
F i g u r e  2-1, The veh ic l e -Mrne  q u i p w n t  eoasisrs sf a Sot~z~la 
Hadel 53161 TV caaera w i g h  a SU6503 P/2 inch %ens, t h e  widso pro- 
eesssr, and a M Q $ O ~ O $ B  " % a x a ~ "  siaplea U%P radto,  For an urban 
application, an i n e r ~ a s i v a  vidso raca~der ~ S g h t  be addad ao that 
several z i n u t e s  c ~ %  real-tBse &aka would b available oa taw &Q 
preserve events cceurricg over a period o f  kfme preceding an 
observed even%, The base stazxon equfg~ent consists o f  a Mato- 
ro$a %%BCOB 30m si~pPsz L?BF radPa, t h e  video pgseesssg, and a 
Motoraba Mode% S B Z S 4 A  &us% T@ m ~ f & ~ $ ,  



The fuwctiowaf d i a g a m  oT Pigare 2-2 shows t h e  majar 
eleaenes of the mbfle % v e h i c l e - b ~ n c )  equipment in greater  
d e t a i l ,  The vide@.;; ~ T O C S S S ~ E  changes the 6 RE32 bandwidth camera 
outpuk signal i n t o  a 3 %Rz baseband s&gna% which can be trans-  
mitted aver the 450  HEz Inaninall transceiver f~equency, The 
camesa s i g n a l  i s  Bed ts kba sync detector and f o u z - b i t  W/D 
converter c i x e u i t s ,  The sycc dekaczor passes the vertical and 
baeizantal ccwtroP p u l s e s  to khe t ~ m % n g  and coa&rs1 circuit, 
while the W/D converter inputs a28 p i x e l s  per hsrizontal line and 
e v e ~ y  E ~ Q u E ~ R  line Lo k b e  prscessslh: m m x y ,  Thusp t h e  stored 
fsaac t s  a 128 B y  128 aaertx of pixels with, Meause sf &Re &-bit 
quantization, 16 shades QE gray. The t iming  and control c i r c u i t ,  
u F n  receiving an interragatian r q u c s t  f r a ~  the receiver c i r -  
cuierys formats &he sync and iden%iLy bits fsam t h e  last fraae ,  
tucns an the eoansaitece, acd t h e n  s h i f t s  t h e  wenory c o n t e n t  
s e r i a l l y  ko provide a PB-kilobits s e r i a l  pulse streaB which tt~odu- 
lakes t h e  kranssihter pgovi30 an@ frase a f  video data  over an 
agpraxiaate %--seead w%iM, The sbhbdes of gray  aae conveyed by 
the aaplitude sf each pulse, 

The base starfan -U$ at f s  shown f n  P i g u s e  2 - 3 ,  The base 
s t a t i on  video proeessar sanvcata t h e  receiver autput to d i g i t a l  
%same @a$a v i a  t h e  A%D esnvsr&ar, The h / D  conver8es output i s  
fed  altaxnate%y 86 ae%s;ebrp Wa, 1 and go, 2 so tbak a full frame i s  
always avaihable far  display  on mnikoh We, 1, The t i@%ng and 
control ~rsidtu%c always cannecks &be EeBP aamarp to t h e  D$A ean- 
v e r t e e  and in t u r n  to CCTV m n i t n r  No, P P9r displaye Thusl t h e  
CCTV m n i t ~ r  alto~nakely BfspXays t h e  output aB m-ry go. 1 and 
@a, 2 as %hey become fflled w%Bh B B ~ B ,  me afnfng and control 
so6u3e eonlains s sync generator %o reconsttuck tho hsrfzontal 
and vereical sync sad bPa~kPn9 pulses for aukgut 80 &he CCPV 
5mn i t ~ n :  I 
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%he base Pw6c u%e coalrsls tbe %bansmitees a allowing it 
to Be ope~ated i n  &he vo ice =der to request s single-picture 
ffa~e, ar &a ask g a r  r e p t i t d v e  p i c t u r e  f r m e s  every 3 secsnds ,  
The 4ase logic is desfgaed &a & able to p P f  several veh%c8ea in 
successisn via t h e  rewtttioc i n t a ~ r w a % i s n  m&e, 

b t h i r d  m a o r y ,  which i s  Pad Ba C m V  W n i t o c  %a. 2 v i a  a 
separate eanver t e z  , i s  prsvbded to starc knbePinStely any 
sne picture  fsasc eurrevtly Mia9 displayed an m o n i t ~ ~  Ho. B 
o n k i l  aaascd by the ~ a k o a -  The Bn&nsfeo aP pieeuae data ts 
aeeosy Ho- 3 %s acco~plfshsd ola @mra&or ea=%andB 

W v e % a p m ~ e  af a pratatgp ayskes was initiated i n  Jaauary 
2978, The onbasrd eqot at @a& &asigaed !to be iastalied in t h e  
AbTP Phase IP vshfcla, and t b t  b&%~g seatien was designed to BC 
p r t a b 3 c  so ths% b t  esulh b %n~B&fP&d at 1 convenient locat ion 
in the  D4m WXWT%S;P@S Bysteal 

