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" -_ - 
ABSTRACT . 

This r e p o r t  examines f i v e  separa te  techniques which might l ead  , 
t o  an improvement i n  t h e  l e v e l  of s e r v i c e  i n  a  freeway c o r r i d o r .  
The techniques were a l l  a s soc ia ted  wi th  a dynamic information and 
c o n t r o l  system on t h e  John C, Lodge Freeway i n  D e t r o i t .  The north-  
bound Freeway had a s e t  of metered ramps and information s i g n s  used 
i n  t h e  af ternoon peak per iod .  

The f i v e  techniques inves t iga ted  and t h e  f i n d i n g s  a r e  a s  
fol lows : 

1. Reduction of  s u r f a c e  s t r e e t  t r a v e l  times by means of r e a l -  
t ime t r a f f i c  s i g n a l  c o n t r o l .  An at tempt was made t o  reduce 
t r a v e l  times on s t r e e t s  i n d i c a t e d  as  a l t e r n a t e  rou tes  by t h e  
information signs. The s i g n a l  t iming plans were based on h i s -  
t o r i c a l  volur~c  counts ,  expected t r a v e l  t imes and c u r r e n t  s ign  
s t a t e s .  A reduct ion  i n  o v e r a l l  t r a v e l  time was obta ined only 
f o r  t h e  second hour i n  t h e  Sour-hour peak per iod .  The inc reases  
were probably due t o  equipment malfunction and a pauci ty  of 
d a t a .  

2 .  Revision of ramp metering ~ a l c u l a t ~ o n s .  The calcuKations 
were based on veh icu la r  s t o r a g e  obta ined from measured volume 
and occupancy a t  t ie tqc tar  s t a t i o n s .  It was found t h a t  v e h i c l e s  
slow down i n  pass ing merging a r e a s  between t h e  s t a t i o n s .  Hence 
new formulae t o  c a l c u l a t e  s t o r a g e  were der ived.  I t  was a l s o  - found t h a t  i n  t h e  absence of information s i g n s ,  Freeway t r a v e l  
t imes d i d  not  inc rease .  

3 .  Ramp metering hardware changes t o  inc rease  obedience. The 
ramp s i g n a l s  were reduced t o  two aspects  wi th  loop d e t e c t o r s  
j u s t  upstream and downstream t o  d e t e c t  t h e  passage of a  v e h i c l e .  
I t  was found t h a t  obedience was g r e a t e s t  with an increased 
l eng th  of upstream loop d e t e c t o r  and when information from an 
upstream queue d e t e c t o r  was taken i n t o  account.  

4 .  ~ e v i s i o n  of metering s t r a t e g y  t o  t r y  t o  prevent  t h e  build-up 
of congest ion a t  bo t t l enecks .  I t  was found t h a t  t h e  downstream 
Freeway d e t e c t o r  s t a t i o n  used i n  determining metering r a t e s  
should allow f o r  only through t r a f f i c  when a l a n e  reduct ion  
occurs .  

5. Diversion oE T r a f f i c  from I n t e r s e c t i o n s  which may be blocked 
by ramp queues. Two ramp queues were s tud ied  and it was found 
t h a t  variable-message s i g n s  may be a b l e  t o  achieve some d ive r -  
s i o n  only i f  a  l a r g e  major i ty  of motor i s t s  passed such a s ign  
and i f  most of the  motor i s t s  were w i l l i n g  t o  t a k e  an a l t e r n a t e  
rou te .  
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SUMMARY OF FIND1,NGS 

Th i s  r e p o r t  examines f i v e *  s e p a r a t e  t echn iques  which might l e a d  
to a n  improvement i n  t h e  l e v e l  of s e r v i c e  i n  a freeway cor r id .or .  The 
t echn iques  a r e  a l l  a s s o c i a t e d  w i t h  a dynamic i n fo rma t ion  and c o n t r o l  
systenl on t h e  John C .  Lodyc Freeway C o r r i d o r  i n  D e t r o i t .  

A 6 .1  m i l e  s e c t i o n  of  t h e  northbound Lodge Freeway had e i g h t  
a ramps which were metered du r ing  t h e  four-hour  a f t e r n o o n  peak- p e r i o d .  

Meter ing r a k e s  wcre dotcrmined on t h e  b a s i s  of  an assumed a l l owab le  
v e h i c l e  s t o r a g e  between d e t e c t o r  s t a t i o n s ;  t h e s e  were approximately 
midway between ramps. S i n c e  queues could  b u i 1 d . u ~  on t h e  ramps 
a s s o c i a t e d  w i t h  ramp meter ing  t h e r e  was a s e t  of  27 v a r i a b l e  message 
s i g n s .  These i n d i c a t e d  t o  proceed t o  t h e  n e a r e s t  ramp when t h e  
queue l e n g t h  was l e s s  than  a c r i t i c a l  va lue .  Otherwise ,  t hey  i n d i -  
c a t e d  t o  c o n t i n u e  on t h e  network of  a l t e r n a t e  r o u t e s  t o  t h e  n e x t  
downstream ramp. On r a r e  o c c a s i o n s ,  d i v e r s i o n  (by means of  t h e  - 
s i g n s )  may have been sugges ted  p a s t  a l l  metered ramps t o  a n i n t h  
ramp where normally Freeway demand d i d  n o t  exceed c a p a c i t y .  

THE FIVE TECIINZQUCS INVESTIGATED AND THE FIIJDINGS 

1. Reduct ion of  Su r f ace  S t r e e t  T rave l  Times by fleans o f  Real-Time 
T r a f f i c  S i y n a l  Control. - -" 

A s  mentioned, d i v e r s i o n  on s u r f a c e  streets i s  sugges ted  when- 
e v e r  t h e  ramp queue l e n g t h  exceeds a c r i t i c a l  va lue .  Th i s  i s  equi -  
v a l e n t  t o  a comparison between t o t a l  t r a v e l  times on t h e  fre~eway and 
ramp and t r a v e l  t ime  on t h e  s u r f a c e  s t reet ;  a v i a b l e  a l t e r n a t i v e .  
The aim of t h i s  technique was t o  reduce s u r f a c e  s t r e e t  t r a v e l  time 
s o  t h a t  ramp queues would be  reduced and o v e r a l l  t r a v e l  t ime a l s o  
reduced .  

Twenty-seven i n t e r s e c t i o n s  were s e l e c t e d  f o r  r e a l - t i m e  com- 
p u t e r  c o n t r o l .  Relay equipment and l e a s e d  communication l i n e s  
e f f e c t i v e l y  connected t h e  i n t e r s e c t i o n  s i g n a l  c o n t r o l l e r s  t o  t h e  
C o n t r o l  Center  where they were t i e d  i n t o  t h e  computer. S i g n a l  
t i m i n g  p l a n s  were prepared  based on h i s t o r i c a l  volume coun t s  and 
t r a v e l  time runs .  P r o v i s i o n  was made t o  a d j u s t  t h e  s p l i t  of  g r een  
t ime every  1 5  minutes  and t h e  o f f s e t  every  f i v e  minutes .  

The e f f e c t i v e n e s s  of computer c o n t r o l  was based on a cornbina- 
t i o n  of a e r i a l  photography,  ground coun t s ,  and moving v e h i c l e  t r a v e l  
time s t u d i e s  b e f o r e  and a f t e r  t h e  o p e r a t i o n .  I n  t h e  f i r s t  hour of 
a four -hour  peak p e r i o d ,  t h e r e  was an  o v e r a l l  i n c r e a s e  o f  15% i n  
- t o t a l  t r a v e l  t ime  on t h e  s u r f a c e  s t r e e t  network f o r  a f i x e d  amount 
of  t r a v e l .  I n  t h e  t h i r d  hour  t h e r e  was a l s o  an i n c r e a s e ,  one per -  
c e n t ,  and o n l y  i n  t h e  second hour  was t h e r e  a d e c r e a s e ,  s i x  per -  
c e n t ,  No r e s u l t  was ob t a ined  f o r  t h e  f o u r t h  hour because t h e  o n s e t  
of  da rknes s  te rn i ina ted  a e r i a l  d a t a  c o l l e c t i o n .  A p a u c i t y  of d a t a  
and equipment ma l func t ions  probably  caused t h e  two i n c r e a s e s .  

Cons ider ing  only  t h e  l i n k s  on t h e  a l t e r n a t e  r o u t e  network 
where p r o g r e s s i o n  was o b t a i n e d ,  a 33% i n c r e a s e  i n  average  speed was 
o b t a i n e d  du r ing  t h e  second hour  w i t h  a 1 4 %  i n c r e a s e  i n  t h e  t h i r d  
and b u s i e s t  hour  of t h e  peak p e r i o d .  A l so ,  t h e r e  was a s i g n i f i c a n t  
r e d u c t i o n  (from 52% t o  4 0 % )  i n  t h e  probability of  having  t o  s t o p  a t  
a c o n t r o l l e d  i n t e r s e c t i o n  and t h e  ave rage  s topped  t ime was reduced 
by 4 8 % .  



No e s t i m a t e  has been der ived of t h e  l i k e l y  r educ t ion  i n  over- 
a l l  t o t a l  t r a v e l  time due t o  any d i v e r s i o n  from t h e  ramp queues.  I t  
i s  considered  t h i s  should be dol:e onJy a f t e r  a  f u t u r e  p r o j e c t  invo l -  
v i n g  only one a l t e r n a t e  r o u t e  and where l i k e l i h o o d  of equipment mal- 
func t ion ing  has been minimi zed .  

2. Revision of Ramp I1eteri.ng Ca lcu la t ions  - . 

The method of metering involved 'allowing onto  t h e  Freeway a t  
each ramp c;r;ly s o  r;:r!ny vuki.cl.es each, minute t h a t  an assumed c r i t i c a l  
Freeway s t o r a g e  of vehic les  would no t  be exceeded. This  meant t h a t  
t h e  c u r r e n t  s t o r a g e  ha.d t o  be measured a c c u r a t e l y .  .To determine ,  
s t o r a g e ,  volume and occupancy were each measured a t  t h e  d e t e c t o r  
s t a t i o n s  ups treal-rl and down:; tream froril an e n t r y  ramp. These valuers 
l e d  t.o an  e s t i m a t e  of a  va lue  of t o t a l  t r a v e l  i n  t h e  previous minute 
and a  va lue  of average speed between s t a t i o n s .  The q u o t i e n t  was t h e  - . 

s t o r a g e  i n  t h e  previous  minute. The c a l c u l a t i o n  was dependent on t h e  
average d e t e c t e d  l eng th  of v e h i c l e s  and on t h e  assumption t h a t  ve:hicles 
d i d  no t  slow down between s t a t i o n s .  

A combiliation of ae r i a l .  photography and a  moving v e h i c l e  t r (ave1 
time s tudy ,  t o g e t h e r  wi th  t h e  computer 's r ecords  from d e t e c t o r s ,  
were a l s o  used i n  t h i s  s tudv.  I t  was found t h a t  t h e  ave rase  vehimcle 
l eng th  requ i red  r e c a l i b r a t l b n  and t h a t  t h e  p ropor t ion  of t;ucks 
a f f e c t e d  the '  average v e l ~ i c l e  l eng th .  I t  was a l s o  found t h a t  v e h i c l e s  
d i d  slow down between d e t e c t o r  s t a t i o n s .  Therefore ,  a  new formula 
t o  c a l c u l a t e  s t o r a g e  was der ived and t h i s  t a k e s  i n t o  account t h e  
slowing down tendency. 

A s  a  f u r t h e r  s e c t i o n  t o  t h i s  s tudy ,  t h e  moving v e h i c l e  runs 
were continued a f t e r  t h e  c e s s a t i o n  of o p e r a t i o n  of t h e  c o n t r o l  and 
informat ion  system. I t  was found t h a t  t h e r e  were no s i g n i f i c a n t  
d i f f e r e n c e s  i n  Freeway t r a v e l  t imes wi th  and wi thout  t h e  opera t ion  
of  the  system. The sugges t ion  is  t h e r e f o r e  made t h a t  m o t o r i s t s  can 
f i n d  normal f a s t e r  r o u t e s  wi thout  informat ion  s i g n s  which a r e  more 
va luab le  when t h e r e  i s  unusual conges t ion .  

3 .  Rarnp Metering Hardware Changes. t o  I n c r e a s e  Obedience 

A t  t h e  beginning of t h i s  p r o j e c t  i n  1969, th ree -aspec t  signa1.s 
were used t o g e t h e r  with a  p a i r  of loop d e t e c t o r s  upstream from t h e  
s i g n a l  t o  g i v e  a  d e t e c t e d  length  of 30 f e e t  behind the  s i g n a l .  How- 
ever ,  t h e  amber per iod  was s u f f i c i e n t  t o  a l low two o r  more v e h i c l e s  
t o  e n t e r  when t h e  system opera t ion  d e s i r e d  only one. 

