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ABSTRACT 

The advent o f  c o m p u t e r - c o n t r o l l e d  e l e c t r o n i c  f reeway s u r v e i l l a n c e  

and c o n t r o l  systems i n  t h e  p a s t  decade r e p r e s e n t s  a  p o t e n t i a l l y  

s i g n i f i c a n t  new o p e r a t i o n a l  t o o l  f o r  t r a f f i c  o p e r a t i o n s  eng ineers  i n  

l a r g e  urban areas.  These systems a r e  capable  o f  respond ing  t o  r a p i d l y  

changing t r a f f i c  c o n d i t i o n s  and i n  v a r i o u s  demons t ra t ion  p r o j e c t s  t h e y  

have proven u s e f u l  i n  m a i n t a i n i n g  an accep tab le  l e v e l  o f  s e r v i c e  f o r  

f reeway o p e r a t i o n s ,  reduc ing  t h e  e x t e n t  and d u r a t i o n  o f  t r a f f i c  

conges t ion ,  m i n i m i z i n g  t h e  adverse e f f e c t s  o f  a c c i d e n t s  and o t h e r  

i n c i d e n t s  on t r a f f i c  opera t ions ,  and r e d u c i n g  a c c i d e n t  exper ience.  

S i g n i f i c a n t  new s u r v e i l l a n c e  and c o n t r o l  systems are b e i n g  developed . 
i n  Los Angeles and M inneapo l i s  (where a  p r i m a r y  o b j e c t i v e  i s  t h e  

e f f i c i e n t  o p e r a t i o n  o f  express bus s e r v i c e  i n  mixed freeway t r a f f i c ) ,  and 

r e s e a r c h  i s  i n  p rogress  i n  France. West Germany, Great  B r i t a i n .  I t a l y ,  

and Japan, as w e l l  as  i n  N o r t h  America. S u r v e i l l a n c e  system g o a l s  and 

techn iques  f o r  a c h i e v i n g  these  goa ls  a r e  rev iewed i n  t h i s  paper w i t h  

p a r t i c u l a r  emphasis on t h e  problem o f  managing unexpected c a p a c i t y - r e d u c i n g  

i n c i d e n t  s i t u a t i o n s .  Recent research  has demonstrated t h e  f e a s i b i l i t y  o f  

d e t e c t i n g  i n c i d e n t s  f r o m  t r a f f i c  f l o w  data ,  and t h e  use fu lness  o f  t h i s  

techn ique i s  compared w i t h  a l t e r n a t i v e s  such as c l o s e d  c i r c u i t  t e l e v i s i o n  

s u r v e i l l a n c e  and emergency roads ide  te lephones. 



INTRODUCTION 

The urban highway p l a n n e r ' s  t r a d i t i o n a l  s o l u t i o n  t o  congested f reeways 

has been t o  b u i l d  more freeways, b u t  t h e r e  i s  growing r e c o g n i t i o n  t h a t  con- 

g e s t i o n  cannot be prevented by highway des ign  alone. Furthermore,  u n l e s s  

t h e  necessary r i g h t - o f - w a y  has a l r e a d y  been reserved,  i t  i s  becoming 

economica l l y  and p o l i t i c a l l y  more i m p r a c t i c a l  t o  e i t h e r  widen e x i s t i n g  

freeways or b u i l d  new ones i n  developed u rban  areas. A need has t h u s  

developed f o r  techn iques t o  make b e t t e r  use o f  e x i s t l n q  freeways by managing 

t h e  t r a f f i c  seek ing t o  use t h e  freeway. Freeway conges t ion  i s  l a r g e l y  a 

phenomenon o f  morn ing and a f t e r n o o n  peak per iods ,  and i t  i s  a t  these  t i m e s  

t h a t  f reeway c a p a c i t y  shou ld  be cons ide red  a scarce p u b l i c  resource  whose 

a l l o c a t i o n  t o  users  i s  r e g u l a t e d .  

Congest ion i s  t h e  r e s u l t  o f  t h e r e  be ing  t o o  many v e c h i c l e s  on t h e  

freeway. The c a p a c i t y  o f  t h e  freeway, t h e  maximum number o f  v e h i c l e s  t h a t  

n o r m a l l y  can pass th rough  i n  a g i v e n  t i m e  p e r i o d ,  i s  reached a t  t r a f f i c  

d e n s i t i e s  o f  about 60 v e h i c l e s  p e r  m i l e  p e r  t r a f f i c  l ane .  A t  g r e a t e r  

d e n s i t i e s  average speeds decrease, t r a f f i c  f l o w  decreases, and o p e r a t i o n s  i n  

genera l  become uns tab le .  The t r a f f i c  e n g i n e e r i n g  s o l u t i o n  t o  conges t ion  

should  be t o  p reven t  excess t r a f f i c  by  r e s t r i c t i n g  access t o  t h e  f reeway 

when necessary.  Research i n  t h e  p a s t  15 years  has l e d  t o  t h e  e v o l u t i o n  o f  



t h e  e l e c t r o n i c  f reeway s u r v e i l l a n c e  and c o n t r o l  system where a  d i q i t a l  

computer mon i to rs  t h e  t r a f f i c  on t h e  f reeway and determines o p t i m a l  c o n t r o l  

s t r a t e g i e s  t o  d i v e r t  t h e  excess t r a f f i c .  T y p i c a l l y ,  t h e  a t t r a c t i v e n e s s  

o f  t h e  f reeway has l e d  t o  u n d e r - u t i l i z a t i o n  o f  a d j a c e n t  c i t y  s t r e e t s ,  so 

a  c o n t r o l  s t r a t e g y  works toward g r e a t e r  u t i l i z a t i o n  o f  a l l  components o f  

t h e  freeway c o r r i d o r .  S u r v e i l l a n c e  system goa ls  and techn iques  f o r  a c h i e v i n g  

these  goa ls  a r e  rev iewed i n  t h i s  paper w i t h  p a r t i c u l a r  emphasis on t h e  

management o f  conges t ion  caused by unexpected c a p a c i t y - r e d u c i n g  i n c i d e n t s .  