Pbe Breadbarb o f  s h e  %yak&@ was co@p%st~d and desonsj;tfs%ted 
an Way 1678 at %Re Hata~oPa Zasilikfzs in C&8sagom Fbe bzead- 
b a g d  testing showed k B ~ t  pictuga transaisa%an qua2 ity was @%sen- 
tially eongtank with received signals b tuecn  106 uv and B uv* 
and tbae usabfs pPekure@ eouBd k ~ e e e i v e d  a4 XevaXs as Eaw as 
5 The tese setup is sbawn in Figure  2-1, Fhs caaexa 
m n i t a r  afw &free8  ldnc i s  shew= %w Pigaga 2-9a, Pfgure 2-%b 
i%%astratsa the p ic tu re  qoaHi%y & b ~ @ @ g h  &ha video PHOCBSBO~S with 
the link bnasscd v i a  uirsliae, P i q u g a s  2-Se and 2-56 shsw 
&be g i c k u r c  qeality at 100 up aad 0-9 uv ~ec@%vsd signal XeueBs, 
B ~ S ~ C ~ A V ~ P Y ,  
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I n  O c k o b s s  1958,  $ h e  pcoeatype aohile system was installs3 
i n  a van and used te ~ransait p i c t u r e s  u i f h i r *  a 2-5-aiBe r a d i u s  
o f  t h e  base s$a t iawe  P i g t ~ s e  2-6 shows a representative sa~ple a f  
t h e  receit~ed p i c t 5 ~ r e  a2 ?A@ base s t a t L o n ,  The piceure does n s k  
%ill %he screen a$ t h ~  TY aowieor beczase narrow band TV utilizes 
a 1 to % aspect r a t i o  CIS opposed %c t h s  szandasd CCTV 4 $0 3 
aspect cazte,  The p i c t u r e s  in Bigtire 2 - 5  d~ n s t  ze%l,cct the saae 
situation because the ~ ~ k a t o g ~ a g b s  3ave been made ts eecoi~msda~e 
the square  fo rma t ,  

The p r ~ > & ~ 3 e y p s  sys t e lp  was <ZePLvereb te Veuqht i n  29ousmber 
T %- 19'78 and demonstratgd as 3 park of the &U3F B.h-,as.b A Z  2esiqr1 

revfew, T h e  gaghi le  porkion sf t3e s:gstea %a& ia&taP%ed i n  zbe 
q * - x  / WUT,"P 2QC vehicie Nag ssJ3 ,  and ",I@ base  s$&ki;tofi ecuipment was 

i n s t a i l e d  i n  t h e  elect;:owlcs c c ~ ~ z  o f  & b e  AXATRAMS Sou th  Pa rk ing  B 
s t a t i ~ n  i n  J u l y  154'79, 



2 . 4  TEST P R a W M  

The TV base station was installed %n geaote passenger 
station 5EB, and h a s  been de-nstsated u i % b  t h e  vehicle aperating 
%hrsugR~uQ %he a i r p r  t, Caverage i a  p % s i b P e  thfoughout the 
ai~parr e x c e p t  fzom u i k h i n  B r a w i E f  s u b t e r m i n a l  2WB, The u n i t  has 
shown 8 greater range than the 2 miles anticipated* 
W p ~ ~ ~ x f ~ ~ t e l y  2 , 7  aiPea aEe b i n g  covered, which SnePudas the 
noctb end aZ t h e  a i ~ w ~ t ~  

A business = b i l e  license $67983 was secured from t h e  Fed- 
e r a l  tomsunieations fombssion fo r  &~6kskga t ian  o f  the syste~, 

The kcans@$k&@% muer %@v@l w a s  2 u a l f ~  and t h e  opsratPng 
frequency was 469,5373 aegake~ ta ,  

Dfsroqsrding t h e  Ifait&rions o f  amsecond picture Era@ trans- 
m i s s i o n  %&me, svaPeatio~ o% &Re TM aarvei%lan~~ de~onst~akian fs 
subjcct%vs and can only be diseusssd i n  %hc $sP%sufnq qualttatfve 
manner based u p n  oBscrvaBro~x 

8 % )  Pfctcge rcsohukisn at the baa@ stati~n sonitor rewained 
z c k w o t a n t  uiaA snPy S P P Q ~ B  w r t u r b a t f o n s  as t h e  veh i c l e  
prograsW erou~d me AXRFmNS 8yategc 

Occaaioaally, ePrchro~agnet6c d u x )  wodse lines were 
present  vl tbZn the received p d c k u r e p  Bua none were 
observed which s@riaus&y obscured reception, 

(31 The v e h i c l e  wssLs%g Iroa brighk sun9tdght 89 the Barker: 
ten~8naf ageas caused aafy @inor change in g u s l f t y  of 
base saakfon reccgtfon, 