The f i r s t  change was t o  remove t h e  amber a spec t  and p l a c e  t h e  
s i g n a l s  between t h e  loops .  Detec t ion  a t  t h e  downstream loop was 
used t o  r e t u r n  t h e  s i g n a l  to r ed  t o  prevent  t h e  passage of more 
than one v e h i c l e .  However, the  upstream d e t e c t e d  l eng th  was reduced 
t o  only e i g h t  f e e t .  Therefore,  many v e h i c l e s  were no t  d e t e c t e d  a t  
t h e  presence  loop.  f n  t u r n ,  t h i s  caused t h e  s i g n a l  t o  remain red 
u n t i l  t h e  f i r s t  wa i t ing  v e i i c l e  thought  t h e  s i g n a l s  had f a i l e d .  A s  
a  r e s u l t ,  v i o l a t i o n s  a t  one t e s t  ramp a c t u a l l y  inc reased  by an , 

average 115 per  day t o  1 4 2  per  day because groups of v e h i c l e s  passed 
t h e  s i g n a l s  on a  very s h o r t  green pe r iod .  

The next  change inc reased  t h e  d e t e c t e d  l eng th  t o  1 4  f e e t .  
V i o l a t i o n s  a t  t h e  test  ramp were reduced t o  an average of  110 per  
day.  

I t  was cons idered  t h a t  a  f u r t h e r  improvement could be made i f  
informat ion  from t h e  upstream queue d e t e c t o r  were u t i l i z e d ,  An ' 

a lgor i thm t o  do t h i s  was devised and t h e  v i o l a t i o n s  were reduced t o  
an average of 94  per  day.  This f i n a l  hardware c o n f i g u r a t i o n  was 



considered  s a t i s f a c t o r y ,  al though a  new des ign  probably should have 
a s t i l l  longer  upstream d e t e c t e d  l e n g t h  of about  20 f e e t  f o r  optimum 
performance. 

4 .  Revision of meter in^ S t r a t e g y  t o  Try t o  Prevent  t h e  Build-up of --- 
Congestion a t  Bo ttl .enx:ks -.---- 

A good example of a  p o t e n t i a l  b o t t l e n e c k  was a v a i l a b l e - o n  t h e  
Lodge Freeway wi th  an a d d i t i o n a l  l a n e  between t h e  Davison e n t r y  
ramp and tlze L~nwood ex] t ramp, The metering c a l c u l a t i o n s  f o r  
Davison were based on t h e  usua l  measurements a t  t h e  downstream s t a -  
t i o n ,  Oakman, wi th  t h e  e x t r a  l a n e .  I t  was found by a l i c e n s e  p l a t e  
s tudy t h a t  4 0 %  of t h e  t r a f f i c  i n  t h e  e x t r a  l a n e  was proceeding on 
t h e  Freeway beyond t h e  next  e x i t  ramp. The l i k e l i h o o d  of Freeway 
conges t ion  would there:fore be reduced i f  t h e  s t o r a g e  c a l c u l a t i o n s  
inc luded only 40" to f  t h e  t r a f f i c  i n  t h e  e x t r a  l a n e  a t  Oakman b u t  - 
considered  t h a t  t h e r e  were only t h r e e  downstream l a n e s .  

5 .  Divers ion  of T r a f f i c  from I n t e r s e c t i o n s  Which May be  Blocked -- 
by Ramp Queues ---- 

Two ramp queues which have a tendency t o  block i n t e r s e c t i o n s  
because of high demand a r e  a t  t h e  Davison Expressway a n d , a t  West 
Grand Boulevard. This s tudy measured t h e  p o t e n t i a l  of s i g n s  t o  d i -  
v e r t  t r a f f i c  t o  bypass blocked i n t e r s e c t i o n s .  

Visual  r o u t i n g  observat ion  was used f o r  t r a f f i c  proceeding 
from t h e  t h r e e  Davison s i g n s  t o  t h e  Lodge Freeway en t rance .  A 
l i c e n s e  p l a t e  was recorded t o  e s t a b l i s h  t h e  e x t e n t  of d r i v e r  obedi- 
ence t o  t h e  variable-message s i g n  on West Grand Boulevard. I t  was 
found t h a t  none of t h e  s i g n s  were e f f e c t i v e  i n  prevent ing  conges t ion  
a t  e i t h e r  ramp en t rance .  In  t h e  case  of t h e  West Grand Boulevard 
s i g n ,  only  2 1 %  of ramp u s e r s  were found t o  pass  it. Therefore,  t h e  
p o s s i b i l i t y  e x i s t s  t h a t  o t h e r  s i g n s  poss ib ly  near  o t h e r  primary 
t r a f f i c  genera to r s  could have achieved a  reasonable  amount of 
d i v e r s i o n .  For t h e  Davison s i g n s ,  e a r l i e r  r e p o r t s  have shown more 
obedience.  Hence, i f  t he  p a r t i c u l a r  s t r e e t s  t o  t a k e  t h e  d i v e r t e d  
t r a f f i c  had been more a t t r a c t i v e  t o  m o t o r i s t s ,  it i s  l i k e l y  t .hat 
cons ide rab le  d i v e r s i o n  would have occurred .  



CHAPTER 1 
INTRODUCTIOlJ 

The meter ing  of en t rance  ramps t o  freeways i s  now being used 
i n  many urban a r e a s  t o  r e s t r i c t  v e h i c u l a r  e n t r y  dur ing  rush  hours .  
The purpose of ramp metering i s  t o  mainta in  freeway o u t p u t  a t  t h e  
h i g h e s t  p o s s i b l e  l e v e l  ( c a p a c i t y )  by p reven t ing  o r  minimizing f r e e -  
way conges t ion  which may l e n d  t o  t h e  blockage of  freeway f low. With 
reasonable  s t o r a g e  room on t h e  e n t r y  ramps, t h e  average t r a v e l  time 
should be  reduced,  

The john C.  Lodge Freeway i n  D e t r o i t ,  Michigan has  been one of 
s e v e r a l  freeway c o r r i d o r s  where t h e  technique of ramp metering has 
been developed. Other inajor r e s e a r c h  p r o j e c t s  have been c a r r i e d  o u t  
i n  Chicago (1) * , Houston ( 2 )  , Los Angeles ( 3 )  and New York ( 4 )  . The 
Lodge Freeway p r o j e c t  a s  p a r t  of  t h e  Nat ional  Cooperat ive Highway 
Research Program has a l s o  r e s u l t e d  i n  a  number of  r e p o r t s ,  and i n  
p a r t i c u l a r  t h r e e  d e a l  wi th  ramp meter ing  t o  varying degrees  ( S ) ,  
(6) ;  ( 7 ) .  The r e s e a r c h  agencies  were t h e  Texas Transpor ta t ion  
I n s t i t u t e  ( T T I )  and t h e  Highway Safe ty  Research I n s t i t u t e  (HSR.1). 

I t  i s  p o s s i b l e  f o r  f u r t h e r  r educ t ions  i n  t r a v e l  time t o  occur 
i f  some d r i v e r s  a r r i v i n g . a t  a  congested,  metered ramp a r e  d i v e r t e d  
downstream. Although t h i s  may .happen spontaneously ,  i t  has been 
shown t h a t  b e t t e r  r e s u l t s  a r e  obta ined when variable-message i n f o r -  
mation s i g n s  i n d i c a t e  t o  m o t o r i s t s  t h e  a p p r o p r i a t e  pa ths  f o r  d i v e r -  
s i o n .  The development of v a r i a b l e  s i g n s  has been repor ted  on by 
r e s e a r c h e r s  working i n  Chicago ( 8 )  and a l s o  on t h e  Lodge Freeway 
Cor r idor  i n  D e t r o i t  ( 6 )  , (9), (10) . 

Even wi th  ramp meter ing  and informat ion  s i g n s  i n  o p e r a t i o n ,  
a d d i t i o n a l  improvements can be suggested t o  f u r t h e r  reduce c o r r i d o r  
t r a v e l  t imes .  This  r e p o r t  cons ide r s  t h e  fo l lowing types  of  
improvements: 

1. Reduction of s u r f a c e  s t r e e t  t r a v e l  t imes by means of  
r e a l - t i m e  t r a f f i c  s i g n a l  c o n t r o l .  

2. Revision of meter ing  c a l c u l a t i o n s  t o  improve accuracy.  
3 .  Reduction of metering dikobedience t o  improve s a f e t y  - 

and merging opera t ions  and mainta in  e f f e c t i v e  s u r -  
v e i l l a n c e  c o n t r o l .  

4 .  Revision of metering s t r a t e g y  t o  t r y  t o  p reven t  t h e  
build-up of conges t ion  a t  b o t t l e n e c k s .  

5. Divers ion  of  t r a f f i c  from i n t e r s e c t i o n s  which may be  
blocked by ramp queues. ' 

During 1970 a l l  of t h e s e  p o s s i b l e  improvements were s t u d i e d  on t h e  
John C. Lodge Freeway Corr idor  f o r  t h e  2:30 p.m. t o  6:30 p.m. a f t e r -  
noon peak pe r iod  (northbound d i r e c t i o n ) .  The s p e c i f i c  aims a r e  
d e t a i l e d  a f t e r  a d e s c r i p t i o n  of  t h e  Freeway Cor r idor  and t h e  meter- 
i n g  and informat ion  s i g n  o p e r a t i o n .  

THE LODGE FREEWAY CORRIDOR 
The Lodge Freeway Corr idor  s e c t i o n  i s  shown i n  Figure  1. This  

s e c t i o n  of  Freeway i t s e l f  i s  below ground l e v e l  and extends  f o r  a  
d i s t a n c e  of  6 . 1  mi les  from West Grand Boulevard t o  Meyers Road. 
There a r e  n i n e  northbound e n t r y  ramps, e i g h t  of them metered from 
2:30 p.m. t o  6:30 p.m. on weekdays. The l a s t  downstream ramp ( a t  
Wyoming Road) i s  no t  metered. 
*Numbers i n  pa ren theses  r e f e r  t o  r e f e r e n c e s  a t  t h e  end of P a r t  One 
of  t h i s  r e p o r t .  



FIGURE 1 
LODGE FREEWAY CORRIDOR 



There a r e  a l s o  t e n  off-ramps, a s  shown, wi th  t h e  Davison West ramp 
being t h e  only one wi th  t h e  l e f t  s i d e  e x i t ,  

The s tudy s e c t i o n  i s  a t y p i c a l  th ree - l ane  urban freeway except  
a t  two l o c a t i o n s  where it broadens i n t o  four  l a n e s  (between t h e  West 
Grand Boulevard e n t r y  .ramp and t h e  Hamilton-Chicago e x i t  ramp and 
between t.he Davison e n t r y  ramp and t h e  Lir~wood e x i t  ramp). Enter ing  
v e h i c l e s  t o  t h i s  f o u r t h  l a n e  t h e r e f o r e  do n o t  have t o  merge immedia- 
te1.y. Between 2::30 p.m. and 6:30 p.m. on weekdays, t h e r e  ar'e about 
100,000 vch ic la - r , ,~ ies  o!. triivill on t h e  Freeway s e c t i o n  wi th  a t o t a l  
t r a v e l  t ime of about  3,000 vehicle-hours.  

The pos ted  speed l i m i t  on t h e  Freeway i s  55 mi les  per  hour and 
t h e r e  i s  a  pos ted  minimum speed l i m i t  of 45 mi1.e~ per  hour. There 
a r e  no subs tandard  h o r i z o n t a l  curves nor a r e  t h e r e  any s t e e p  v e r t i c a l  
curves .  The only s i g n i f i c a n t  r i s e  i s  a s h o r t ,  t h r e e  pe rcen t  grade 
a t  t h e  Davison overpass .  

There a r e  n ine  Freeway d e t e c t o r  s t a t i o n s  l o c a t e d  s o  t h a t  t h e r e  
i s  a s t a t i o n  upstream and downstream of each e n t r y  ramp ( w i t h .  t h e  
except ion  being t h e r e  i s  no s t a t i o n  between t h e  two Livernois  e n t r y  
ramps).  The d e t e c t o r s  a r e  a l l  on overhead b r idges  and they a r e  a l l  
pos i t ioned  on t h e  downstream s i d e  of overpasses .  During 1 9 7 0 ,  t h e  
s t a t i o n  a t  Muirland was moved t o  Greenlawn, and t h e  one a t  T u l l e r  
was moved t o  Dexter ,  TKe only e f f e c t  of t h i s  was t o  s l i g h t l y  change 
t h e  l e n g t h s  of two subsec t ions .  Otherwise; t h e  d e t e c t o r  s ta t - ions  
a r e  unchanged a s  r epor ted  previous ly  ( 1 0 ) .  