FREEWAY SURVEILLANCE AND CONTROL 

A l l  f reeways a r e  k e p t  under s u r v e i l l a n c e  by moving p o l i c e  p a r t r o l s .  

and i n  r e c e n t  years  c l o s e d  c i r c u i t  t e l e v i s i o n  systems have been used t o  

m o n i t o r  t h e  t r a f f i c  on b r i d g e s ,  i n  t u n n e l s ,  and t roublesome s e c t i o n s  o f  

freeways. The advent o f  s o p h i s t i c a t e d  computer -superv ised f reeway s u r -  

v e i l l a n c e  and c o n t r o l  systems adds a  p o t e n t i a l l y  s i g n i f i c a n t  new dimension 

t o  t h e  te rm s u r v e i l  lance.  I n  1964 Weinberg d e f i n e d  computer -superv i  sed 

s u r v e i l l a n c e  as 

A c l o s e d  l o o p  system ... t h a t  p r o v i d e s  f o r  s u r v e i l l a n c e  o f  t r a - f f i c  
o p e r a t i o n s  which can be processed by a  computa t iona l  l o g i c  i n  a  
r e a l - t i m e  computer, t e s t i n g  observed c o n d i t i o n s  a g a i n s t  a  s e t  o f  
d e c i s i o n  r u l e s ,  s e l e c t i n g  comnands i n  l i g h t  o f  t h e  r e s u l t s  o f  t h e  
t e s t s ,  a c t i v a t i n g  a p p r o p r i a t e  c o n t r o l s  o r  c o m u n i c a t i n g  w i t h  d r i v e r s  
t o  improve t r a f f i c  movement when necessary,  and then  reassess ing  t h e  
t r a f f i c  b e h a v i o r  t o  determine i f  f u r t h e r  c o r r e c t i o n s  a r e  t o  be made. 

The p r i n c i p a l  goa l  o f  a  freeway s u r v e i l l a n c e  and c o n t r o l  system i s  t o  

m a i n t a i n  an accep tab le  l e v e l  o f  t r a f f i c  s e r v i c e  on t h e  freeway. T r a f f i c  i s  

mon i to red  by means o f  i n d u c t i o n  l o o p  d e t e c t o r s  imbedded i n  t h e  pavement o r  

u l t r a s o n i c  dev ices  on overpasses, g e n e r a l l y  a t  h a l f - m i l e  i n t e r v a l s  i n  each 

lane.  When freeway demand exceeds c a p a c i t y  a t  some p o i n t ,  t h e  e n t r y  o f  

a d d i t i o n a l  v e h i c l e s  t o  t h e  f reeway upstream i s  r e s t r i c t e d  by means o f  t r a f f i c  

s i g n a l s  i n s t a l l e d  a t  each en t rance  ramp. Excess demand i s  e i t h e r  " s t o r e d "  



o r  d i v e r t e d  t o  a l t e r n a t e  r o u t e s  ( F i g u r e  1 ) .  V e h i c l e s  queued a t  t h e  

en t rance  ramp s i g n a l  r e p r e s e n t  s t o r e d  demand which i s  a l l o w e d  t o  e n t e r  

t h e  freeway a f t e r  some de lay.  T h i s  can be an e f f e c t i v e  way t o  c o n t r o l  

f reeway conges t ion  i f  s u f f i c i e n t  en t rance  ramps a r e  metered and e x c e s s i v e l y  

l o n g  ramp queues can be avo ided  th rough  d i v e r s i o n .  

Ramp m e t e r i n g  i s  thus  t h e  f u n c t i o n a l  b a s i s  o f  t h e  system. Ry l i m i t i n g  

t h e  r a t e  a t  which v e h i c l e s  e n t e r  t h e  freeway, t h e  ramp m e t e r i n q  c o n t r o l s  

f reeway c o r r i d o r  opera t ions .  For  d r i v e r s  a l r e a d y  on t h e  f reeway t h e r e  

should  be t a n g i b l e  b e n e f i t s  i n  terms o f  l e s s  conges t ion  d u r i n g  t h e  peak 

p e r i o d  and more o r d e r l y  merg ing movements a t  t h e  en t rance  ramps. Demonstra- 

t i o n  p r o j e c t s  i n  Houston,Chicago, and D e t r o i t  have shown s i g n i f i c a n t  r e d u c t i o n s  

i n  t h e  e x t e n t  and d u r a t i o n  o f  peak p e r i o d  conges t ion  and i n  t h e  number o f  

a c c i d e n t s  t h a t  occur  on t h e  f reeway 2 '3 .  The r e d u c t i o n  o f  merg ing c o n f l i c t s  

b e n e f i t s  t h e  ramp user  as w e l l .  A  s tudy  o f  rea r -end  c o l l i s i o n s  on an 

en t rance  ramp i n  A t l a n t a  where t h e  a c c e l e r a t i o n  lane  was o f  i n s u f f i c i e n t  

l e n g t h  showed t h a t  ramp m e t e r i n g  b rough t  about a  90% r e d u c t i o n  i n  these  

4 c o l l i s i o n s  . Ramp m e t e r i n g  i n s t a l l a t i o n s  thus  can compensate f o r  subs tandard  

geometr ic  f e a t u r e s  and perhaps reduce t h e  number o f  a c c i d e n t s  on t h e  

ent rance ramps. 