Most kransit systems u t i l i z e  an onboard p u b l i c  address sys- 
t e m  operaked by the dsdver ar  conductor ts convey a u d i o  infor- 
~ a k i o n  ts the passengerse AGT syste~s, having no anboard opera- 
tsrs o e  attendants, musk prcvide audio infsraation by a l t e r n a t e  
means, The siwple AGT systeas sueb as Tampa and Seatac airports 
o n l y  have  ane rcute snd  initilized ~ i ~ p l e  prerecorded messages 
and s t anda rd  tape decks,  The AXWFMagNS system,  however, operates 
f i v e  sepasate ~ o u k e s  s e r v i n g  a %otal of $4 s t a t i o n s  which imposes 
a u n i q u e  set o f  requirement on an audio annsuncement QAAU) sys- 
tem, %he AAU musk select owe message auk o f  $he 24 available and 
ptay the selected message wdehin 5 seconds a f t e r  having received 
a wayside  caaaand designating the stadion being approached. The 
AXRTMHS W%ID utilized four modified comercial-grad@ @-track car- 
t r i d g e  players %or t h i s  puapsse, The car tr idge  tape decks were 
msdbfied so that eaeh deck had e i g h t  playback heads  i n s t e a d  of 
t h e  u s u a l  fous heads and end l e s s  loop cartridges with a single 
announcement sn each t rack,  The e%eetnonhc control circuitry 
t h e n  decoded t h e  wayside coaaand, selected one o f  the fsu~ tape 
d e c k s  and one s f  t h e  eight  tape heads to p lay  t+*e cQrre@t 
announcement, 81tRoagh the concept was good, the maintenance 
requi~ements for the t a p  decks were excess ive snc? t h e  opepa- 
tlonaP f i f e  af t h e  decks was unaakiafactory, The D/FW AIRTRAPS 
s ta f f  has  recently scrapped these units and installed a s i n g l e  
casset te  playback unit which has w ~ i n g l e  awnounceaent telling 
t h e  passengers to observe the  signs as they ente t  the station, 
This sslukion, of course, is - rise satisfsct~~y Bor t h e  visually 
impaired or already confused or disoriented passenger, 

Ws a part of a Vought research and development program in 
t h e  1975-77 time period, t h e  requirements %or WBO pe~farmance 
were reviewed* The WXRTR4NS requi~ement sf 5-second access %ime 
POP any AWU announcement was found to be unnecessarily ~ e s l r i s -  
tive since, even f n  a muleigle route %ystear stations m u s t  come 
sp i n  a Pixed sequence, The r e v i s i o n  o f  t h e  requirement ko 
recognize t h i s  geographic constraint allows an alternate approach 
to be utilized: namely, recording a13 sf the stak ian announce- 
ments in sequence on a s i n g l e  tapee Then, by u e c o n d i n ~  an identi- 
fication code an a second track on the  taper  t h e  BkU can utilize 
route code inf~rwakfan i n  combination with t h e  meaory s i  t h e  Bast 
announc~ment made to advance  the tape $0 be in p ~ s h t f ~ w  t o  play 
tba  n e x t  announcement* An experiment&% breadboard AAU, u t i l i z i n g  
a h i g h  yua%ity comme~cial casse t te  ~ecorder and an 8 - b i t  s ic ta -  
prucessarp was fabricated and demonstrated at D/FN APRTRAN8 i n  
$975, This  u n i t ,  shown i n  P i g u a e  3-1,  sperated i n  revenue 
serv i ce  p r f o s  ta the AUT Bragram over a 60-day period with nu 
discrepancies or  m a % Z u ~ ~ k f o n $ ~  Review of  t h e  d e s i g n  and p e ~ P a r = -  
iBsnee o f  t h P &  u n i t  led t o  the d e s i g n  s f  t h e  unit &a be 



FIGURE 3-1 EXPERgMEMTAt AAU BREADWARD 



deaonstrated on t h e  AUT Brograa, The t a p  player used in &Re 
experimental unit, a l r h s u g h  BE excellent gaality, was very  
expensive and unwecessarify csapPex f s ~  t A B s  application, W 
survey o f  available tape decks was aade and a u n i t  found vkieh 
nas specifically degtgned fss t h i s  appxicatisn, Ybe unit 
selected,  a Phideck Rode1 PIL, i s  envirsnaentalPy qualified, 
reaatively i a e x ~ n s i v e ~  awd easy to maintain* The eaperiaental 
u n i e  ~ic~oprocesssr was also replace& with a Batisaal "S@/#Pm 
50ard so t h a t  prwraa language would be comon to t h e  vehicle 
c c n t r s l  elecfzanics aicroprosaar, The block diagram sf t h e  AOTP 

i s  shown i n  Figure 3-2, and the M U  b~aadboard un i ts  age 
depiceed in P h g u r e  3-3, H a  should be naked  that the M U  a i e ~ o -  
processor aass cankaiws t h e  prsqraa to esnkra% the dyaaaic graph- 
ics unit to be d e s c ~ i k d  in Section 4,Q Since both u n i e a  akiliae 
t h e  same data, and t h e  R X J # F "  ~f@ropr~ces%~f h&s mare khan 
adequate capability, %he deeiaion was made ts utilize i t  sathet 
than imylesen t  a s e p a ~ a t e  proceassr 40s the dynaaic g~aphics* 