Each d e t e c t o r  s t a t i o n  c o n s i s t s  of a  s o n i c  d e t e c t o r  mounted 
over  each l ane .  The d e t e c t o r  a m p l i f i e r s  a r e  connected by means of 
te lephone l i n e  t o  the  i n p u t  i n t e r f a c e  of t.he IBM 1800 computer a t  
t h e  Contro l  Center  a t  the  Herman Kiefer  Hosp i t a l .  F u l l  d e t a i l s  of 
t h e  i n s t a l l a t i o n  a r e  given i n  Appendix A. Loop d e t e c t o r s ,  allso 
connected t o  t h e  computer, a r e  i n s t a l l e d  on a l l  on- and off-ramps 
i n  t h e  s e c t i o n  of Freeway under s tudy.  The f u l l  s e t  of  d e t e c t o r s  
makes a complete cordon around t h e  3.2 mi le  s tudy a r e a  al lowlng f o r  
i n p u t  and out.put ca lcu la t . ions .  

The main a l t e r n a t e  r o u t e  t o  t h e  Lodge Freeway ( a l s o  shown i n  
F igure  1) begins  on t h e  Eas t  s e r v i c e  Drive a t  West Grand Boulevard 
and con t inues  on Hamilton Avenue, Oakman Boulevard, Twelfth S t r e e t ,  
Fenke l l  Avenue, Wyoming Avenue and Couzens Drive. The use  of t h i s  
r o u t e  may he suggested t o  m o t o r i s t s  by s i g n s  placed a t  d e c i s i o n  
p o i n t s  when corresponding ramps a r e  congested.  There a r e  a l s o  
secondary a l t e r n a t e  r o u t e s  (Figure  1) which a r e  suggested by s i g n s  
when d i v e r s i o n  t o  t h e s e  would save t r a v e l  time o r  when it i s  known 
. t h a t  t h e  main a1ternat .e  r o u t e  i t s e l f  i s  congested.  The secondary 
r o u t e s  a r e  given below. 

1. Second Avenue between West Grand Boulevard and 
Webb Avenue wi th  connections t o  t h e  main a l t e r n a t e  
rouke O r  t h e  Freeway v i a  Seward Avenue, Chicago 
Boulevard and Webb Avenue. 

2 .  Woodrow Wilson Avenue, Davison Avenue and Twelfth 
S t r e e t  between Webb Avenue and Oakman Boulevard. 

3 .  Davison Expressway from t h e  Lodge Freeway North 
e n t r y  ramp t o  Woodrow Wilson Avenue. 

4 .  Oakman Boulevard from Twelfth S t r e e t  and Linwood 
Avenuc t o  Fcrlkell Avenue. 

5.  Hamilton Rvci~ue from Oakman Boulevard and P u r i t a n  
Avenue t o  Couzens Drive. 

6 .  Hamilton Averluc from P u r i t a n  Avenue and McNichols 
Road t o  Couzens Drive,  



A 1 1  of t h e  above s t r e e t s  a r e  reasonably  wide thoroughfares  
w i t h  a  g e n e r a l  speed limit of 30 mph. I'lost s t r e e t s  have parking 
r e s t r i c t i o n s  dur ing  peak h a ~ l r s  and none possess  a  r e s i d e n t i a l  
q u a l i t y  t o  r e q u i r e  a  l i m i t a t i o n  on t h e  amount of  d i v e r t e d  t r a f f i c , ,  

W I P  METERING METHOD 

Ramp meter ing  was in t roduced  on t h e  northbound Lodge Freeway 
i n  1967. The purpose was t o  p reven t  demand from exceeding c a p a c i t y ,  
p a r t i c u l a r l y  at: .two or  threc p o t e n t i a l  b o t t l e n e c k  p o s i t i o n s  nea r  t h e  
Chicago, Linwood and two L ive rno i s  on-ramps. The meter ing  method 
u t i l i z e d  was desc r ibed  i n  a  p rev ious  r e p o r t  on Lodge Freeway 
r e s e a r c h  (7). For convenience,  a  summary of t h e  method i s  p resen ted  
h e r e ,  

A t  each of t h e  e i g h t  metered ramps e n t r y  was c o n t r o l l e d  by a 
two- o r  t h r e e - a s p e c t  t r a f f i c  s i g n a l  p o s i t i o n e d  halfway down t h e  
ramp. A t  t h e  two ramps wi th  t h e  h i g h e s t  t r a f f i c  volume, West Grand 

- 

Boulevard and Dnvisan, m u l t i p l e  v e h i c l e s  were allowed t o  e n t e r  t h e  
Freeway (bulk  meter ing  s t r a t e g y )  d u r i n g  two equal  b u t  v a r i a b l e  green 
pe r iods  p e r  minute.  An amber a s p e c t  fol lowed t h e  green a s  w i t h  any 
o rd ina ry  t r a f f i c  s i g n a l .  Mu1ti.ple e n t r y  d i d  n o t  pose any s a f e t y  
problems because o f  t h e  e x t r a  Freeway l a n e  p r e s e n t  a t  both  l o c a t i o n s .  
This  meter ing  s t r a t e g y  resu lked  i n  meter ing  r a t e s  ranging from 
about  L O  t o  25 v e h i c l e s  pe r  minute a t  t h e s e  two bulk s e r v i c e  ramps. 

A t  t h e  o t h e r  s i x  ramps v e h i c l e s  were metered s o  t h a t  they 
e n t e r e d  one a t  a  t ime dur ing  each of  a  v a r i a b l e  number of  evenly-  
spaced green p e r i o d s  pe r  minute. The green pe r iod  was t e rmina ted  
by a v e h i c l e  d e p a r t i n g  from t h e  s i g n a l  s o  t h a t  an amber p e r i o d  was 
unnecessary.  The s i n g l e  e n t r y  made merging s a f e r  a s  an e n t e r i n g  
v e h i c l e  would on ly  r a r e l y  encounter  ano the r  v e h i c l e  w a i t i n g  a t  t h e  
bottom of t h e  ramp. The range of  meter ing  r a t e s  a v a i l a b l e  v a r i e d  
between t h r e e  and twelve v e h i c l e s  p e r  minute. 

The method of  de termining t h e  meter ing  r a t e s  was e s s e n t i a l l y  
t h e  same f o r  a l l  e i g h t  ramps. A freeway subsystem was d e f i n e d  a s  
t h e  s e c t i o n  of freeway from a  d e t e c t o r  s t a t i o n  upstream of a  ramp 
t o  t h e  f i r s t  s t a t i o n  downstream. I t  was determined t h a t  a  maximurn 
a v a i l a b l e  s t o r a g e ,  Sm, e x i s t s  f o r  kach subsystem. I f ,  o v e r  a  pe r iod  
of one niinute, t h e  a c t u a l  s t o r a g e ,  S i ,  i s  known, t h e n  t h e  a l lowab le  
metering r a t e  f o r  t h e  nex t  minute i s  computed a s  I = Sm - S i .  This  
r a t e  i s ,  of  course ,  s u b j e c t  t o  t h e  ranges  desc r ibed  above. 

S ince  i t  was found i m p r a c t i c a l  t o  compute t h e  a c t u a l  s t o r a g e  
a n  t h e  b a s i s  of  a  cont inuous  record  o f  i n p u t  and o u t p u t ,  t h e  s t o r a g e  
was c a l c u l a t e d  from t h e  d e t e c t e d  occupancy and volume a t  t h e  two 
d e t e c t o r  s t a t i o n s .  Refe r r ing  t o  F igure  2 ,  t o t a l  t r a v e l ,  TT, i n  t h e  
p rev ious  minute was c a l c u l a t e d  a s  

where ti a r e  t h e  r e s p e c t i v e  l e n g t h s  of  each p a r t  of t h e  subsystem 
and qj a r e  s igned  f lows,  p o s i t i v e  f o r  an i n p u t  and n e g a t i v e  f o r  an 
o u t p u t .  - 

Average speed,  u ,  i n  t h e  p rev ious  minute was d e f i n e d  a s  t h e  
average  of  t h e  speeds  computed a t  t h e  end p o i n t s  of  t h e  subsystem 
where 
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Here and entl a r e  t h e  occupancies  a t  each  d e t e c t o r  s t a t i o n ,  t h a t  
i s  t h e  E r a c t l o n  of ~ i m e  t h a t  a  v e h i c l e  i s  undernea th  one of  t h e  
d e t e c t o r s .  The q u o t i e n t  of occupancy t o  f low i s  t h e  ave rage  t r a v e l  
t ime  t o  t r a v e l  t h e  d e t e c t e d  f i e l d ,  which is  approximate ly  t h e  l e n g t h  
o f  a  v e h i c l e  p l u s  e i g h t  f e e t .  Hence, kl and k lc l  a r e  c o n s t a n t s  
r e p r e s e n t i n g  t h i s  l e n g t h  and ui and uncl a r e  t h e  space  mean speeds  
over  t h e  p e r i o d  of computat ion.  

F i n a l l y ,  f o r  t h e  one-minute sample,  

si = TT& 

T h i s  method was improved a t  t h e  end of  1 9 6 9  s o  t h a t ,  a l t hough  
a c t u a l  s t o r a g e  (Si) was c a l c u l a t e d  i n  t h i s  way t o  s t a r t  me te r ing ,  
subsequent  c a l c u l a t i o n s  were, made s u b j e c t  t o  a  check on t h e  a c t u a l  
s t o r a g e  by t h e  change i n  t h e  a l g e b r a i c  sum o f  i n p u t s  and o u t p u t s .  

The c a l c u l a t e d  meter ing  r a t e s  were t hen  p r e s e n t e d  a s  g reen  
p e r i o d s  t o  w a i t i n g  m o t o r i s t s ,  p rovided  a  v e h i c l e  had been d e t e c t e d  
a t  t h e  ramp s i g n a l .  P a r t i c u l a r l y  a t  t h e  one-at-a- t ime metered 
ramps, t h i s  p r even ted  v e h i c l e s  d r i v i n g  down t h e  ramps a t  e x c e s s i v e  
speeds  o r  s t o p p i n g  suddenly.  S ince  t h e  me te r ing  r a t e  f o r  t h e  two 
L i v e r n o i s  rarnps was c a l c u l a t e d  f o r  t h e  same subsystem, t h e  two 
ramps s h a r e d  t h e  a l l owab le  number o f  e n t r i e s .  

OPERATION OF INFOPmTION SIGNS 

For  t h i s  i n v e s t i g a t i o n ,  t h e r e  were 27 changeable  i n f o r m a t i o n  
s i g n s  o p e r a t i n g  i n  t h e  l o c a t i o n s  shown i n  F i g u r e  3. The s i g n s  a r e  
o f  t h r e e  d i f f e r e n t  d e s i g n s ,  t h e  d e t a i l s  o f  which a r e  d e s c r i b e d  
i n  an e a r l i e r  p r o j e c t  r e p c r t  ( T ~ s - 4 ) .  The purpose and message of  
.a11 t h e  s i g n s  were s i m i l a r  i n  t h a t  they  d i r e c t e d  m o t o r i s t s  t o  t h e  
q u i c k e r  o f  two p o s s i b l e  r o u t e s  t o  t h e  northbound Lodge Freeway. 
The s i g n s  were a l l  l o c a t e d  j u s t  upstream of  d e c i s i o n  p o i n t s  and 
s imply d i r e c t e d  m o t o r i s t s  t o  t u r n  l e f t  o r  r i g h t ,  e n t e r  t h e  Free-  
way o r  c o n t i n u e  s t r a i g h t  ahead,  depending on t h e  most advantageous 
r o u t e  a t  t h a t  p a r t i c u l a r  t ime .  A surnnlary o f  t h e  s i g n  o p e r a t i n g  
p rocedure  f o l l o w s .  

The s i g n s  i n d i c a t e  p a t h s  c o n s i s t e n t  w i th  each o t h e r  and t h u s  
form grcrups. Of t h e  t o t a l .  o f  27 s i g n s ,  on ly  1 2  independent  cont : rol  
o p e r a t i o n s  a r e  neces sa ry  [ r e f e r  t o  F i g u r e  3 ) :  

1. S i g n  1. 
2.  S i g n  2.  
3 .  S i g n s  3,  4 ,  and 5. 
4. S i g n s  6,  7 ,  8 ,  and 9 .  
5. S i g n s  10 ,  11, 12 ,  and 13 .  
6.  S i g n s  1 4 ,  15 ,  and 16 .  
7 .  S ign  1 7 .  
8. S igns  1 8  and 1 9 ,  
9 .  S i g n s  2 0 ,  21, and 2 6 .  

1 0 .  S i g n s  22, 23, and 2 7 .  
11. S i g n  24 .  
12. S i g n  25. 



FIGURE 3 
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Sign 1 d i s p l a y s  t h e  qu icker  of  t h e - t w o  a l t e r n a t e  r o u t e s  t o  
ramps beyond West Grand Boulevard when t h a t  ramp i s  conges ted .  The 
qu icker  r o u t e  i s  determined from t h e  i n p u t  t o  two s u r f a c e  s treet  
d e t e c t o r s ,  one l o c a t e d  on t h e  E a s t  S e r v i c e  Drive sou th  of  Seward 
and one on Second Avenue. 