DRIVER WILLINGNESS TO DIVERT 

Savings i n  t r a v e l  t ime  by on-freeway users  a r e  a t  t h e  expense o f  t h e  

ramp u s e r  un less  improved freeway t r a v e l  t imes  compensate f o r  h i s  en t rance  

ramp de lay .  Over a  l o n g  p e r i o d  o f  t i m e  d r i v e r s  may l e a r n  t o  a v o i d  congested 

ramps and a v o i d  t h e  f reeway f o r  s h o r t  t r i p s .  T h i s  w i l l  mean more t r a v e l  on 

c i t y  s t r e e t s  and t h e r e  must e v e n t u a l l y  be a t r a d e - o f f  i n  t h e  amount o f  

conges t ion  t h a t  can be t r a n s f e r r e d  f rom t h e  f reeway and t h e  conges t ion  t h a t  

may be c r e a t e d  on c i t y  s t r e e t s .  

Some researchers  m a i n t a i n  t h a t  demand r e d i s t r i b u t i o n  can be accompl ished 



by p r o v i d i n g  d r i v e r s  w i t h  c u r r e n t  t r a f f i c  c o n d i t i o n s  i n f o r m a t i o n  on t h e  

f reeway. Hea th ing ton ,  W o r r a l l ,  and H o f f  surveyed 732 Chicago-area d r i v e r s  

on t h e  i n f o r m a t i o n  d e s i r e d  by them i n  a  f reeway c o r r i d o r  5. They found 

t h a t  d r i v e r s  on t h e  f reeway d e s i r e d  r e l e v a n t  t r a f f i c  i n f o r m a t i o n  no m a t t e r  

what t h e  p r e v a i l i n g  s t a t e  o f  t r a f f i c  o p e r a t i o n s .  I f  t h e y  were c o n f r o n t e d  

w i t h  c o n g e s t i o n  t h e y  d e s i r e d  s p e c i f i c  i n f o r m a t i o n  as t o  whether  t h e r e  was 

an a c c i d e n t  o r  o t h e r  c a p a c i t y - r e d u c i n g  i n c i d e n t  ahead. Dudek. Messer 

and Jones surveyed 505 Texas d r i v e r s  and found t h e  most  p r e f e r r e d  t ypes  o f  

i n f o r m a t i o n  t o  be t h e  l o c a t i o n  and l e n g t h  o f  t h e  congested a rea  (712 o f  t h e  

respondents)  and s e v e r i t y  o f  c o n g e s t i o n  (692)  6. The m a j o r i t y  o f  t h e  

respondents  would use an a l t e r n a t e  r o u t e  t o  a  f reeway t o  bypass such conges t ion .  

A l though  t h e  above r e s u l t s  a p p l y  t o  d r i v e r s  a l r e a d y  on t h e  freeway, i t  

can be i n f e r r e d  t h a t  d r i v e r s  i n t e n d i n g  t o  e n t e r  a  f reeway would  d e s i r e  much 

t h e  same s o r t  o f  i n f o r m a t i o n  p r i o r  t o  t h e i r  e n t r y .  Dudek, Messer and Jones 

found t h a t  m o t o r i s t s  would p r e f e r  t o  d i v e r t  t o  an a l t e r n a t e  r o u t e  b e f o r e  

r e a c h i n g  t h e  f reeway r a t h e r  than  when a l r e a d y  on t h e  f reeway. W i t h  s p e c i f i c  

i n f o r m a t i o n  r e g a r d i n g  t h e  e x t e n t  o f  t h e  d i s r u p t i o n  d r i v e r s  can dete 'mine 

t h e i r  b e s t  a l t e r n a t e  r o u t e  t o  a v o i d  t h e  c o n g e s t i o n  and s t i l l  c o n v e n i e n t l y  

reach  t h e i r  d e s t i n a t i o n .  . 
Severa l  exper iments  w i t h  v a r i a b l e  message s i g n s  t o  i n f o r m  d r i v e r s  

have been conducted on t h e  Lodge Freeway i n  D e t r o i t .  No e f f o r t  was made 

t o  encourage f reeway d r i v e r s  t o  l e a v e  t h e  f reeway i n  t h e  even t  o f  conges t ion ,  

b u t  l a n e  c o n t r o l  s i g n a l s  and v a r i a b l e  speed l i m i t  s i g n s  were used t o  p r o v i d e  

advance warn ing  o f  conges t ion  and encourage more o r d e r l y  t r a f f i c  movements. I 

D r i v e r s  g e n e r a l l y  i g n o r e d  t h e  a d v i s o r y  speed s i g n s  b u t  d i d  tend  t o  obey l a n e  

c l o s u r e  s i g n a l s  i f  freeway demand was l e s s  than  c a p a c i t y .  When demand 

exceeded t h e  rema in ing  c a p a c i t y  when a  l a n e  was c l o s e d  t h e  s i g n a l s  had l i t t l e  

impact .  Thus, d u r i n g  peak p e r i o d s  o f  h i g h  demand " t h e  b e n e f i t s  o f  t h e  l a n e  



con t ro l  s igna ls  [were] very smal l"  i n  terms o f  improving freeway t r a v e l  t imes. 

Lane con t ro l  s igna ls  a re  the  pr imary means f o r  su rve i l l ance  and c o n t r o l  on 

the Trans-Canada Highway t o  be opened i n  1974 i n  downtown Montrea!. I f  t h e  

D e t r o i t  experience i s  repeated i n  Montreal,  then i t  i s  u n l i k e l y  t h a t  t h e  

s igna ls  w i l l  be e f f e c t i v e  i n  a l l e v i a t i n q  peak pe r iod  congestion, a l though 

they should be usefu l  du r ing  uncongested per iods i n  p rov id ing  advance warning 

o f  lane blockages. 