FlQURE 3-3 AUW P H S E  I 8  AAU BREADBGARD 



The AUFP audio a n n a u n c e ~ e n t  u n i t  was i n i & f a l l y  fabricated 
and t e s t e d  sn test vehicle T355 i n  &he sumer  of 2978,  Although 
soae minoc ERI @roblems were ene~untened~ t h e  u ~ i t  apparsd  %s 
operate satisfacto~iky~ Dasrinq B A e  kfae p r i o d  when T365 was 
being converted $0 eke P4B configurationa the M U  was @adiffed to 
add the d y n a ~ i c  graphics inte~face and to p r o p r l y  in te r face  t h e  
new veh ic le  csntzal electzonic~~ Additionally8 BHI prot@ction 
w a s  added in t h e  foam o f  a shielded enclsaurs and internal bypass 
capacitors on sensitive circuits* This u n i t  was t h e n  installed 
and c h e c k e d  aut o n  t h e  P10 v e h i c l e  in d u l y  1979, 

3 - 4  TEST PRKFS_W# 

%Re M U  was tested i~ the lab:-rntary gcfag  La inskaffatfan 
onboaed t h e  B I O  vehie2e f a r  final evaluation. The Eaborakoxy 
t e s t  facility f s  shown in F i g u r e  9-4, The t e a t  equipment 
consisted o f :  

( P I  Aha b ~ e a d h a r d  and speakers 

( 2 %  SC/MP wicroprscasaoc devela-ment systeas %or debugging 
the sof tware 

( 3 )  Teletype to s 2 p p t " k . h ~  debug syste~ 

( 5 )  l e s t  panel fog s e t t i n g  up announcement s ~ % o ~ @ ; s  
and v a r i s v s  s then  s i g n a l s  far tesking t h e  M U  

( 6 )  Card reade~ far  loading %he aachine language ptagran 
into %he asse~blez 





(83 Tape feader and tape punch far generaking and loading  
the ssftva~e object  module 

( 9 )  Power suppl ies  

The objectives o f  the Babgatary t e a t s  vere as fellsus: 

t13 Verification of Station Annsunseaents 

This tes t  consisted 0% addressing each of the 14 
stations, and verifying that  t h e  proper annauneements 
vere made, 

( 2 )  V e r E f  eat ion  of P&u%e D e t e s t i ~ n s  

This t e s t  eowsisked af ae%ceting a%B available 
passenger statfan Eoutesa and verifying that only t h e  
proper stakion a n w o u n e e e n t  for the selected route was 
=ad@, 

This t e s t  consisted o f  strobing the with i n v a l i d  
announceBents and route csdes and verifying that the  
W W U  does n o t  r e s p n d  ts invalid codes, 

The duration a2 all announceaents and the t iae  between 
announcements vere neasured, This data was used to 
v e r i f y  that enough travel tfae exists between stations 
to allow the AWU &a s e a ~ e h  for and ffad t h e  appropriate 
s t a t i ~ w  annsuwceaent prior  to arrival at t h e  station. 

A%% stations and a%% soutcs were rematedly strobed ts 
vezffy that the AWU wouXd consiatantlg respond 
c~rnrectXy, 

The audio %as subjectively tested fag quality and 
intelligibility, 

I n i t i a l  &eat% onbaard P48 ~eveaked same EHI problems in t h e  
form of ~ b s r t e d  announeeaents, The unit wae asdifged to Increase 
t h e  E R I  i m u n i t y p  and subsequent t e s t i n g  in the guideway has 
b e m ~ n s t ~ a t e d  satisfactary and ~aliabls psrf@raaacec 



The AIRTRANS system prov ides  b a t h  5ynemic and static graph- 
ics i n  fhe sfatians, and s t a t i c  graphics  only onboard t h e  vehi- 
~ 1 9 5 ~  The initial graphics graoided were very condusfnq, and 
several f8exaCgans o f  barh s%akIc and dynaaie atsplays were 
required to achieve adequate  d i s p l a y s ,  Roan today, passengers 
occasisna22y choasr the wrong r s u t a  because t h e y  do n s k  properly 
interpeck t h e  q r sph fc s  i n  t h e  szae%on,  This condftian i s  partie- 
u l a r l y  acute i n  a ~ultlroute ayscem s u c k  as AXRTMSS since a 
passenger can board a train whfcR does n o t  serve his destinatian 
an5 nok be aware af t h a t  f a c t  fgsm any Infsr~ation available to 
him anbsard the e ra in ,  Thin  sxprbenee,  p f u s  data gathered from 
DPB planners and t h e  System Sacuafty and Passengar S a f e t y  
prograa, l e d  ta t h e  deginiilrtow af an anboard J y n a m b c  grasphies 
system ~ h i c h  wsu3d provide  bakh r o u t e  and d@stfnakisn bnfosmakion 
ko the p a s s e n g e r ,  