S ign 17 shows t h e  q u i c k e s t  of t h r e e  r o u t e s  v i a  Fenke l l  Avenue n 

( p o s s i b l y . u s i n g  t h e  Freeway p a r t  of t h e  way),  P u r i t a n  Avenue o r  
McNichols Road. The a p p r o p r i a t e  r o u t e  i s  determined from t h e  t r a f f i c  
i n p u t  volume t o  t h r e e  s u r f a c e  s t r e e t  d e t e c t o r s ,  one on each of  t h e  
t h r e e  s t r e e t s .  S i g n s 2 5  supplements Sign 17 by showing whether 
P u r i t a n  l;r llcNi chu.7 s represent-.s t h e  quiclcest r o u t e .  

S igns  18  and 1 9  always i n d i c a t e  lWelf th  S t r e e t  u n l e s s  r a i lway  
c r o s s i n g  a c t i v i t i e s  a r e  t ak ing  p l a c e  a t  t h e  Twelfth S t r e e t  c r o s s i n g .  

The remaining s i g n s  i n  t h e  l i s t  e f f e c t i v e l y  cover a l l  approaches 
t o  t h e  n ine  on-ramps i n  t h e  6 . I  mi l e  Freeway s e c t i o n .  The meter ing  
should  r e s u l t  i n  t h e  t r a n s f e r  of  most of t h e  Freeway conges t ion  t o  
t h e  ramps. Queue d e t e c t o r s  a t  t h e  head of  t h e  ramps r e l a y  t o  t h e  

' C o n t r o l  Center  t h e  e x t e n t  of ramp conges t ion  by measuring t h e  
l e n g t h  of t h e  wa i t ing  queue. An occupancy Level of 2 0 %  f o r  over  
one minute a t  seven of  t h e  metered ramps and 35% f o r  t h e  Davison 

"amp, a c t i v a t e s  s i g n s  t o  d i s p l a y  messages adv i s ing  m o t o r i s t s  t h a t  
t h e  corresponding ramp i s  congested and should  be bypassed t o  t h e  
l e a s t  congested downstream ramp. When a  ramp i s  n o t  conges ted ,  t h e  
correspondinq s i g n  d i r e c t s  m o t o r i s t s  t o  e n t e r  t h e  Freeway by way of  
t h e  ramp.' I f  heavy Freeway conges t ion  could  be d e t e c t e d ,  t h e  up-- 
s t r eam ramp o r  ramps can s t i l l  i n d i c a t e  conges t ion  even though t h e  
occupancy l e v e l  had no t  y e t  been a t t a i n e d .  This  a p p l i e s  p a r t i c u l a r l y  
t o  t h e  Wyoming and Livernois  West e n t r y  ranlps from which d i v e r s i o n  
would 01-11-y be d e s i r a b l e  i n  unusual  c i rcumstances .  

It was found i n  an e a r l i e r  s tudy  t h a t  ramp queue occupancy 
was n o t  l i n e a r l y  r e l a t e d  t o  queue l e n g t h  b u t  r a t h e r  t h a t  as t h e  
queue approached and passed t h e  d e t e c t o r s ,  t h e  va lue  of occupancy 
inc reased  more r a p i d l y  ( 3 3 ) .  During t h e  course  of  t h e  p r e s e n t  s t u d y ,  
it had been t h e  i n t e n t i o n  t o  monitor  t h e  a c t u a l  queue l e n g t h .  T l i i s  
would have r e s u l t e d  i n  a  more a c c u r a t e  de te rmina t ion  of t h e  quic:ker 
pa th  from each sign',  I n s t e a d  of  us ing  a  c o n s t a n t  l e v e l  of  ramp 

. conges t ion  as a  c r i t e r i o n ,  t h e  r e l a t i v e  queue l e n g t h s  of s e v e r a l  
ramps t o g e t h e r  wi th  l i n k  t r a v e l  f imes would have been compared. An 
i n i t i a l  s tudy  showed, however, t h a t  t h e  p r e s e n t  ramp d e t e c t o r s  o:r 
o t h e r s  which could have been s u b s t i t u t e d  were too  i n a c c u r a t e  t o  
mainta in  an input-output  count  on t h e  ramp. Hence, no f u r t h e r  a c t i o n  
was taken.  An a l t e r a t i o n  of  t h e  queue d e t e c t o r  p o s i t i o n s  a t  some 
ramps would have cor rec ted  sone of t h e  counts  which were i n  e r r o r  
because some v e h i c l e s  could avoid t h e  ramp a f t e r  pass ing  t h e  detlec- 
t o r  o r  j o i n  t h e  ramp a f t e r  miss ing  t h e  d e t e c t o r .  Unfor tuna te ly ,  
even t h i s  change would n o t  have l e d  t o  s u f f i c i e n t  accuracy.  

SPECIFIC AIMS OF RESEARCH 

The aims of t h i s  r e s e a r c h  p r o j e c t  a l l  have t h e  same g e n e r a l  
o b j e c t i v e ,  t o  reduce  t r a v e l  time on t h e  freeway, on t h e  ramps and 
on t h e  s u r f a c e  s t r e e t s  of t h e  c o r r i d o r  wi thou t ,  of  course ,  
s a c r i f i c i n g  s a f e t y .  



REDUCTION OF SURFACE STREET TRAVEL TlllES BY MEANS OF REAL-TIFIE 
TRAFFIC SIGNAL CONTROL 

A s  desc r ibed  i n  t h e  previous  s e c t i o n ,  t h e  informat ion  s i g n s  
d i r e c t  m o t o r i s t s  t o  t h e  n e a r e s t  freeway on-ramp u n t i l  a  ramp queue 
b u i l d s  up s o  t h a t  t h e  c r i t i c a l  occupancy i s  reached a t  t h a t  ramp 
queue d e t e c t o r ,  The s i g n s  then p o i n t  t o  an a l t e r n a t e  r o u t e  t o  
o t h e r  downstream ramps s i n c e  t h i s  r o u t e  i s  expected t o  be qu icker .  
With reasonab le  obedience t o  t h e  s i g n s ,  t h e  demand f o r  t h e  c r i t i c a l  
ramp should be reduced,  I t  c a n . b e  expected t h a t  t h e  queue d e t e c t o r  
occupancy w i l l  t hus  be  reduced and a f t e r  some t ime,  t h e  s i g n s  r e v e r t  
t o  inrl icat ir lg irrmediate freeway e n t r a n c e  v i a  t h e  n e a r e s t  ramp. Thus 
an  equ i l ib r ium d e t e c t o r  occupancy o r  queue l eng th  has a  tendency t o  
form , 

This  s i g n  c o n t r o l  s t r a t e g y  i s  based on an assumed known and- 
c o n s t a n t  a l t e r n a t e  rou1:e t r a v e l  t ime.  An allowance can be made f o r  
a  v a r i a b l e  t r a v e l  t ime 'by  t ime o f  day.  With only a  few s u r f a c e  
s t r e e t  d e t e c t o r s ,  however, it i s  n o t  f e a s i b l e  t o  a l s o  a d j u s t  t h i s  
time according t o  c u r r e n t  t r a f f i c  c o n d i t i o n s .  Never theless ,  and 
having t h i s  more p r e f e r a b l e  method, a l t e r n a t e  s u r f a c e  r o u t e  t r a v e l  
times can be improved hy adjus tments  t o  s i g n a l  t imings .  A s  a r e s u l t ,  
overa l l .  s u r f a c e  s t r e e t  t k a v e l  t imes  should have been reduced and, 
i n  p a r t i c u l a r ,  t h e  a l t e r n a t e  r o u t e  t r a v e l  time should have been 
more compe t i t ive  wi th  t h e  Freeway. This  should l ead  t o  a rediuction 
i n  t h e  equ i l ib r ium ramp queue l e n g t h  and hence ramp queue de lay .  

REVISION OF RAMP METERING CALCULATIONS 

The p r i n c i p a l  assumptions i n  t h e  p r e s e n t  ramp meter ing  ca lcu-  
l a t i o n s  a r e  t h e  method of averaging two space-mean-speeds t o  o b t a i n  
an  o v e r a l l  average speed f o r  a  subsystem and t h e  use  of an empi r i ca l  
v a l u e  f o r  t h e  c o n s t a n t  i n  t h e  speed-occupancy-volume equat ion .  
F i r s t l y ,  i t  i s  q u i t e  l i k e l y  t h a t  v e h i c l e s  slow down between de tec -  
t o r  s t a t i o n s  which a r e  u s u a l l y  some d i s t a n c e  from a  ramp. Sec~ondly, 
t h e  c o n s t a n t s  a r e  based only  on assumed average l e n g t h  of v e h i c l e  
and t h i s  average l e n g t h  c o u l d ' e a s i i y  change dur ing t h e  course  of  t h e  
peak p e r i o d ,  A change i n  t h e  p r o p o r t i o n  of t r u c k s  would b r i n g  about  
such an  e f f e c t .  

Before t h e  i n v e s t i g a t i o n  commenced, some c o n s i d e r a t i o n  had 
been given t o  i n c o r p o r a t i n g  t h e  ramp queue l eng ths  i n t o  t h e  meter ing  
a lgor i thm.  Such a  change i n  t h e  overall .  method of metering was n o t  
pursued i n  t h e  end because of t h e  d i f f i c u l t y  i n  monitoring queue 
l e n g t h  a s  desc r ibed  above. A t t e n t i o n  was t h e r e f o r e  focused on t h e  
asstunptions i n  t h e  c u r r e n t  meter ing  s t r a t e g y  which does n o t  
n e c e s s a r i l y  have any b a s i c  f laws.  

The purpose of ra.mp meter ing  a s  s t a t e d  above i s  t o  reguilate  
t h e  demand f o r  va r ious  freeway s e c t i o n s  by means of  an o rd ina ry  
stop-and-go t r a f f i c  s i g n a l .  High obedience t o  t h e s e  t r a f f i c  s i g n a l s  
i s  necessary  f o r  t h e  concept  t o  o p e r a t e  p roper ly .  Motor i s t s  a r e  
r e q u i r e d  t o  s t o p  a t  ramp s i g n a l s  j u s t  a s  they a r e  a t  i n t e r s e c t i o n  
s i g n a l s .  However, enforcement a t  ramp s i g n a l s  r a r e l y  occurs .  
Therefore ,  t h e  system should be des igned t o  conmand t h e  r e s p e c t  and 
a t t e n t i . o n  of a l l  d r i v e r s .  A t  t h e  beginning of 1970, t h i s  was.  
accomplished by u t i l i z i n g  warning s i g n s ,  r e g u l a t o r y  s i g n s  and pave- 
ment markings.  

Ramp meter ing  i t s e l f  was accompiished by e l e c t r o n i c  d e t e c t i o n  
of  t h e  p resence  of  a  v e h i c l e ,  c y c l i n g  t h e  s i g n a l  c o n t r o l l e r  through 



t h e  d u r a t i o n  c a l l e d  f o r  a s  r e f l e c t e d  by c o n d i t i o n s  on t h e  Freeway, 
changing t h e  s i g n a l  t o  green and then changing i t  back t o  r e d  b e f o r e  
a  second v e h i c l e  passed.  The s e ~ l s i n g  dev ice  used was an in-pavement 
loop  d e t e c t o r .  S ince  t h e  l o c a t i o n  (even t h e  e x i s t e n c e )  of t h e  loop 
i s  probabXy a  mystery t o  most m o t o r i s t s ,  e f f e c t i v e  forms of  t r a f f i c  . 
c o n t r o l  had t o  be  employed t o  p o s i t i o n  each succeeding v e h i c l e  i n  
a zone n o t  l a r g e r  i n  s i z e  than a  s t a n d a r d  automobile.  

REVISION OF METERING STRATEGY TO TRY TO PREVENT THE BUILD-UP OF 
CONGESTION AT BOTTLENECKS 

Three p o t e n t i a l l y  s e r i o u s  a r e a s  o f  conges t ion  were i d e n t i f i e d  
wi th  t h e  s tudy sec t ior l  of t h e  northbound Lodge Freeway. Two of 
t h e s e  occur a t  t h e  Chicago and Liriwood e x i t  ramps where t h e  Freeway 
dec reases  from four  t o  t h r e e  l a n e s .  The t h i r d  i s  i n  t h e  v i c i n i t y  
of t h e  L ive rno i s  ramps and i s  caused because o f  merging d i f f i c u l t i e s  
wi th  h igh Freeway volumes. The four - l ane  s e c t i o n s  of Freeway each 
commence wi th  very h igh on-ramp volumes a t  bo th  t h e  West Grand 
Boulevard and Davison ramps. Downstream from t h e s e  l o c a t i o n s ,  t h e r e  
a r e  d e t e c t o r  s t a t i o n s  cover ing  each o f  t h e  f o u r  l a n e s .  

 he method of meter ing  cons ide r s  only t h e  immediate upstream 
and downstream s t a t i . o n s  t o  de termine  t h e  metering' r a t e .  With an 
e x t r a  l a n e ,  t h e r e  w i l l  be no merging d i f f i c u l t y  and u s u a l l y  no 
c a p a c i t y  problem, Fur the r  ddwnstream, however, a  l a n e  i s  dropped 
a t  an e x i t  ramp. S ince  t h e s e  e x i t  'ramps do n o t  c a r r y  p a r t i c u l a r l y  
h igh volumes, most of t h e  t r a f f i c  i n  t h e  f o u r t h  l a n e  must merge 
i n t o  t h e  t h i r d  l a n e .  