To encourage d i ve rs ion  before d r i v e r s  en ter  the freeway, dynamic ramp 

cond i t i on  in fo rmat ion  signs were i n s t a l l e d  i n  1968 and 1969 a long a convenient 

sur face s t r e e t  a l t e r n a t e  rou te  t o  the  Lodge Freeway. D r i ve rs  approaching 

the v i c i n i t y  o f  each metered entrance ramp were informed o f  the  ex is tence o f  

uncongested downstream entrance ramps should the adjacent ramps be congested 

o r  advised t o  cont inue along an a l t e r n a t e  rou te  should a l l  the ramps d isp layed 

on a s ign  be congested. A survey o f  Lodge Freeway users showed t h a t  41% 

claimed t o  use t h e  signs and 27% would avoid the freeway a l t oge the r  i f  a s ign  

i nd i ca ted  a l l  entrance ramps congested. 8 

THE IMPACT OF INCIDENTS ON TRAFFIC FLOW 

Accidents and o the r  i nc iden ts  are s t a t i s t i c a l l y  r a r e  events, occu r r i ng  

once every 20,000 t o  30.000 vehic le-mi les o f  t r a v e l .  but  on h igh  volume 

freeways they w i l l  occur w i t h  such frequency t h a t  they must be taken i n t o  

account by su rve i l l ance  and con t ro l  systems. For example, 4 t o  5 lane 

blockages occur each day on a 6.5 m i l e  sec t ion  o f  the  Gu l f  Freeway i n  

Houston. The e f f e c t s  o f  a  lane-blockage i n c i d e n t  on t r a f f i c  f l o w  are  

s i g n i f i c a n t .  Blockage of a s ing le  lane halves t h e  capac i ty  o f  a three- lane 

freeway, a capac i ty  reduc t ion  d ispropor t ionate  t o  t h e  reduc t i on  i n  w id th  o f  

the  t r a v e l l e d  way. An accident  t h a t  blocks two lanes ou t  o f  th ree  wa,s 

found t o  reduce capaci ty  by 7 9 % ,  and evep i nc iden ts  on the  shoulder occas iona l ly  

a f f e c t  freeway t r a f f i c  when they a t t r a c t  the  a t t e n t i o n  o f  passing motor is ts .  



The presence o f  a  l a n e  b lockage  i n c i d e n t  i s  l i k e l y  t o  c r e a t e  c o n s i d e r a b l e  

excess freeway c a p a c i t y  downstream whjch can be used t o  advantage i n  

o p t i m i z i n s  f reeway c o r r i d o r  o p e r a t i o n s  i f  t h e  means a r e  a v a i l a b l e  f o r  

d i v e r t i n g  f reeway demand t o  these s e c t i o n s  w h i l e  t h e  i n c i d e n t  i s  i n  p r o g r e s s .  

P l o t s  o f  downstream volumes d u r i n g  t h r e e  Lodge Freeway i n c i d e n t s  a t  

v a r y i n g  t i m e s  o f  t h e  peak p e r i o d  a r e  p resen ted  i n  F i q u r e  2. The c o n s i d e r a b l e  

amounts o f  a v a i l a b l e  downstream freeway c a p a c i t y  a r e  e v i d e n t .  The shaded 

areas r e p r e s e n t  t h e  s t o r e d  demand upstream o f  t h e  i n c i d e n t .  For  t h e  i n c i d e n t  

o f  l o n g  d u r a t i o n  i n  t h e  upper  p a r t  o f  F i q u r e  2, d u r i n g  which t i m e  f reeway 

t r a f f i c  was s topped by  t h e  p o l i c e  f o r  s e v e r a l  m inu tes ,  o v e r  1000 v e h i c l e s  

were p reven ted  f rom p a s s i n g  t h e  downstream d e t e c t o r  s t a t i o n  between 3:14 

and 3:35 p.m. 

MANAGING INCIDENT SITUATIONS 

The o p t i m a l  s t r a t e g y  f o r  a  s u r v e i l l a n c e  and c o n t r o l  system d u r i n g  a  

c a p a c i t y - r e d u c i n g  i n c i d e n t  i s  t o  immed ia te l y  r e s t r i c t  o r  p r e v e n t  a d d i t i o n a l  

v e h i c l e s  f rom e n t e r i n g  t h e  f reeway upstream o f  t h e  i n c i d e n t ,  w i t h  t h e s e  

d r i v e r s  adv ised  t o  e n t e r  downstream and t a k e  advantage o f  uncongested 

freeway c o n d i t i o n s  t h e r e  ( F i g u r e  1 ) .  As i n d i c a t e d  i n  F i q u r e  3, t h e  d i v e r s i o n  

o f  some freeway users  w i l l  a l l o w  normal o p e r a t i n g  c o n d i t i o n s  t o  be r e s t o r e d  

sooner, and t h e  t o t a l  d e l a y  t o  on-f reeway users  w i l l  be reduced by t h e  

shaded area.  

The d e s i r e d  demand r e d i s t r i b u t i o n  can be ach ieved  by  i n f o r m i n g  p o t e n t i a l  

ramp u s e r s  o f  c o n g e s t i o n  s p e c i f i c a l l y  caused b y  an i n c i d e n t  by  ramp c o n d i t i o n  

i n f o r m a t i o n  s i g n s  o r  v a r i a b l e  message s i g n s  ( F i g u r e  1 ) .  M e t e r i n g  r a t e s  upstream 

can be n o r e  a c c e p t a b l y  reduced, o r  t h e  ramps c losed ,  i f  t h e  reason i s  an 

i n c i d e n t  and d r i v e r s  a r e  made aware of t h i s  t h r o u g h  t h e  s i q n i n g  system. 