4,2 DESIGN WPPR3aC8 

human $actors a n s x y s i s  was conducted %a ascertain the 
requfremenks i n  ge rms  sf visibiliey and size af  display chsrae-  
terse There are  o n l y  two psartkral 2 0 c s t i ~ n s  for a dynamic d i s -  
p l a y  onboard the vehicle: 8 daubfa-face p s n a l  hung $ io% $he 
ceiling i n  t h e  canter of %ha vehPcte or a set  of two panels  
i ~ o u n t e d  an t h e  electronics cabinets a t  the ends ~f the vehicle. 
The l a t t e r  Boeatiow was chosen since ft ~ r n i t t c d  use s f  a 
d i s p l a y  stllfziny la rge  characters, The  ainimua cha~actes s i z e  
in terms of readability az  thsss Bocat%ons w a s  Betarmined to be 
1-1/8 inches i n  ha igbk ,  A mark@% survey was then conducted t o  
determine avaPlab%lb%y of various display t y p e s ,  IncPudsd in t h e  
survey were ePectrsaeehaniea%, Incandescent, Eight eaitting d i o d e  
(LED), planar gas  d%sckaage and liquid c r y s t a l  Qiaplay (LCD) 
elements, Tabla 4-1 smaargzed eke advantages and disadvantages 
af each element t y p e ,  



T B C E  4-"rAVmTA@f S AND 0 1  AGES 98kF DgWU"%f ELEMEMT WBES 

DisgHsy Type &dvan$rage% Oisadvanteges 

P l a n a r  Gas 
Discharge 

Incandescent 
# d a l e s  

L a w  cast.. Reliable. 

Large ( 2  %s 3 inches), 
G w d  Visibility i n  br ight  
light, 

Large f2 ,7  to 1,7 inehe~), 
oisibilf ky rn brigha 

i ighe,  P~essnt Zy being used 
i n  ground t r & a s p g t a t i a a *  

Easy ta ~ e a d ,  
Easy to build, 

Small- Washout in 
b r i g h t  1 P g A t  . 

SsaHP (Qs65 inch 
aaxiau~8, Washout 
i w  bright l i g h t  * 

Very N o r  
reliabil i t y e  

Large skze for  
Xarge asounts o f  
daka, Washsue in 
bx fgRt ambient 
light* 
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increased t i m e  is taken i n t o  a c c s u n t  during the d e s i g n ,  -pica1 
specid%catfan dcafgn sheets list khe  o f s l o w i n g  LCD t*f".mperat~re 
limits: 

1 Operating T s a p r a t u r e  -280 to 980QC ( - 4 0  IQ +176QFS 

Respanss [ a f sa  and decay) times 83% LCD elcsants are  a fun@- 
& i o n  a E  teapcrakure ,  Wa~inaB r e s p n s s  I s  56 ail3isaconds at 25°C 
( 9 7 0 F ) ,  increasing %a 280 aPl&Bseco&s a$ BOC 132QP) and l o  f 
second st -28oC !-%QF], Any type o f  deqradatiow or loss of 
performance i s  aevarsbbie W ~ E B O P ,  F u K & ~ ~ ~ % ~ z o ~  $he LCD is 
InskaBled wPtkin an cnv%aasbaanea52y controlled vehicle or station 
interior - which f o r  avsrnight, cold-elbasta starage has proui- 
sfon f a r  B B ~ o v ~ ~  t e ~ p e ~ a t ~ r e  central, For extended p e i ~ d s  of 
caPd-c$Zmate s torage,  t he  vehicPa musk be esnd%tioned babors any 
alecrranic equ ipsa t ,  fncPudHw q r s g h l c s ,  can be e x p e c t a d  ts 
peefor@ ub&hEn design iiaits, 

Xn s r d e s  %a a f n f ~ i z c  &ha wiring ou t s ide  a f  the displays, the 
dec%siow was nada to utiaiaa t he  MU @ f ~ r 0 p f ~ ~ 8 8 8 0 8  CQ decode and 
format the dska far hhe dlsp3ay pansis, Pigare 4-2 shows kn 
block diagran f o r m  &ha functional elaacnts of the dynamic graphic 
system, me d isp lay  eLeaents srs ~acftad b y  s 5-volt  80 Bz 
source i n  t h e  M U ,  The a 5 e m n t  s@gmen&s &re fndiv8duaXly turned 
sn and off by latch c$ncuftry, mc M U  sends %he Iakch Psad%ng 
data and sddreases aorialPy eo %-sent groups, "f&s wnaa ic  
Graphics psagraD causes the display ko ~ c t f v a k s  upon doar c losure  
to show bseh rsuee and n s g t  s8&tiawe A s  t h e  vshfele stops at t h e  
s ta t i on ,  the d30f apzn eawawd eauscs t h e  =n&xt atation' ~ r t i o n  
of t h e  display &a go blank,  E &  ragains blank until t h e  dasrs 
eloss,  szgnffyfng depaztura fro@ the station, S%wca bokh the m e s  
sages and t h e  ae&ive%ion/deack%oatTsn o f  the dbsp&ay a r c  s~ftware 
ccntrs8%ed, msdkffcatfon 6 0  s fehar Es easily ac@amgliahad, 