I n  cons ide r ing  a p o s s i b l e  r e v i s i o n  i n  t h e  meter ing  s t r a t e g y , ,  
it d i d  n o t  seem necessary  t o  base  c a l c u l a t i o n s  on t h e  f i r s t  down- 
s t ream t h r e e - l a n e  d e t e c t o r  s t a t i o n .  I n s t e a d ,  i f  t h e  v e h i c l e s  i n  
t h e  f o u r t h  l a n e  could be i d e n t i f i e d  a s  t o  which were about  t o  e x i t  
and which would cont inue  on t h e  Freeway, t h e  u l t i m a t e  merging 
requi rement  could be met a t  t h e  four - l ane  s t a t i o n .  The aim i n  t h i s  
t a s k  was t o  s tudy  t h e  t r a f f i c  a t  t h e  Oakman d e t e c t o r  s t a t i o n  down- 
s t ream from t h e  Davison ramp. The reason  f o r  choosing t h i s  sub- 
system was t h a t  t h e  Davison ramp queue might i n c r e a s e  t o  t h e  e x t e n t  
t h a t  i t  would block a  l a n e  of t h e  pavison Expressway. 

' DIVERSION OF TRAFFIC FROM INTERSECTIONS WHICH 1-IAY BE BLOCKER BY 
RAMP QUEUES 

There a r e  two ramp queues which, i f  they  become extended,  
could e a s i l y  block pass ing  t r a f f i c .  These a r e  a t  t h e  West Grand . 
Boulevard and t h e  Davison ramps. * D e s p i t e  t h e  in fo rmat ion  s i g n s ,  it 
was conceivable  t h a t  t h e s e  ramp queues might con t inue  t o  i n c r e a s e ,  
a t  l e a s t  on a s h o r t  term b a s i s .  I f  noth ing could be  done about  t h e  
ramp queues,  a t  l e a s t  t h e  p o s s i b i l i t y  e x i s t e d  t h a t  some s u r f a c e  
s t r e e t  t r a f f i c  could .be d i v e r t e d  t o  p r e v e n t  an i n t e r a c t i o n  of  t h e  
two t r a f f i c  s t reams.  Since  a d d i t i o n a l  s i g n s  would a c t u a l l y  have 
been r e q u i r e d  t o  accomplish t h i s ,  t h e  aim h e r e  was merely t o  s tudy  
t h e  p o t e n t i a l  of each i n d i v i d u a l  e x i s t i n g  s i g n  t o - d i v e r t  s u r f a c e  
s t r e e t  t r a f f i c  from t h e s e  p o i n t s  of  conges t ion .  



CHAPTER 2 - 
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REDUCTION OF SURFACE STREET TRAVEL TIMES BY MEANS OF 
REAL-TIME TRAFFIC SIGNAL CONTROL 

There a r e  about  60 s i g n a l i z e d  i .ntersecti .on. c o n t r o l l e r s  i n  t h e  
s tudy  s e c t i o n  of t h e  Lodge Freeway Cor r idor  (F igure  4 ) .  Each con- 
t r o l l e r  corresponds t o  a  s i n g l e  i n t e r s e c t i o n  excep t  f o r  t h e  p a i r s  
of i n t e r s e c t i o n s  on t h e  S e r v i c e  Drive a t  t h e  same c r o s s  s t r e e t .  For 
t h i s  purpose,  t h e  i n t e r s e c t i o n  of Webb and Woodrow Wilson forms a  
p a i r  w i t h '  Webb and t h e  Eas t  S e r v i c e . D r i v e .  F i f ty- two of t h e  con- 
t r o l l e r s  a r e  i n  t h e  C i ty  of  D e t r o i t ,  wh i l e  e i g h t  a r e  l o c a t e d  i n  t h e  
C i t y  of  Highland Park.  

A t  t h e  beginning of 1970, t h e  s i g n a l s  a t  i n t e r s e c t i o n s  south  
of  Webb Avenue were opera ted  from a  master  c o n t r o l l e r  i n  t h e  13 th  
P r e c i n c t  D e t r o i t  P o l i c e  Department S t a t i o n .  Three t iming p lans  
were used,  one f o r  t h e  morning peak p e r i o d ,  one f o r  a l l  off-peak 
hours  and one f o r  t h e  a f t e rnoon  peak p e r i o d .  The a f t e rnoon  peak 
p e r i o d ,  de f ined  by t h e  C i t y  of D e t r o i t  f o r  s p e c i a l  s ignal .  c o n t r o l ,  
roughly corresponded t o  t h e  o p e r a t i o n a l  pe r iod  of  exper imenta l  
s i g n s  and s i g n a l s  i n  t h e  Lodge Cor r idor .  A c a r e f u l  review of t h e  
e x i s t i n g  t iming scheme reached reasonably  good s i g n a l  p r o g r e ~ i s i o n  
f o r  i-~orthbound t r a f f i c .  A uniform c y c l e  t ime of 70 seconds was 
provided on Second Avenue, Third Avenue and t h e  E a s t  S e r v i c e  Drive. 
There was, however, l i t t l e  p rogress ion  on any of t h e  c r o s s  s t r e e t s  
wi th  t h e  excep t ion  of West Grand Boulevard. The p r i n c i p a l  weakness 
o f  t h e  system was t h a t  none of t h e  s i g n a l  t imings  was respons ive  i n  
any way t o  t r a f f i c  volume changes w i t h i n  t h e  peak p e r i o d .  Af te r -  
noon peak pe r iod  t imings merely d i f f e r e d  from t h e  t imings  es t .abl i shed 
f o r  o t h e r  pe r iods  of t h e  day. 

The i n t e r s e c t i o n s  i n  t h e  C i ty  of Highland Park opera ted  
s t r i c t l y  on a  f i x e d ,  24-hour p l a n  wi th  a  uniform c y c l e  t ime of 70 
seconds .  S ~ m e  improve~nent i n  northbound p rogress ion  was made 
fo l lowing  an i n v e s t i g a t i o n  by TTI ( 5 )  . 

The remaining i n t e r s e c t i o n s  i n  t h e  nor thwest  s e c t i o n  of t h e  
Cor r idor  were cons idered  t o  be i s o l a t e d  i n t e r s e c t i o n s .  The c y c l e  ' 

t imes  were n o t  uniform, be ing e i t h e r  60 o r  7 0  seconds i n  d u r a t i o n  
and va ry ing  by t ime of day. 

It was decided t o  develop a  scheme of s i g n a l  c o n t r o l  f o r  on ly  
27 of t h e  i n t e r s e c t i o n s  (Figure  5 ) .  About 30 i n t e r s e c t i o n s  arere  
omi t t ed  from c o n s i d e r a t i o n  mainly because of p h y s i c a l  d i f f i c u l t i e s  
i n  a r r a n g i n g  f o r  c o n t r o l ,  t ime and f i n a n c i a l  c o n s t r a i n t s .  The 
i n t e r s e c t i o n s  s e l e c t e d  f o r  c o n t r o l  inc luded a l l  of  those  on 
Hamilton, t h e  Se rv ice  Drive and a few on impor tant  c r o s s  s t r e e t s  
(F igure  5 ) .  The>e form a  group of 2 1  i n t e r s e c t i o n s .  Second Avenue 
i n t e r s e c t i o n s  were n o t  inc luded because,  wi th  minor c r o s s  s t r e e t  
t r a f f i c ,  i t  was considered  t h a t  i t  would be d i f f i c u l t  t o  improve on 
t h e  C i t y  of D e t r o i t ' s  p l a n .  An a d d i t i o n a l  s i x  i n t e r s e c t i o n s  i n  t h e  
nor thwest  s e c t i o n  made up t h e  t o t a l  of  2 7 ,  a l though t h e  l a t t e r  
group were s t i l l  t r e a t e d  a s  i s o l a t e d  i n t e r s e c t i o n s .  

Computer c o n t r o l  of a  network of s i g n a l i z e d  i n t e r s e c t i o n s  
has  been a t tempted i n  s e v e r a l  c i t i e s  i n  r e c e n t  y e a r s ,  notably  
Wichi ta  F a l l s  (121, San Jose  (13)  and Glasgow ( 1 4 )  , I n  each of  
t h e s e ,  t h e  g e n e r a l  o b j e c t  was t o  minimize t h e  t o t a l  t r a v e l  time f o r  
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v e h i c l e s  i n  t h e  network. This  was achieved by s e t t i n g  up t iming 
p lans  t o  s u i t  t.he cu r ren t ly  d e t e c t e d  t r a f f i c  volumes. Varying 
numbers of d e t e c t o r s  were used i n  t h e  d i f f e r e n t  c i t i e s  t o  pass  volume 
and speed o r  occupancy d a t a  t o  t h e  computer. 

At.  f i r s t  it was considered  p o s s i b l e  t o  i n s t a l l  s u f f i c i e n t  
d e t e c t o r s  on t h e  a f f e c t e d  s t - r e e t s  i n  t h e  Lodge Cor r idor  t o  enable  
a s i m i l a r  method t o  be used. I t  was planned t o  i n s t a l l  b o p  d e t e c t o r s  
a t  30 s t a t i o n s ,  which would have c o n s t i t u t e d  a  minimum s e t  f o r  r e a l -  
t ime c o n t r o l .  However, it became apparen t  t h a t  time and budgetary 
r e s t r a i n t s  woutu p r ~ v e n t  no more than  a  f r a c t i o n  of t h e s e  from being 
used. In t h e  end, t h e r e  were e x a c t l y  23 d e t e c t o r  s t a t i o n s  (Figure  
6 ) .  These could only he used t.o check f o r  ra i lway c r o s s i n g  a c t i v i -  
t i e s  and t o  determine t h e  p r e f e r r e d  a l t e r n a t e  r o u t e  f o r  t h e  s i g n  
d i s p l a y s .  The number was q u i t e  i n s u f f i c i e n t  f o r  s i g n a l  c o n t r o l .  
Hence, i t  was decided t o  develop s i g n a l  timing p lans  based on h i s -  
t o r i c a l  volume counts .  These were obta ined by p r o j e c t . a n d  Ci ty  of 
D e t r o i t  personnel.. 7'he f i g u r e s  d i d  appear t o  be f a i r l y  s t a b l e  from U 

day t o  day and t h e  t i~n ' ing  p lans  could a t  l e a s t  be  v a r i e d  f a r  more 
o f t e n  than  once per  peak pe r iod .  

The h i s t o r i c a l  volurne counts ,  t o g e t h e r  wit.h informat ion  on 
i n t e r s e c t i o n  geornetry comprise s u f f i c i e n t  d a t a  t o  determine t h e  
s p l i t  of  green time f o r  eac,h of t h e  27 i n t e r s e c t i o n s .  I t  was 
decided t o  r e c a l c u l a t e  t h e  s p l i t  every 15 minutes l eav ing  t h e  c y c l e  
t ime unchanged a t  7 0  seconds o r  6 0  seconds.  The 15-minute per iod  
was cons ide red  t o  be a r easonab le  pe r iod  t o  al low f o r  r e g u l a r  peak- 
per iod  volume changes and y e t  ignore  s h o r t  term f l u c t u a t i o n s  which 
could no t  be  d e t e c t e d .  

S a t u r a t i o n  flows f o r  each approach t o  an i n t e r s e c t i o n  were 
computed from t h e  i n t e r s e c t i o n  geometry. Some modi f i ca t ions  were 
made f o r  t h e  e f f e c t s  of bus s t o p s  and p e d e s t r i a n  a c t i v i t y .  For 
each phase and 15-minute pe r iod ,  a  r a t i o  was formed between t h e  
h e a v i e s t  t . r a f f i c  volume and t h e  corresponding s a t u r a t i o n  f low. The 
green t ime was s p l i t  i n  p ropor t ion  t o  t h e s e  r a t i o s  from t h e  d i f f e r -  
e n t  phases ,  s u b j e c t  r o  t h e  requirement of  a  s a f e  c r o s s i n g  t ime f o r  
p e d e s t r i a n s ,  supp l i ed  by t h e  Ci ty  of D e t r o i t .  Therefore ,  t h e  
s p l i t  of green t ime remained c o n s t a n t  over  any quar ter -hour  perj.od 
and d i d  n o t  change from day t o  day. 