C o n c u r r e n t l y ,  d r i v e r s  can be adv ised  t o  proceed a l o n g  a l t e r n a t e  r o u t e s  w i t h  

t h e  knowledge t h a t ,  whatever t h e  downstream o p e r a t i o n s  a r e  a t  p r e s e n t  (on- f reeway 



t r a f f i c  t h a t  had passed b e f o r e  t h e  i n c i d e n t  began) downstream c a p a c i t y  w i  11 

be a v a i l a b l e  b y  t h e  t i m e  t h e  d i v e r t e d  d r i v e r s  reach t h e  downstream en t rance  

ramps. Th is ,  o f  course,  can be accompl ished o n l y  i f  inmed ia te  response 

i s  made by t h e  s u r v e i l l a n c e  c o n t r o l l e r  t o  t h e  i n c i d e n t .  Once an i n c i d e n t  

has begun, demand a t  downstream s t a t i o n s  w i l l  s lacken  w i t h i n  minutes.  To 

f u l l y  u t i l i z e  t h i s  excess c a p a c i t y  t h e r e  must be immediate d i v e r s i o n  o f  

upstream v e h i c l e s  t o  t h e  s u r f a c e  s t r e e t s .  Convent iona l  means o f  comnunicat ion 

w i t h  d r i v e r s  a r e  p r e s e n t l y  inadequate f o r  t h e  task .  A Houston e v a l u a t i o n  

o f  commercial r a d i o  announcements o f  f reeway a c c i d e n t s  showed t i m e  l a g s  

averag ing  20 t o  30 minutes i n  r e p o r t i n g  them lo. The s t a t i o n s  r e c e i v e d  t h e i r  

i n f o r m a t i o n  f rom t h e  p o l i c e .  

The a b i l i t y  o f  t h e  Lodge Freeway s u r v e i l l a n c e  system t o  d i v e r t  t r a f f i c  

i s  i n d i c a t e d  i n  Table  I when a  f o u r - c a r  a c c i d e n t  o c c u r r e d  a t  3:14 p.m. 

(see a l s o ,  F i g u r e  2) between t h e  Seward Avenue and Chicago Bou levard  

en t rance  ramps. Over 100 v e h i c l e s ,  some 20% o f  t h e  demand a t  t h e  n e a r e s t  

two ramps upstream, West Grand Boulevard and Seward, were d i v e r t e d  t o  t h e  

downstream Chicago and Webb ramps. T h i s  d i v e r s i o n  was d o u b t l e s s l y  b e n e f i c i a l  

t o  f reeway o p e r a t i o n s  a l though  i n s u f f i c i e n t  t o  p reven t  some f reeway congest ion.  

S u r t i  and Gerva is  l1 found  t h a t  t h e  a d d i t i o n  o f  a p p r o x i m a t e l y  200 more v e h i c l e s  

d u r i n g  a  h a l f  hour p e r i o d  on t h e  S e r v i c e  d r i v e  o f  t h e  Lodge Freeway caused 

t e n s i o n  l e v e l s  and t r a v e l  t i m e  t o  s i g n i f i c a n t l y  d e c l i n e .  However, t h e  

s e r v i c e  index  o f  t h e  s e r v i c e  d r i v e  remained b e t t e r  than  t h a t  o f  t h e  f reeway 

when b a d l y  congested. T h e i r  s t u d y  demonstrated t h e  a b i l i t y  o f  c i t y  s t r e e t s  

t o  handle  some d i v e r t e d  t r a f f i c ,  t h e  l i m i t  b e i n g  perhaps when t h e  s e r v i c e  

i n d i c e s  become equal  f o r  b o t h  t h e  freeway and t h e  a l t e r n a t e  r o u t e s .  

COMPUTER-SUPERVISED INCIDENT DETECTION 

The Lodge Freeway s u r v e i l l a n c e  and c o n t r o l  system was about  10 m inu tes  



l a t e  i n  impos ing minimum m e t e r i n g  

S ince  t h e  f o r t e  of c a u p u t e r  s u r v e i  

r a t e s  upst ream of  the  

l l a n c e  and c o n t r o l  i s  

i n c i d e n t  o f  Tab le  I .  

i t s  a d a p t i l i t y  t o  

r a p i d l y  changing t r a f f i c  conditions, a need i s  thus i n d i c a t e d  f o r  an i n c i d e n t  

d e t e c t i o n  l o g i c ,  as i n d f c a t e d  i n  F i g u r e  1, which c o u l d  o v e r r f d e  s u r v e i l l a n c e  

c o n t r o l  parameters t o  respond more e f f e c t i v e l y  t o  I n c i d e n t  s i t u a t i o n s .  