4 , 3  HARDWARE DEVELOPMENT 

Because af t h e  r e l a t i v e l y  r ecen t  emergence o f  l a r g e  l i q u i d  
c r y s t a l  d i s p l a y  [ L C 3 1  alements, several sample e$emer,ts were 
obtained and installed i n  a test setup ta e v s h u a k e  the three seg- 
m e n t  t y p e s  avaiXa$%ez reflective, trans~fssive, and transflee- 
%Ive ,  The reflective seymenks were selected because o f  t h e i r  
wide  v i e w i n g  ang le  and readability aver a w i d e  range o f  ambient 
l i g h t  intensities, Tes ts  over spprQximately 500 h o u r s  showed no 
discernable degradation i n  performance i n  a n y  o f  t h e  sample 
u n i t s ,  The segments  a r e  sensitive to pressure  applied ts t h e  
face e f  the u n i t  however,  so t h e  assezbEy ( d e s i g n )  a s s u r e s  pro-  
t e c t i o n  of  t h e  individual segments, Const~uction d e t a i l s  a r e  
shown in Fi .gurs  4-3 ,  The seqments a r e  mountad to reiakively 
f a r g e  prin5ed circuit c a r d s  ( 3  h y  2 2  Inehes), w i t h  t h e  c a r d s  
be ing  maunted, u s i n g  spacers, b e h i n d  a p % e x l g l a s s  pane l ,  The  
finishsd assemhESes Mere tes ted under  l a b o r a t o r y  candleions In 
conjunctfan with t h e  AAU described i n  S e c t i o n  3, The  initial 

FIGdRE 144.3 DYNAMIC QRAPHICS CONSTRUCTION DETAILS 



checkout of t h e  r e v i s e d  software revealed that t h e  program a s  
wrikten exceeded t$e 4K of wemory p ~ a v i d e d  i n  the  M U  micro- 
processor, The software was m d i f i e d  to delete dynamic graphics 
on test routes se t h a t  meaory expansion %auld not be required, 
The two g~aphics display u n i t s  an4 t h e  AWO weE@ then installed 
and checked out on the P4O vehicle i n  July 1979, 

4,4 TEST PRWMH 

Initial t e s t  of the dynaaic  graphics o n b a r d  the P4B ~ ~ e h i e l e  
r e v e a l e d  inker~ittant pxobleas, These prsbleas were created by 
the EHH susceptabflity a f  t h e  M U  whkeh drives t h e  g r a p h i c s ,  
Des ign changes were nade ks t h e  M U  improve BHl esmpatibility, 
Subsequent %eat ing  in $he guideway at the B/m Airpart h a s  demon- 
strated reliable and satisfactsry perdoraance a% the s y s t e m ,  



I n  rhe existing AIRTRANS SynEea, a passenger w a i t i n g  a% a 
s t a t i o n  has  ns w a y  sf  knowing when h i s  vehicle w % S I  arrive, This 
i s  parti~ularly vex ing  ~o n pasasnqsr an a tight schedule, It i s  
believed t h a t  t h e  same type s f  frus$ra%kon w i l l  e x i s t  2s s DPM 
systellr without some fsrw of &fa@-to-arrival display, Thus, a 
time-to-arrival fTTA] display was G ~ v e i o p e d  and deaonstrated a t  a 
D / W  APRTWHS s e a t i a n ,  

5.2 DESIGN APPROACR 

The AXRTRAWS c e n t r a l  @a@puter &as all the ingorsetion 
required t o  coapute t h e  s s t f ~ a t e r f  ti~e-kc-arriva3 o f  t h e  newt 
vehicle ta a w r t i c u l a r  station, T t  was %here%o~e decided to 
modify the software & &  Central CowtssS ts provide %he cstinated 
kfme-ee-arrival infsraakisn, This f a f a x s a % i g n  3s zhen Erans- 
mitted to t h e  Pewate loeation ~uBlipXexer (RLW) located i n  t h e  
station, The time-to-arrival display receives the the da t a  from 
t h e  WLC, decodes i t  and a c e i v a t e s  t h e  approprfats & $ s p l a y  
efeme~ts, 

5,3 HARDWARE DEVELOPMENT 

The ratisnale d ~ r  selecting display elements f o r  t h e  wohfcle 
graphgcs {see %ect%sn 4,%) is gerkinent ts the F T A  display, P b f  
t h i s  reason t h e  same LCD elements used in %he vohfela graph ics  
are used for the s t a t i o n  TTB displayP Much of the  housfng hard- 
ware was axso bargowed fraa &he v~htcle 8fspHay with t h e  excop- 
tdon o f  the front panel w i t h  b%s fgxed graphics ,  Xn ad6Etfan, an 
extension w a s  added ts the back p2ate to faeflfkate maunliwg %ha 
d i s p l a y  %a the ewBstfng s&at iow graphics ,  Figure 5-2 be a phsto- 
graph of t h e  c~~sprpketsd T F A  display unit. H o t s  t h a t  &he hardware 
has the potential to display t h e  ti@@-to-arrival informat$on for  
up to three different routes,  However, the s t a t i o n  seaccted f o r  
t h i s  demonstration i s  a n i y  served By a s i n g l e  route.  