The main group of 2 1  i n t e r s e c t i o n s  had a  common c y c l e  t ime of 
70 seconds.  Progress ion could t h e r e f o r e  be ob ta ined  by f i x i n g  a 
s u i t a b l e  va lue  of o f f s e t .  A t  t h e  o t h e r  s i x  i n t e r s e c t i o n s ,  t h e  
o f f s e t  was l e f t  unchanged. 

I n  a l l  of t h e  o t h e r  s i g n a l  schemes r e p o r t e d ,  t h e  o f f s e t  u s u a l l y  
favored t h e  d i r e c t i o n  of heav ie r  f low. For t h i s  p r o j e c t ,  however, 
an a d d i t i o n a l  ~ b j e c t  of t h e  computer c o n t r o l  was t o  reduce,  i f  
p o s s i b l e ,  t h e  t r a v e l  t i m e  between cho ice  p o i n t s  on t h e  a l t e r n a t e  
r o u t e s .  Wherever t h e s e  two requirements  c o n f l i c t e d ,  t h e  t r a f f i c :  
fo l lowing t h e  info;mation s i g n s  was favored.  Because of t h e  l i m i t e d  
number of s u r f a c e  s t r e e t  d e t e c t o r s ,  it was decided t o  l i m i t  o f f s e t  
changes t o  a  minimum of once every f i v e  minutes.  

There a r e  t h r e e  c l o s e d  loops of s t r e e t s  when t h e  Department 
of S t r e e t s  and T r a f f i c  system i s  superimposed on t h e  p r e s e n t  
scheme (F igure  4 ) .  There a r e  12  p o s s i b l e  pa ths  t o  t h e  four  ramps 
shown, depending on t h e  s t a t e  of t h e  informat ion  s i g n s ,  inc lud ing  
t h e  v a r i a b l e  message s i g n  a t  t h e  i n t e r s e c t i o n  of West Grand 
Boulevard and Second Avenue. This  p a r t i c u l - a r  s i g n  i n d i c a t e s  both 
t h e  a p p r o p r i a t e  ramp f o r  Freeway access  and t h e  s u r f a c e  s t r e e t - -  
Second Avenue o r  Se rv ice  Drive. The c losed  loops were "broken" a s  
shown i n  Tiible 2 -1  s o  t h a t  t h e r e  i s  no i n t e n t i o n a l  coord ina t ion  on 
t h e  l i n k s  g iven.  
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TABLE 2-1 
OFFSET STRATEGIES 

� POSSIBLE 
PATHS 

S I G N  STATES 2ND OR 
SEWARD W . G .BY SERVICE 

RAMP RN1P RAMP D R .  (S.D.)  -- -- BROKEN LINKS 

g reen  g reen  g reen  S .D. 14-13, 12-11, 110-28 

g reen  g reen  red  S . D .  49-24, 1 2 - 1 1 ,  10-28 

g reen  r e d  g reen  S .D. 14-13, 49-24, 10-28 

g reen  r e d  r e d  S.D. 49-24, 50-25, 110-28 

r e d  g reen  g reen  S .D .  14-13, 12-11, 50-25 

r e d  g reen  r e d  s .D. 49-24, 12-11, 50-25 

r e d  r e d  g reen  S . D .  14-13, 49-24, 50-25 

r e d  r e d  r e d  S.D. 49-24, 50-25 , 50-29 

green  g reen  r e d  2nd - 48-23, 12-11, 10-28 

10 g reen  r e d  r e d  2 n d  48-23, 49-24, 10-28 

11 r e d  g reen  r e d .  2nd 48-23', 12-11, 513-75 

1 2  r e d  r e d  r e d  2nd 48-23, 49-24, 50-25 

The remaining l i n k s  form a  col l t inuous open network o f  no r th -  
s o u t h  o r  ea s t -wes t  s t r e e t s .  Average t r a v e l  times f o r  each  hour  o f  
t h e  day had p r e v i o u s l y  been o b t a i n e d .  The t r a v e l  times were a v a i l -  
a b l e  a s  t h e  sum of running  and s topped  t imes .  It was dec ided  t o  l e t  
t h e  o f f s e t  be  such t h a t  a  v e h i c l e ,  e n t e r i n g  a  l i n k  a t  t h e  beginning  
of  t h e  amber t ime and moving w i t h  a  speed  cor responding  t o  t h e  run- 
n ing  t r a v e l  t ime,  would a r r i v e  a t  t h e  downstream i n t e r s e c t i o n  a l s o  
a t  t h e  beg inn ing -o f  archer. F u r t h e r  d e t a i l s  o f  t h e  s o f t w a r e  method- 
ology a r e  g iven  i n  Appendix 3. Appendix C g i v e s  a l i s t  of p o s s i b l e  
s p l i t s  o f  green  t ime and t h e  assumed t r a v e l  t imes  f o r  each  hour .  

S p e c i f i c a t i o n s  f o r  t h e  hardware t o  be  p l aced  a t  each i n t e r -  
s e c t i o n  i n  t h e  c o n t r o l  system were p repa red  by p r o j e c t  s t a f f  
(Appendix C ) .  These s p e c i f i c a t i o n s ,  d e s c r i b i n g  i n  d e t a i l  what con- 
t r o l  f u n c t i o n s  t h e s e  u n i t s  must perform, were t h e n  s e n t  o u t  f o r  bids .  
Much of t h e  in fo rma t ion  needed t o  p l a n  t h i s  t a s k  was assembled by 

' 

d i s c u s s i o n  w i t h  t h e  C i t y  and County a g e n c i e s  r e s p o n s i b l e  f o r  t r a f f i c  
s i g n a l  c o n t r o l l e r s ,  a s  w e l l  as by r ev iewing  the l i k e r a t u r e  a v a i l a b l e .  

The Eagle  S i g n a l  Company s u p p l i e d  t h e  r e l a y  a s sembl i e s  t o  be 
p l aced  a t  each  of t h e  c o n t r o l l e r s .  The co r re spond ing  a s sembl i e s  
were l i n k e d  by means af l e a s e d  Plichigan B e l l  Telephone l i n e s .  The 
a s sembl i e s  performed t h e  fo l lowing  f u n c t i o n s  through t h e  computer: 
d i s c o n n e c t i n g  t h e  l o c a l  c o n t r o l l e r ' s  t iming ,  s t e p p i n g  t h e  con t ro l l . e r  
th rough each i n t e r v a l ,  v a r y i n g  t h e  t ime  o f  the i n t e r v a l ,  and check- 
i n g  t h e  d i s p l a y  d u r i n g  main s t r e e t  g reen  t o  v e r i f y  t h a t  t h e  p u l s e s  
s e n t  d u r i n g  t h e  p rev ious  c y c l e  had been  c o r r e c t l y  i n t e r p r e t e d .  

A f t e r  r e c e i p t  of  t h e  a s s e m b l i e s ,  t h e  u n i t  was bench- tes ted  t o  
a s s u r e  p rope r  o p e r a t i o n ,  a s  well a s  t o  conf i rm t h a t  t h e  e l e c t r i c a l  
c o n t r o l  l o g i c  was c o r r e c t .  Appendix A c o n t a i n s  a schemat ic  showing 
t h e  t y p i c a l  e l e c t r i c a l  connec t ions  from t h e  computer a t  t h e  Con t ro l  
Cen te r  t o  each  o f  t h e  s i g n a l  c o n t r o l l e r s  i n  +he f i e i d .  



With improved s i g n a l  t iming,  i t  i s  l i k e l y  t h a t  t h e r e  w i l l  b e  a  
r e d u c t i o n  i n  t r a v e l  t ime on many l i n k s  f o r  any g iven t r a f f i c  f low. 
A l i n k  is simply a s t r e e t  o r  p a r t  o f  a  s t r e e t  connect ing  two a d j a c e n t  
s i g n a l i z e d  i n t e r s e c t i o n s  i n  one d i r e c t i o n .  I n  c o n t r a s t  t o  t r a v e l  
time sav.ings, t h e r e  could a l s o  be an i n c r e a s e d  de lay  t o  some mcltoris ts  
on c e r t a i n  approaches t o  some of t h e  i n t e r s e c t i o n s .  I t  i s  expected 
t h a t  t h e  11umht:r of m o t o r i s t s  cxperiencincj such de lay  w i l l  be  smal l .  
The ovcral.1 t a s t  w i l l  bc t h e  change i n  t o t a l  t r a v e l  t ime f o r  a  g iven 
am0un"r.f t r a v e l .  V i r t u a l l y  t h e  whole Cor r idor  should  be  eva lua ted  
because of th? iinka~e bet:;ecn a d j a c e n t  siqnalized i n t e r s e c t i o n s .  

The c o n t r o l  scheme was t o  be t e s t e d  f o r  a r e d u c t i o n  i n  t o t a l  
t r a v e l  t ime a f t e r  i t s  i n t r o d u c t i o n ,  There could be less t r a v e l  t ime 
o r  d e l a y ,  however, i f  t h e  amount of t r a v e l  i n  vehic le-mi les  i s  l e s s  
f o r  a  p a r t i c u l a r  day.  

The t o t a l  t r a v e l  i n  veh ic le -mi les  can be ob ta ined  by means of 
a  sampling technique  developed by TTI i n  a  previous  p r o j e c t  ( 1 5 ) .  
Each of s e v e r a l  obse rve r s  a r e  r e q u i r e d  t o  t o u r  s e v e r a l  i n t e r s e c t i o n s .  
The t r a f f i c  vnlumes on a p a i r  of  approaches ,  i f  p o s s i b l e  by t u r n i n g  
movement, a r e  coul?ted, Af te r  a l l  approaches have been counted f o r  

* f i v e  c y c l e s ,  each observer  then proceeds t o  t h e  next  i n t e r s e c t i o n  on 
h i s  t o u r .  The measured volumes l e a d  d i r e c t l y  ka an e s t i m a t e  of t h e  
volume l eav ing  a l i n k  o r  sometimes e n t e r i n g  a l i n k .  I f  t h e r e  i s  
inore than one v i s i t  during' t h e  s tudy  p e r i o d ,  t h e  s e p a r a t e  l i n k  
volumes'can be averaged.  The observed volumes can a l s o  be  supple-  
mented by d a t a  from machine counts  o r  from loop d e t e b t o r s  connected 
t o  the,  computer. 

For a  g iven amou~lt of t r a v e l ,  t h e  average speed on each l i n k  
be fo re  and a f t e r  t h e  i n t r o d u c t i o n  of  t h e  c o n t r o l  scheme determines  
t h e  e x t e n t  of any improvement. Two methods of measuring average 
t r a v e l  t ime were a v a i l a b l e .  

I n  t h e  f i r s t  method, a  ' f l o a t i n g '  c a r  t r a v e l s  on a number of  
s e l e c t e d  journeys s o  t h a t  t h e  c a r s  e n t e r  most i n t e r s e c t i o n s  from 
more than  one approach. Four d i f f e r e n t  s tudy  pa ths  were devised  
(F igure  7-10) .  Where p rogress ion  i s  being a t tempted i n  one d i r e c t i o n ,  
t h e  de lays  may i n c r e a s e  i n  t h e  o p p o s i t e  d i r e c t i o n .  The f l o a t i n g  c a r  
d i r e c t l y  measures t h e  average  t q a v e l  t ime and because of t h i s  many 
r e p l i c a t i o n s  of t h e  t r i p s  should be made. 

The second method uses a e r i a l  photography i n  combination wi th  
t h e  ground coun t ing  desc r ibed  above. From t h e  developed f i l m ,  a l l  
non-parked v e h i c l e s  on each l i n k  can be counted.  S ince  each l i n k  
can be expected  t o  be photographed about  t h r e e  t imes p e r  hour wi th  
t h e  type  of p lane  a v a i l a b l e ,  t h e  v e h i c l e s  t h a t  a r e  counted r e p r e s e n t  
numbers of  v e h i c l e s  on t h e  l i n k  a t  known t imes  dur ing  t h e  s e s s i o n .  
Hence, t h e  t o t a l  t r a v e l  t ime f o r  each hour o r  t h e  whole s e s s i o n  can 
b e  es t ima ted .  The average journey speed f o r  any l i n k  can a l s o  be 
ob ta ined  by d i v i d i n g  t o t a l  t r a v e l  ( a s  measured above) by t o t a l  
t r a v e l  t ime f o r  the same per iod  of t ime.  