A t y p i c a l  l a n e  b lockage i n c i d e n t  has a d u r a t i o n  o f  5 t o  25 m inu tes  and 

i s  n o t  de tec ted  u n t i l  5 t o  TO minutes have e lapsed.  9 * 1 P  l n c i d e n t s  a r e  

de tec ted  by po, t<ce p a t r o l s  on most freeways and some c f t i e s ,  n o t a b l y  Chicago, 

Washington, and Los Angeles, have i n s t a l l e d  emergency r o a d s i d e  te lephones 

f o r  use by s t r a n d e d  r u o t o r i s t s .  The comb ina t ion  o f  te lephones and p o l i c e  

p a t r o l s  was found by K ~ T l e r  l 3  t o  be the most c o s t - e f f e c t i v e  d e t e c t f o n  

network f rom the  p o i n t - o f - v i e w  o f  m o t o r i s t  s e r v i c e ,  but n o t  f r o m  t h e  p o i n t -  

o f - v i e w  o f  freeway o p e r a t i o n s  e rg ineers .  Computer i n c i d e n t  d e t e c t i o n  would 

p r o v i d e  a n u ~ w r i c a l  s c a l i n g  o f  the m g n i t u d e  o f  t h e  c a p a c i t y  r e d u c t i o n ,  

i n f o r m a t i o n  t h a t  c o u l d  o n l y  be guessed a t  by a human observer .  F u r t h e m r e ,  

c o n t r o l  measures c o u l d  be undertaken i m d i a t e l y  w i t h o u t  t h e  i n e v i t a b l e  

t i m e  l a g  where human i n t e r p r e t a t i o n  i s  i n v o l v e d .  A d e t e c t i o n  l o g i c  h o u l d  

a l s o  serve as a  dec is ion-maker  by  d e t e c t i n g  and respond ing  o n l y  t o  those 

i n c i d e n t s  t h a t  s i g n i f i c a n t l y  a f f e c t  t r a f f i c  o p e r a t i o n s .  

The a u t h o r  has i n v e s t i g a t e d  a number o f  d e t e c t i o n  a l g o r i  t h ~ w  and found  

t h e  most e f f e c t i v e  one t o  be t h e  f o r e c a s t f n g  t e c h n i q u e  o f  e x p o n e n t i a l  

s~uooth<ng, u s i n g  a b a s i c  t r a f f i c  v a r i a b l e  such as v o l u w  ( v e h i c l e s  p e r  m inu te )  

o r  occupancy (a surrogate f o r  t r a f f  f c  d e n s i t y ) .  14,15 I n c i d e n t s  a re  

d e t e c t e d  by t h e  shock waves o f  conges t ion  they generate  i n  t h e  t r a f f i c  s t ream 

when t h e  t r a f f i c  v a r l  a b l e  i n  q u e s t i o n  d e v i a t e s  s i g n i f i c a n t l y  f rom t h e  f o r e c a s t .  

The a l g o r i t h m  d e t e c t e d  46 o f  50 t y p i c a l  l a n e  b lockage i n c i d e n t s  w i t h i n  two 

ni lnutes o f  t h e  onse t  o f  conges t ion  a t  t h e  d e t e c t o r  s t a t i o n .  T h i s  i s  a  b e t t e r  

d e t e c t l o n  performance than by c c n v e n t i o n a l  methods and i s  even b e t t e r  than  



t e l e v i s i o n  s u r v e i l l a n c e .  Exper ience w i t h  t e l e v i s i o n  s u r v e i l l a n c e  on 

t h e  Lodge Freeway has shown t h a t  even t h e  b e s t  o f  observe rs  w i l l  d e t e c t  

o n l y  787; o f  t h e  i n c i d e n t s  v i s i b l e  on t e l e v i s i o n  because o f  e r r o r  o r  

f a t i g u e .  l6 Another  s t u d y  has shown a  d e t e c t i o n  r a t e  o f  75% f o r  i n d i v i d u a l s  

wa tch ing  t r a f f i c  on c l o s e d  c i r c u i t  t e l e v i s i o n  a t  d i s t a n c e s  o f  up t o  1500 f t .  

17 

D e t e c t i o n  a l g o r i t m s  may t h u s  be u s e f u l  i n  supp lement inq a  t e l e v i s i o n  

system b y  d i r e c t i n g  t h e  a t t e n t i o n  o f  observe rs  t o  i n c i d e n t  s i t u a t i o n s .  By 

f r e e i n g  observe rs  o f  t h e  n e c e s s i t y  t o  c o n t i n u o u s l y  m o n i t o r  f reeway o p e r a t i o n s .  

t h e  range o f  t e l e v i s o n  s u r v e i l l a n c e  c o u l d  be expanded w i t h  l i t t l e  o r  no 

i n c r e a s e  i n  manpower and t h e  l e s s  i n t e n s i v e  system c o u l d  se rve  as a  means 

f o r  c o n f i r m i n g  t h e  v a l i d i t y  o f  d e t e c t i o n  s i g n a l s  b e f o r e  c o s t l y  a i d  r e s o u r c e s  

a r e  d ispatched.  

D e t e c t i o n  a l g o r i t h m s  remain i n  t h e  developmental  s tage  because t h e y  

generate  many f a l s e  a larms and t h i s  would be a  severe o p e r a t i o n a l  prob lem 

i f  t h e  p o l i c e  were d i s p a t c h e d  e v e r y  t ime.  The U.S. Federa l  Highway 

A d m i n i s t r a t i o n  i s  sponsor ing  r e s e a r c h  on t h e  r e f i n e m e n t  o f  these a l g o r i t h m s  

t o  reduce the f a l s e  ? l a m  prob lem w i t h  a goa l  o f  h a v i n g  o p e r a t i o n a l  

a l g o r i t h m s  by  1975 o r  1976. They a l s o  a r e  i n v e s t i g a t i n g  t h e  p o t e n t i a l  

f o r  u s i n g  t h e s e  a l g o r i t h m s  t o  determine t h e  t y p e  o f  i n c i d e n t  t h a t  has t a k e n  

p l a c e ,  so t h a t  t h e  p r o p e r  a i d  can p r o m p t l y  be d i spa tched .  