FIGURE 5.3 T@U& VQ-ARBtVAL W 3 T  

~ ~ ~ ~ ~ v e  t~ TTA 2:ap:ay $ 3  ac$ocgtjsha;d by software add i -  
%iod%x ta exla%i%g &T:<TRA?iS ~ c p e r % ~ - i s o r y  dsra sys%sn { S D S ] ,  
n e w  sc%t%ars t 3 s k  w*s  q%qera%ed f o r  t k a  AIRTRAHS c e n t r a l  praces- 
s a r  u i r i a  { C P S j ,  '%fa TP% %ask ?;tf15zed existing aEtibuwch$wg 
s 2 f t w a r e  38ts ",.:; g r : * v f ? ~  w I %st 3 2  w a y s i d e  sc3ntarcJ b l s z k s  $&at 

P S S Q ~ ~ - -  froa SEA arrival on %-%ina te  Zntervals, The TTB 
tasg is t g i ~ ~ g e r e 5  aczapaszy o f  each tYSesa specific c~wtx~:, 
S i o c ~ s  by passen3az t s s i ~ s  r ~ u e e d  for ehe SEA s t ~ c % s n ,  1 ,  shcuHd 
3e noted t h a t  tke s o t t w s r e  w a s  qeweralizgd ts acca~modate o the r  
passewget s 2 a t f u : % s  $3-autes,  1Be YTA & a s k  bg~ekkeeps afX & r a i n s  
pn t 3 t :  5 5 %  Y ~ G ~ F  ar-f tra~s3its B sfmpic two-gigit 3eclaak @ode to 
the affected i i n  this case E W  ~eanbnal proeess@r u n i t +  [TPU) v i a  
c x l s t r n g  canpunfcaticn f o ~ r n a " ~  The d W  1F3 snEtwaro was ~ o d j f f e t l  
e s  process t2;e nek T?$+ message from cenkr33 an9 i n c l u d e  i t s  Gata 



i n  t h e  5E reasxe lacetion @uPtipBexe~ (RLM) o u t p u t  cornand set. 
The final software addftfsn ta t h e  WIWTMMS SD5 included the 
msdifDcakiona of the 5 E  RE-% software to add the new autput word 
set to %he aedcd TT& hardware, 

T%e displayed Elme of t h e  i s  then $ha no~wah bunch 
controlled t%mc to a r r i v a l  of t h e  n e x t  trafn sarv icSng the SEA 
s e a t i o n ,  This infernatfan f s  sot =edified %or bteakdsms s r  
o the r  delays, but v i f f  84sarb kha raa~val of a t r a f n  from t h e  5EA 
r o u t e ,  

The il-uc, djBgi&s ad bfrsery-esdlr~d decf-% isrt %be SE R W  declve ia 
s tandard  " ~ a r ~ a % E y  open" r61ay ~ ~ S p a h  b a r d  fsfqht d i s c r e t e  s a t -  
puts) modu le  Boeake8 &% eke R W ,  mesa sfgns3s are dee~dsd by 
khe -A e%ectronies vkdeb tbsn ac t i va%a &he appropriate LCD 
@%enen&% fa r  shoving t h e  eshias%ed t i a ~  to sr~$vek of t h e  newt 
WEWTRWHS veh l c fa ,  W ocRc%akf@ of  Bhe mW stsctzon%e% and inter- 
cannectfnq ul~ing to kha 8U [RDD C m P B  computer is shown in 
Figure 5-2 ,  

5,1 TEST E"WER&%aR 

The T T W  ewit  was hestad i n  the e%ectronbcs k a b ~ r a t o r y  prior 
&s k B 1 w E a ~ y  $ s ~ % a % B & t l ~ r a  OP the unfe Pn tha D/m Sg3uBh Parking 
La& A atstion, me unit %as been he~an8tr&ttd $n this installa- 
tian a ~ d  proven eo awrata  satisfackory. 





Vouqht's ~ s i t l a n  in regard to khe e ~ b o a r d  f V  surveillance 
ask is n o t  to pass  judgment a w n  ehe usefulness an sffeceivenees 
f the system, but ko implement and Qe~onsPrate the hardwars, 

This t a s k  was  aczo~pldsbcd i n  t h a t  b ~ e h  vehicle-borne and base 
s t a t i o n  equipment were integrated w i t h $ >  the Dim WIRPWASS 
system, using %@st vchbeHe P I O ,  and demanstoat&@ 

The TV surveil lance sguipmant f unctfonsd &a planned and 
specified f a r  c h i s  appPicaEZan ue%Zfafng a s i n g z e  v @ h i c l a -  %A@ 
w t e n t l a 8  user must recognize t h e  iwharent 19~iratisn s f  the 
3-kilohertz Em transei~slon r 3 t e  vkieb requires 3 seconds for  t h e  
transmission o f  t h e  d i g i t a l  Saga eo ~@eonskruct a single Brama af  
t h e  p i c t u r e  as viewed by t h e  carborne caeeta, Therefore, the 
most cffectiva way %a ~ k i l f z t  t&$s h&r&w&~e Sn s spc i f ic  pespEe 
aover scenar P s  ha s  n o t  been e%zsbl%sk@d, Q a e a k f ~ n s  eoncer3ing 
qusntfty ~ n d  plaee~ena o f  cameras i n  the uehicXes, effecefvsness 
a f  v i e w i n g  d u r i n g  rush h s u ~ s ,  bass s t a t i o n  condigaraB%ons, us@ sf 
video rs@arders, %kc, must be addressed bar s ~ I @ ~ E ~ c  
applbca%ion ss Pe arises, 

One of several ways s f  dti$iz%ng t h e  system i s  d i s c u s s e d  
below: 