REVIS I O N  OF RAMP FlETERING CALCULATIONS 

Two s e p a r a t e  techniques  were a v a i l a b l e  t o  check t h e  param~eters  
used i n  t h e  ramp metering c a l c u l a t i o n s .  I n  t h e  f i r s t ,  a e r i a l  p:hoto- 
graphy can b e  used d i r e c t . 1 ~  t o  measure s t o r a g e  between t h e  d e t e c t o r  
s t a t i o n s .  The Freeway can be  photographed many t imes dur ing  a f l i g h t  
s e s s i o n ,  s o  t h a t  counted v e h i c l e s  r e p r e s e n t  t h e  number o f  v e h i c l e s  
i n  each subsystem a t  known t imes dur ing  t h e  s e s s i o n .  Hence, j u s t  a s  
f o r  t h e  s u r f a c e  street p rev ious ly ,  t h e  t o t a l  t r a v e l  t ime f o r  each 
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hour o r  t h e  whole s e s s i o n  can be ob ta ined .  This  can be  compared 
wi th  t h e  t o t a l  t r a v e l  time over  t h e  same pe r iod  ob ta ined  from thie 
computer 's  r ecords .  

111 t h e  second method, a  ' f l o a t i n g '  c a r  i s  used t o  d i r e c t l y  
measure t h e  average t r a v e l  t ime between s t a t i o n s :  Average speed can 
be  ob ta ined  and t h i s  d iv ided  i n t o  t o t a l  t r a v e l  from t h e  computer 's  
volume measurements. To ta l  t r a v e l  t ime i s  therefore ,  a v a i l a b l e  i . n  
t h i s  way, al though n o t  completely independently of t h e  computer 
because of t h e  llse of t h e  volume measurements. F o r t u n a t e l y ,  t h e  
volume measurements a r e  e a s i l y  checked by no t ing  t h e  i n p u t s  and out -  
p u t s  on t h e  ramps and volumes a t  a d j a c e n t  s t a t i o n s .  

The a e r i a l  photography can a l s o  be used t o  check t h e  d i s t r i -  
bu t ion  o f  t r u c k s  by l ane  and time. The're could be a p a t t e r n  of  (a 
decreas ing  p ropor t ion  of t r u c k s  by time of day. I f  t h e  c o n s t a n t  
i n  t h e  computer ' s  speed c a l c u l a t i o n s  can a l s o  be shown t o  vary i n  t h e  
same proporti .on by t ime 013 day, then  t h e  va lues  should be changed t o  
be  a func t ion  of t h e  time of day. 

'IIAflP METERING--HAIZDWARE: CHANGES TO ItJCWASE OBEDIENCE 

To i n s u r e  high obedience t o  t h e  ramp s i g n a l s ,  which i s  of 
v i t a l  importance t o  t h e  s u c c e s s f u l  o p e r a t i o n  of  t h e  system, propier 
and well-designed hardware i s  e s s e n t i a l .  This  hardware includes.  
ramp s i g n a l s ,  and t r a f f i c  c o n t r o l  s i g n s  and markings. 

The p h y s i c a l  arrangement of  t h e  va r ious  components went through 
f o u r  p r o g r e s s i v e  and d i s t i n c t  changes dur ing  1970. These a r e  shown 
symbol ica l ly  i n  F igure  11, The f i r s t  c o n f i g u r a t i o n  c o n s i s t e d  of  two 
in-pavement loop d e t e c t o r s ,  a  s t o p  l i n e ,  and a th ree -aspec t  s i g n a l .  
I t  should be  noted h e r e  t h a t  t h e s e  two o r i g i n a l  pavement loops 
remained i n  p l a c e  throughout  a11 subsequent  modi f i ca t ions .  The i r  
r e l a t i v e  p o s i t i o n  changedo however, a s  o t h e r  hardware was moved 
about  them. 

The o p e r a t i o n  of t h e  f i r s t  c o n f i g u r a t i o n  was a s  fo l lows :  a 
v e h i c l e  was sefised by e i t h e r  one o r  both of t h e  presence  d e t e c t o r s  
a s  i t  stopped f o r  t h e  red  s i g n a l .  A f t e r  t h e  s i g n a l  turned green f o r  
1 1/2 seconds and amber f o r  anotlfer 1 1 / 2  seconds,  it r e t u r n e d  fo 
r ed .  The lone  r e g u l a t o r y  s i q n  s t a t i n g  "STOP HERE ON RED," which 
was mounted on t h e  t r a f f i c :  s i g n a l  was expected t o  c o n t r o l  t h e  
v e h i c l e s .  However, two success ive ,  eager  m o t o r i s t s  could p a s s  
through on t h e  t h r e e  seconds of non-red a v a i l a b l e .  

The second c o n f i g u r a t i o n  a t tempted t o  p reven t  t h i s  i n  a  nu ihe r  
of ways. F i r s t l y ,  t h e  s i g n a l  was p h y s i c a l l y  moved upstream beyond 
t h e  second loop.  I n  a d d i t i o n ,  t h e  second loop was ass igned  a d i f -  
f e r e n t  f u n c t i o n .  With t h e  upstream loop con t inu ing  t o  a c t  a s  a  
presence  d e t e c t o r ,  t h e  sec:ond loop was u t i l i z e d  a s  a  check o u t  
d e t e c t o r .  Furthermore, t h e  s i g n a l  was reduced t o  only  two a s p e c t s ;  
green and red .  Thus, a f t e r  a  v e h i c l e  was d e t e c t e d  and had wai ted  
i t s  c a l c u l a t e d  t ime,  t h e  s i g n a l  tu rned  green.  A f t e r  t h i s  v e h i c l e  
c rossed  t h e  s t o p  l i n e  and t r a v e r s e d  t h e  d i s t a n c e  ( 6  f e e t )  between 
t h e  two loops ,  i t  was d e t e c t e d  by t h e  second loop.  This  immediately 
changed t h e  s i g n a l  t o  red, ,  s i n c e  it was then known t h a t  t h e  v e h i c l e  
had r e a c t e d  t o  t h e  green s i g n a l  and had proceeded t o  begin  i t s  
merging maneuver. The p h y s i c a l  spac ing  of t h e  components was suleh 
t h a t  t h e  nex t  v e h i c l e  coul-d n o t  reach t h e  s t o p  l i n e  wi thou t  having 
a r ed  d i s p l a y .  (Note t h a t  t h e  signal.  would remain green u n t i l  t h e  
d r i v e r  saw it, r e a c t e d  t o  i t ,  and a c c e l e r a t e d  h i s  c a r  down t o  thie 
second l o o p . )  This  f l e x i b l e  arrangement i s  d e s i r a b l e  when t h e  
range of pe rcep t ion- reac t ion  t imes i s  cons ide red .  Also, t h e r e  was 
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no amber d i s p l a y  a v a i l a b l e  t o  t h e  d r i v e r  t o  pass  through.  Along 
wi th  t h e s e  changes, t h e  message on t h e  r e g u l a t o r y  s i g n  had been 
s t rengt l iened t o  be "ON GREEN ONE CAR 0TJI;Y" (F igure  12)  . Channel- 
. i z a t i o n  markings and rurnble s t r i p s  were added dur ing  t h i s  modifi-  
cat iori  t o  encourage v e h i c l e s  t o  c e n t e r  themselves on t h e  ramps antl 
t o  t h e r e f o r e  pass  d i r e c t l y  over  t h e  loops .  Although t h i s  had r a r e l y  
been a  problem i n  t h e  p a s t ,  i t  was f e l t  t h a t  t h i s  encouraged b e t t e r  
obedience t o  t h e  system a s  w e l l  a s  g i v i n g  i t  t h e  appearance of  be ing 
II~OY-t? reFi i ikJd bnL: i ; ; C T i ' a i ~ C i ~ t ,  Ki th  t h e  presencc  of rumble s t r i p s  on 
t h e  t r a v e l e d  way, and remembering t h a t  v e h i c l e s  used t h e  on-ramps 
a t  n i g h t  when t h e  system was n o t  o p e r a t i o n a l ,  a  warning s i g n  was 
e r e c t e d  a t  t h e  head of t h e  ramps. The message was "FORIVI ONE LANE" 
wi th  110 arrow which denoted t h a t  t h e  c e n t e r  of t h e  pavement shoulcl 
be u t i l i z e d .  

I n  a d d i t i o ~ l  t o  i t s  p rev ious ly  d e s c r i b e d  f u n c t i o n ,  t h e  seconcl 
loop was a l s o  used a s  t h e  count  d e t e c t o r  t o  r ecord  t h e  volume of 
t r a f f i c  u t i l i z i n g  t h a t , p a r t i c u l a r  ramp. The s t o p  l i n e  was p laced 
w i t h i n  t h e  f i r s t  loop s o  t h a t  any overhang from a  v e h i c l e  t h a t  
happened' t o  be stopped beyond t h e  l i n e  would no t  be  d e t e c t e d  by 
t h i s  downstream loop.  By p r o t e c t i n g  a g a i n s t  t h i s  occurrence ,  
another  probl cm became apparent .  W i t h  t h e  reduced presence  detec--  
t i o n  zone upstream of t h e  s t 6 p  l i n e ,  some v e h i c l e s  were no t  be ing 
d e t e c t e d  a t  a l l .  Resu l t s  of a  f i e l d  s tudy showed t h a t  about  9 5  . 
p e r c e n t  of  t h e  v e h i c l e s  stopped between -3 f e e t  and -1-12 f e e t  of  
t h e  s i g n a l .  Thus, f i v e  p e r c e n t  of t h e  v e h i c l e s  were n o t  being 
d e t e c t e d .  

S ince  d e t e c t i o n  of a  v e h i c l e ' s  presence  i s  a b s o l u t e l y  neces-  
s a r y  t o  s t a r t  t h e  system o p e r a t i n g ,  t h i s  f law had t o  be c o r r e c t e d ,  
Thus another  modi f i ca t ion  was made which r e s u l t e d  i n  t h e  t h i r d  
c o n f i g u r a t i o n .  The same s tudy had shown t h a t  9 9  pe rcen t  of t h e  
v e h i c l e s  s topped between - 3  f e e t  and +18 f e e t  of t h e  s i g n a l .  
Therefore ,  i t  was decided t o  add an a d d i t i o n a l  loop having t h e  
dimensions of s i x  f e e t  by s i x  f e e t  (see F igure  1 3 ) .  This  arrange-. 
ment then d e t e c t e d  a l l  b u t  one p e r c e n t  of  t h e  v e h i c l e s .  One l a s t  
change was made, which r e s u l t e d  i n - t h e  f o u r t h  and f i n a l  configura!,ion, 
i n  an a t t empt  t o  overcome even t h i s  d e f i c i e n c y .  

The e x i s t i n g  queue d e t e c t o r  was g iven  a  second assignment.  
When t h e  system computer d iscovered a  ramp whose s i g n a l  had n o t  had 
a  green d i s p l a y  once dur ing  a  one-minute p e r i o d ,  and t h i s  was corn- 
bined wi th  a  v a l u e  f o r  occupancy of  f i v e  p e r c e n t  o r  g r e a t e r  a t  t h e  
queue d e t e c t o r ,  t h e  signal.  was immediately changed t o  green.  Thus', 
t h e  queue d e t e c t o r  a c t e d  a s  a  presence  d e t e c t o r  o f  s o r t s .  Its 
primary f u n c t i o n  i s ,  of  course ,  t o  measure t h e  presence  o f  a  queue; 
i n  t h e s e  c a s e s ,  however, a  much h igher  t h r e s h o l d  for  occupancy i s  
r e q u i r e d .  

The resea rch  approach f o r  t h i s  t a s k  t h e r e f o r e  proceeded 
through f o u r  s t e p s ,  wi th  each modi f i ca t ion  a t t empt ing  t o  overcome 
minor d e f i c i e n c i e s  i n  i t s  p redecessor .  
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REVISION OF' METERING STRATEGY TO' TRY TO PREVENT T'IIE 
BUILDUP OF CONGESTION AT BOTTLENECKS . 

T h i s  t a s k  i s  r e a l l y  a  s t u d y  of t h e  t r a f f i c  p a s s i n g  t h e  Oakman 
, . d e t e c t o r  s t a t i o n  i n  t h e  s h o u l d e r  l a n e  and t h e  o t h e r  t h r e e  l a n e s  con- 

s i d e r e d  t o g e t h e r  ( F i g u r e  1 4 ) .  The t r a f f i c  i n  t.he s h o u l d e r  l a n e  con- 
s ists  of 

1. Davison t x a f f i c  n o t  l e a v i n g  a t  Linwood which 
h a s  n o t  y e t ,  merged, 

2 .  t r z f f  ic 2 . e ~ ~ ~ i . c ~  a t  Itinwood which has  a l ready 
p repa red  i . t s e i f  f o r  e x i - t ,  and 

3 .  th rough t r a f f i c  a t t e m p t i n g  t o  g a i n  time by . 
l e a v i n g  one of  t h e  th rough l a n e s  t o  l a t e r  
c u t  back t o  a th rough l a n e .  