POTENTIAL ADVANCES I N  DETECTION TECHNOLOGY 

Rece iv ing  a  d e t e c t i o n  s i g n a l  would  be s t r a i g h t - f o r w a r d  i f  i t  were 

p o s s i b l e  t o  t r a c k  each v e h i c l e  on t h e  f reeway c o n t i n u o u s l y  i n  t i m e  and 

space. Weinberg e x p l o r e d  t h e  p r e s e n t  f e a s i b i l i t y  o f  con t inuous  t r a c k i n g  

and c o n c l u d e d t h a t h a r d w a r e  l i m i t a t i o n s  and p r o h i b i t i v e  c o s t s  e l i m i n a t e  t h i s  
18 

approach . For  example, he f e l t  t h a t  t h e  e x t e r n a l  t r a c k i n o  o f  a  v e h i c l e ' s  

c h a r a c t e r i s t i c  " s i g n a t u r e "  (such as v o l t a g e  v a r i a t i o n  o r  phase s h i f t )  wou ld  



be t o o  c o s t l y  f o r  o p e r a t i o n a l  use and t h a t  t h e  i n s t a l l a t i o n  o f  i n d i v i d u a l  

v e h i c l e  t r a n s m i t t e r s  was i m p r a c t i c a l  f o r  t h e  near  f u t u r e .  Furthermore,  t h e  

i n d i v i d u a l  r e c o r d i n g  and i n t e r p r e t a t i o n  o f  a l l  t h e  v e h i c l e s  on a  f reeway 

would  be " f a b u l o u s l y  expens ive " .  Moskowitz concur red  w i t h  t h e  above i n  1970 

when he w r o t e  t h a t  "any au tomat i c  method o f  d e t e c t i n g  d i s a b l e d  pa rked  c a r s  

and o f  d o i n g  a n y t h i n g  about  them i s  expens ive and t h e r e f o r e  h i g h l y  u n l i k e l y  

t o  be implemented on a  l a r g e  s c a l e  i n  t h e  f o r s e e a b l e  f u t u r e " .  3 

Hence, t h e  m a j o r  computer -superv ised f reeway s u r v e i l l a n c e  and c o n t r o l  

systems now i n  e x i s t e n c e  o r  i n  t h e  p l a n n i n g  s tage,  n o t a b l y  t h o s e  i n  Chicago, 

D e t r o i t ,  Houston, and Los Angeles,  use p o i n t  d e t e c t o r s  l o c a t e d  a t  key 

p o s i t i o n s  t o  sample t r a f f i c  o p e r a t i o n s  d i s c r e t e l y  i n  space and a lmos t  

c o n t i n u o u s l y  i n  t ime.  N e i t h e r  Moskowitz n o r  Weinberg f o r e s e e  t h e  development 

o f  t r u l y  l ow-cos t  b u t  a c c u r a t e  presence d e t e c t o r s  which c o u l d  be so c l o s e l y  

spaced as t o  approx imate a rea  d e t e c t i o n  i n  t h e  n e a r  f u t u r e .  F o r t u n a t e l y ,  

t h e  d e t e c t i o n  a l g o r i t h m s  i n v e s t i g a t e d  by t h e  a u t h o r  remain  e f f e c t i v e  a t  

d e t e c t o r  s t a t i o n s  up t o  a  m i l e  d i s t a n t  f r o m  a  lane-b lockage  i n c i d e n t .  

SOME NEW SURVEILLANCE AND CONTROL SYSTEMS 

A number o f  demons t ra t i on  s u r v e i l l a n c e  and c o n t r o l  p r o j e c t s  have been 

e s t a b l i s h e d  i n  t h e  pas t  15 y e a r s  i n  t h e  U n i t e d  S ta tes .  The growth o f  

au tomob i le  t r a f f i c  o u t s i d e  o f  N o r t h  America has prompted c o n s i d e r a b l e  r e s e a r c h  

i n t e r e s t  i n  France,  West Germany, Grea t  B r i t a i n ,  I t a l y ,  and Japan. l9 some 

i n d i c a t i o n  o f  t h e  p r e s e n t  s t a t e  o f  t h e  a r t  may be ga ined  by  c o n s i d e r a t i o n  

o f  t h r e e  o p e r a t i o n a l  systems soon t o  be o r  now under  development i n  t h e  U n i t e d  

S t a t e s .  

Los Angeles: I n  t h e  Los Angeles n ~ e t r o p o l i t a n  area about  2.5 m i l l i o n  

m o t o r i s t s  use t h e  urban f reeway system e v e r y  day, and i t  i s  e s t i m a t e d  t h a t  

t h e  c o s t  o f  f reeway d e l a y  because o f  c o n g e s t i o n  and a c c i d e n t s  o r  o t h e r  



i n c i d e n t s  i s  about  565 m i l l i o n  a year .  In an a t t e m p t  t o  e l i m i n a t e  much 

o f  t h i s  d e l a y  t h e  C a l i f o r n i a  D i v i s i o n  o f  Highways w l l l  spend 9115 m i l l i o n  

d u r i n g  t h e  1 9 7 0 ' s  t o  deve lop an e l e c t r o n i c  f reeway s u r v e < l l a n c e  and 

c o n t r o l  system f o r  600 m i l e s  o f  area freeways. 
20 

I n  1971 t h e  f i r s t  s tage  o f  the  p r o j e c t  w a s  completed,  the  "Los 

Angeles Area Freeway S u r v e i l  l a n c e  and C o n t r o l  P r o j e c t "  c o v e r i n a  42 m i l e s  

o f  t h e  Santa Monica, San Diego, and Harbor  Freeways i n  c e n t r a l  Los Angeles.  