$11 The base statbaf i  w i d g o  manitar i s  autaaaticafly 
switched fro@ veh i c l e  to vchicfe within Lhe s ~ r s t f r ~ g  
f Beet, 

(21 The switching rake and Xsngrh 0 6  t f s s  s w w t  I w  
displaying a siwgfe video Bra@@ from a s f w f a  vehicle 
are csntralfed varfab%as vhfch musk consfdsr &he 
3-kiPoharkz Qransmfss%sn rate %iwfta%isna- 

( 3 )  The base srakban absarver W O U $ ~  hawe the ~ ~ p b i % i Q y  to 
msnually ~ v c r r i d c  &he autoaatic sequencing and P o  l a c k  
in sn a s i n g l e  vehicle, The ebsarver could  be alerted 
to problems on a vehicle by reca%pl of an eBergeney 
c a l l ,  b y  receiving radio krsnsaissfon of loud wsises  
w i t h i n  $be vehicle or by aZRer meanse d 

443 Each vehic%e c o u l d  i n c o r ~ r a t e  a real-time vides eape 
system aczivated by %he base skation observer in 
response ts kbe emergency caEP, 

5 ,Z  IMPROVED WUaf Q WNXOUNCEMEMT UHXT 

The audio announcemen& unit $AAU> deweloped for the AUTB pro- 
gram is working well, Except far t h e  i n i t i a l  E w l  psoblems, which 
hawe been re so lved ,  ns hardware failures s r  malEunctisns have 
been reported  a f t e r  mare t h a n  3,060 miles sf  opereki~n snhaard 



the P4G passenger veh%cXe, k t  appears t h a t  t h e  goal sf  devel- 
oping a law-cost, reliaole, easily aaiwtained audio  announcement 
d n P L  foe an AGT e a 5 ~ i f ~ n s e ~ t  has k e n  see, 

Puether i~pro-geaen%s ta %he MQ eaald probably be kealized 
by negi2cfng t h e  tape deck and casse%te w i t h  a solid-state digi- 
t a l  meaary Ear searing t h e  audio announceaeaQs, Solid-%ta$e 
%e@ories for audio stoiage bad k e n  coaside~ed f o ~  t h e  WUTP pro- 
graa,  WE was wat used keeausc  eke cost at &&a% time would have 
been g~chibieivc~ H G W E V ~ Z ~  recent advances i n  Reaszy technalagy, 
paxkfcaBar ly  in B u b b l e  aewricsv indkcates  &he t i s e  has eoBe f s h  
pzactieaP audio storage in sa% id-state SCHQP bea, The advantages 
sf solid-sk~te aud io  storage ane &woEoBdc Pixst, it would 
enbanca the syshea r e l 6 ~ b i X 8 t y ~  A well designed sol id-state  AAU 
*auld  be n e a r l y  zai~te~&aee free* S C ~ O R ~ ~  the so l id - s ta t e  WAU 
would have near i n s t a n t a n c ~ u s  aecePs &a a lk  ehe ann~uncemewts~ 
which usuld ePi~LnaQe $he t i m e  eswswiwg seaech for t he  next  
anaaunceBent on a t a p  cBasetze* I k  would also eli~inate the 
satkcr caapBex s ~ f t v a z c  required &a dete~minz %be n e x t  announce- 
ment far t h e  p a r e t c u l a ~  soukc Eso which t h e  v e h i c l e  i s  scheduEed, 

Fha onb~and $2xaphies developed Lo% the A8mP peogram meets 
t ho  prsgcaR gaais sf providing t h e  passenqep vPth curxent P n f s r -  
aaBk~a ~egaadicmq vehicle %ask@% and s ta t ion  seaps, Mo f af  lures 
o g  aa9funchions h a v e  &en s s p r t e d  an the two graghie d i s p l a y s  
instaPBed anbaa~d tbe P13 prokot o e h i ~ l e s  after asce than 
3,600 miles of vehLcPe ap*ca$ion, Public escepkance sf  t h i s  type 
aL digplay awaits t h e  degX@yma& of the prototyw veh i c l e  f n t s  
revenue service, 

Seae gueatkons still ~ e ~ a i a  aa ko hhe Bong-te~a reliability 
G E  the l a r g e  I fqu id  crystal display elemnts uaad in t h e  gzaph- 
i s  Hni$ieP m r t s l i 8 y s  daring lab checkout sf these uni ts ,  was 
h igh-  Hsuewer, once %he veak e%eaenke had been weeded out,  no 
g u e e h e ~  fa%fafes were naked* An inddcationd at feasta of &heir  
Isng-$ern reliability should h abkained by aowitaring the perfos- 
wance sf t h e  graphics duafng operation sf P4O in revenue  service, 

The hardware required to i ~ p k e ~ e w f  a ti%@-to-arrival d i s p l a y  
i s  s t g a i g R t  forward, simple and inexpensive, In a system where a 
c e n t r a l  moni%osing coaputez i s  i n  r o ~ u n d c a t i o n s  with a s t a t i o n ,  
Sk seeas appgopKiate to p~svide t h e  passenger with information 
regagding arrival t i ~ e s ,  
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