The p r o j e c t  has c e n t r a l  computer c o n t r o l ,  ramp m e t e r i n g  a t  56 i n t e r c h a n q e s ,  

and more than  700 t r a f f i c  d e t e c t o r s  l o c a t e d  a t  h a l f  m i l e  i n t e r v a l s  a l o n g  

t h e  freeway. D e t e c t i o n  o f  an a c c i d e n t  by  t h e  computer w i l l  be s i g n a l e d  t o  

c o n t r o l  c e n t e r  personnel  who can o r d e r  a he1 i c o p t e r  equ ipped  w i t h  a TV camera 

t o  the  scene t o  r e l a y  p i c t u r e s  back t o  t h e  c e n t e r .  I n  t h i s  manner t h e  

r e q u i r e d  t ype  o f  a i d  can be d ispdtched.  O t h e r  freeway m o t o r i s t s  may be 

a l e r t e d  by r a d i o  b roadcas ts  and v a r i a b l e  message s lgns .  

Mtnneapol is :  The a b i l i t y  o f  f reeway s u r v e i l l a n c e  and c o n t r o l  t o  

manage t r a f f i c  l s  b e i n g  used <n Mlnneapol i s  t o  encourage express bus s e r v i c e  

pat ronage i n  t h e  1-351 f reeway c o r r i d o r  e x t e n d i n g  16.5  m i l e s  sou th  uf t h e  

M inneapo l i s  c e n t r a l  bus iness d i s t r i c t .  21 Automobi le  access t o  t h e  f reeway 

w i l l  b e  c o n t r o l l e d  by  e n t r a n c e  ramp m e t e r i n g  and buses w i l l  get p r e f e r e n t i a l  

a c c e s s .  S u r v e i l l a n c e  and c o n t r o l  w i l l  ensure a s a t i s f a c t o r y  l e v e l  o f  s e r v i c e  

on the  freeway so t h a t  buses w i l l  a v o i d  f reeway c o n g e s t l o n  and e n j o y  r e l i a b l e  

t r a v e l  t imes,  a v i t a l  f a c t o r  i n  a t t r a c t i n g  c o m u t e r s .  

The p r o j e c t  g o a l  i s  t o  a t t r a c t  15:' o f  t h e  freeway u s e r s  t o  bus t r a n s i t  

The completed system l s  expected t o  c o s t  $9.4 m i l l i o n  and be completed i n  

1973. To compare cap4 t a l  costs, t h e  74.5-mi le  L indenwold  r a p i d  t r a n s i t  1 i n e  

i n  t h e  P h i l a d e l p h i a  area c o s t  $94 m i l l j o n  and t h e  11 m i l e s  o f  e x c l u s i v e  bus 

l anes  on the S h i r l e y  Highway near  Hash ington c o s t  perhaps $15 t o  520 m i l l i o n .  

2 2 . ~ 1  1  t h r e e  systems have a  s i r i l a r  g o a l  o f  p r o v i d i n g  pub1 i c  t r a n s p o r t a t i o n  



between low p o p u l a t i o n  d e n s i t y  suburbs and t h e  c e n t r a l  bus iness  d i s t r i c t .  

Long I s l a n d :  I n  J u l y  1973, t h e  New York S t a t e  Department o f  T ranspor -  

t a t i o n  announced p l a n s  t o  e s t a b l i s h  a  s u r v e i l l a n c e  and c o n t r o l  system on 

30 m i l e s  o f  t h e  Long I s l a n d  Expressway. 23 T r a f f i c  w i l l  be m o n i t o r e d  by  

a  c e n t r a l  computer by  means o f  d e t e c t o r s  imbedded i n  t h e  pavement a t  h a l f -  

m i l e  i n t e r v a l s .  V a r i a b l e  message s i g n s  w i l l  be used t o  a d v i s e  d r i v e r s  i n  

advance t o  l e a v e  t h e  expressway and use an a l t e r n a t e  r o u t e  i n  t h e  even t  o f  

severe conges t ion .  The system i s  expected t o  save $4 m i l l i o n  a  y e a r  i n  

t r a v e l  t i m e  saved and a c c i d e n t s  p reven ted  because o f  more o r d e r l y  t r a f f i c  

o p e r a t i o n s .  

SUMMARY AND CONCLUSIONS 

Compute r -con t ro l l ed  e l e c t r o n i c  f reeway s u r v e i l l a n c e  and c o n t r o l  

systems i n  t h e  1970 's  have become a  s i g n i f i c a n t  new o p e r a t i o n a l  t o o l  f o r  

t r a f f i c  o p e r a t i o n s  eng ineers .  They have p roven  u s e f u l  i n  m a i n t a i n i n g  an 

accep tab le  l e v e l  o f  s e r v i c e  f o r  f reeway o p e r a t i o n s ,  r e d u c i n g  t h e  e x t e n t  

and d u r a t i o n  o f  t r a f f i c  conges t ion ,  m i n i m i z i n g  t h e  adverse e f f e c t s  o f  

a c c i d e n t s  and o t h e r  i n c i d e n t s  on t r a f f i c  o p e r a t i o n s ,  and r e d u c i n g  a c c i d e n t  

exper ience.  Among t h e  more i m p o r t a n t  r e s e a r c h  needs now a r e  i n v e s t i g a t i o n s  

o f  d r i v e r  w i l l i n g n e s s  t o  t r a v e l  a t  l e s s  congested p e r i o d s  o r  t a k e  a l t e r n a t e  

r o u t e s  i n s t e a d  o f  t h e  f reeway, and improved methods f o r  d e t e c t i n g  and managing 

i n c i d e n t  s i t u a t i o n s .  Computer i n c i d e n t  d e t e c t i o n  a l q o r i  thms w i l l  p r o b a b l y  

become o p e r a t i o n a l  w i t h i n  a  few y e a r s  and i n c r e a s e  t h e  r e l i a b i l i t y  and speed 

o f  d e t e c t i o n .  
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TABLE I 
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4,  1969) 
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