' The t r a f f i c  i n  t h e  o t h e r  t h r e e  l a n e s  i s ,  o f  c o u r s e ,  conplementary 
t o  t h e  s h o u l d e r  l a n e  and c o n t a i n s  t h e  Davison t r a f f i c  which h a s  - 
merged, Linwood e x i t  t r a f f i c  n o t  y e t  i n  t h e  s h o u l d e r  l ane '  and through 
t r a f f i c .  

A l i c e n s e  p l a t e  s t u d y  c a r r i e d  o u t  d u r i n g  a  t y p i c a l  peak pe r iod  
can  be  expec t ed  t o  ae t e rmine  t h e  t y p e s  of  t r a f f i c  i.n t h e  shoullder 
l a n e .  Recording s ta t j -or is  would be  e s t a b l i s h e d '  on t h e  Davison e n t r y  
ramp, on t h e  Linwood e x i t  ramp and a t  t h e  Oakrnan s t a t i o n .  Reclording 
l i c e n s e  p l a t e s  i n  freeway'  t r a f f i c  i s  u s u a l l y  a  d i f f i c u l t  t a s k  :because 
o f  t h e  Sp'eed of  t h e  veh i . c l e s .  F o r t u n a t e l y ,  ' j u s t  n o r t h  o f  t h e  Oakman 
b r i d g e ,  t h e r e  i s  a  small., low p l a t f o r m  n e x t  t o  t h e  Freeway s h o u l d e r  
f o r  a c c e s s  t o  an overhead r a i l w a y  b r i d g e .  Th i s  i s  a  p e r f e c t  viewing 
p o s i t i o n  f o r  v e h i c l e  l i c e n s e  p l a t e s  on t h e  Freeway. 

By matching p l a t e s  b e t m e n  p a i r s  of s t a t i o n s ,  i t  w i l l  b e  
r e l a t i v e l y  ea sy  t o  i n f e r  t h e  p r o p o r t i o n s  o f  t h rough ,  e n t e r i n g  and 
e x i t i n g  t r a f f i c .  A r e v i s e d  method of  m e t e r i n g  t o  h e  developed 
shou ld  t a k e  i n t o  accoun t  o n l y  t h e  amount of th rough t r a f f i c  i n  al.1 
f o u r  l a n e s .  

DIVERSION OF TRAFFIC FROM INTERSECTIONS 
W H I C H  MAY BE BLOCKED BY REiElP QUEUES 

There  a r e  two c a n d i d a t e  s i t e s  i n  t h e  C o r r i d o r  f o r  t h i s  s t u d y .  
One, a s  might  be  expec ted  from t h e  p rev ious  s e c t i o n ,  i s  t h e  ramp 
from Davison t o  t h e  Lodge Freeway. The ot.her i s  t h e  i n t e r s e c t i o n  
of West Grand Boulevard and t h e  E a s t  S e r v i c e  Dr ive  where t h e  e n t r y  
ramp queue o f t e n  i n t e r f e r e s  w i t h  t h e  f low o f  t r a f f i c .  S i n c e  t h e  
problems d i f f e r  c o n s i d e r a b l y ,  t hey  a r e  d i s c u s s e d  s e p a r a t e l y  i n  t h e  
remainder  o f  t h i s  r e p o r t .  

DIVERSION FROM DAVISON-LODGE INTERCHANGE 

The Davison *Expresstilay i s ,  i n  f a c t ,  a  l i m i  t ed -acces s  f a c f i l i  t y  , 
a l t h o u g h  w i t h  a poor  g e o m e t r i c a l  s t a n d a r d .  The Expressway ends  about  
100 y a r d s  w e s t  o f  t h e  Lodge Freeway. J u s t  ups t ream from t h e  Davison 
e x i t  ramp t o  t h e  Lodge Freeway North,  t h e r e  i s  a n  e n t r y  ramp t o  
Davison from Hamilton Avenue ( F i g u r e  1 5 ) .  Sometimes ramp queues 
from t h e  Davison-Lodge i n t e r c h a n g e  ex tend  back o n t o  Davison 
r e s u l t i n g  i n  hazardous  maneuvers i n  t h i s  a r e a .  

The f o u r  p o s s i b l e  s o u r c e s  o f  t r a f f i c  which might  d e s i r e  t o  
e n t e r  t h e  northbound Lodge from t h e  Davison Expressway a re :  

1. Westbound Davison S e r v i c e  Dr ive  from southbound 
Harnil t o n  



NOT TO 

SCALE 

FIGURE 1 4  
LODGE FREEWAY BETWEEN GLENDALE AND DEXTER 



FIGURE 15 
LOCAL O R I G I N S  FOR WESTBOUND DAVISON 

AND NORTHBOUND LODGE TRAFFIC 



2. Westbound Davison Serv ice   rive from 
northbound IIani 1 ton. 

3 .  Wes tbound Davison Serv ice  Drive c r o s s i n g  
Hamilton. 

4 .  Westbound Davison Expressway. 
Except f o r  t h e  f i r s t  source ,  t h e  o t h e r s  have t h e  b e n e f i t  of a  

changeable message s i g n  which d i r e c t s  t r a f f i c  along an a l t e r n a t e  
r o u t e  whenever t h e  in terchange i s  congested.  Thus, i f  t h e  t r a f f i c  
pattelrll distri.t.lu:.ior,i; arc ;;xo;J~~ f o r  different d i s p l a y s  on t h e  s i g n s ,  
t h e  a b i l i t y  of each i n d i v i d u a l  s i g n  t o  d i v e r t  t r a f f i c  can be i n f e r r e d .  
Whether any improvement i n  t h e  degree  of  d i v e r s i o n  from each could 
be  obta ined is  beyonc:! t h e  scope of  t h i s  . task .  However, i t  i s '  
reasonable  t o  expect  some cont inuing change a f t e r  a  s u c c e s s f u l  
per iod  of o p e r a t i o n  a f  t h e  r ea l - t ime  t r a f f i c  s i g n a l  c o n t r o l  scheme 
a l ready  desc r ibed .  

To determine t h e  c u r r e n t  t r a f f i c  p a t t e r n s ,  c a r s  can be  observed 
and counted coming from t h e  four  o r i g i n s  and going t o  t h e  two d e s t i -  
n a t i o n s ,  t h e  Lodge Frekway North o r  Davison Expressway. The 
accuracy' of t h e  s tudy w i l l  be  improved b y ' a l t e r n a t i n g  t h e  s i g n s  
between "red"  (conges ted)  and "green" (uncongestea)  for  equal  
sess ions  of 15 minutes o r  a s i m i l a r  convenient  per iod .  C r e d i b i l i t y ,  
p a r t i c u l a r l y  f o r  the  :)avisonO t r a f f i c ,  can a]-so be imprqved by us ing 
a slow metering r a t e  t o  c r e a t e  a  ramp queue dur ing red  pe r iods  arid 
a fas t .  r a t e  t o  d i s p e r s e  the  queue dur ing  green pe r iods .  O f  course ,  
t h e  queue must not  be  allowed t o  b u i l d  back beyond t h e  ramp ent rance .  
Manual c o n t r o l s  f o r  metering r a t e s  a r e  a v a i l a b l e  a t  t h e  Control. 
Center where t h e r e  i s  a l s o  a d i s p l a y  device  t o  check queue occupancy. 

DIVERSION FROM THE INTERSECTION OF WEST GRAND BOULEVARD AND WST 
SERV1:CE DRIVE 

Some of t h e  m o t o r i s t s  e n t e r i n g  t h e  Se rv ice  Drive and then Ehe 
ramp w i l l  Dass two v a r i a b l e  message s i g n s  r e f e r r i n g  t o  t h e  Freewa:y, 
one on ~tlestbound West Grand Boulevard between Cass and Second 
(Figure  16)  and 'the o t h e r  a t  t h e  ramp en t rance  (Figure  1 7 ) .  0the.r 
motor i s t s  w i l l  pass  only t h e  l a t t e r  s i g n .  The former s i g n  can and 
w i l l  adv i se  m o t o r i s t s  t o  use Second Avenue when t h e  Boulevard ram]? 
and t h e  Se rv ice  Drive a r e  congested. With high obedience t o  t h e  
s i g n  and a reasonable  p ropor t ion  of t r a f f i c  bound f o r  t h e  Freeway 
pass ing i t ,  one could expec t  a  cons ide rab le  r educ t ion  i n  conges t ion  
a t  t h e  Boulevard and Servic!e Drive i n t e r s e c t i o n .  I n  f a c t ,  con- 
g e s t i o n  i s  s t i l l  occurr ing .  

A l i c e n s e  p l a t e  s tudy can be c a r r i e d  o u t  by record ing  p l a t e s  
pass ing  t h e  s i g n  on t h e  Boulevard, t u r n i n g  i n t o  Second and e n t e r i n g  
t h e  Boulevard and Seward ramps. To s i m p l i f y  t h e  d r i v e r s '  cho ices ,  
t h e  Boulevard meter ing  r a t e  can be a d j u s t e d  manually t o  a l t e r n a t e l y  
c r e a t e  and d i s p e r s e  a queue whi le  t h e  Seward ramp s i g n a l  should b e  
turned o f f  t o  guarantee  t h e  absence of  a  queue t h e r e .  From t h e  
Boulevard s i g n ,  t h e r e  a r e  t h r e e  p o s s i b l e  recommended pa ths  t o  t h e  
Freeway : 

1. v i a  t h e  Boulevard t o  Boulevard ramp, 
2 .  v i a  t h e  Boulevard t o  Seward ramp, and 
3 .  v i a  Second and Seward t o  Seward ramp. 

These s i g n  s t a t e s  t o  i n d i c a t e  t h i s  can be r o t a t e d  according t o  a  
time schedule.  For a  study c a r r i e d  o u t  on one day on ly ,  it i s  very 
un l ike ly  t h a t  t h e r e  w i l l  be any permanent change i n  r o u t i n g  p a t t e r n s  
because of any unusual s i g n  o r  s i g n a l  s t a t e s .  The s tudy should l ead  
t o  recommendations a s  t o  how congest ion a t  t h e  i n t e r s e c t i o n  can be 
f u r t h e r  reduced. 



FIGURE 16 
VARIABLE MESSAGE SIGN 

AT WEST GRAND BOULEVARD AND SECOND AVENUE 
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FIGURE 17 

AREA BOUNDED BY WEST GRAND BLVD, 
LODGE FREEWAY, SEWARD, AND SECOND 

I )  m s T  0 
GRAND ROULEVARD 
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CHAPTER 3 ' 

FINDINGS ' 

REDUCTION OF SCfRFACE STREET TRAVEL TIblES BY MEANS OF 
REAL-,TIME TRAFFIC SIGNAL CONTROL 

The system became o p e r a t i o n a l  on November 19 ,  1970, With a 
d e c i s i o n  f o r  t h e  compl.etion of f i e l d  work by December 4 ,  t h e m  were 
i n  f a c t  only e i g h t  days of  o p e r a t i o n  i n  t h i s  pe r iod .  Excluding t h e  
Tiranksgivlr~cj break, t h e r e  a r e  only t e n  week days i n  t h i s  t ime and on 
two of  t h e s e  i t  was decided t h a t  maintenance should be c a r r i e d  o u t  
fo l lowing a  number o f  problems wi th  some of t h e  i n t e r s e c t i o n  
c o n t r o l l e r s .  

The a u x i l i a r y  typewr i t e r  a t  t h e  Contro l  Center  provided a  
p r i n t o u t  of  i n t e r s e c t i o n s  going o u t  and coming back i n t o  s e r v i c e .  
When n o t  uncler d i r e c t  c o n t r o l  from t h e  computer, t h e s e  in te r se !c t ions  
r e tu rned  t o  l o c a l  c o n t r o l .  During t h e  e i g h t  days of o p e r a t i o n ,  
problems a r o s e  a t  a s  many a s  1 2  i n t e r s e c t i o n s .  A t  only  one of  t h e s e  
was t h e  problem known t o  be due t o  a  p h y s i c a l  d e f e c t  of  t h e  f i e l d  
hardwzre. The usua l  problem was a  l o s s  of c o n t a c t  through t h e  
l eased  t e l ephone  wi res .  A t  n e a r l y  a l l  of t h e  o t h e r  i n t e r s e c t i o n s  
c o n t r o l  had t o  be droppeg f o r  an i n t e r v a l  of one minute b u t  ccluld 
then be r e t u r n e d  to computer c o n t r o l  i n  t h e  nex t  minute. For 
example, on one day one i n t e r s e c t i o n  was dropped f o r  27 s i n g l e  
minutes i n  a pe r iod  of j u s t  over t h r e e  hours .  Needless t o  s a y ,  t h e  
o p e r a t i o n  of t h e  27 i n t e r s e c t i o n s  can ha rd ly  be cons idered  s a t i s f a c -  
t o r y  wi th  t h e  occurrence  of an averaqe of more than seven i n t e r -  
s e c t i o n  f a i l u r e s  pe r  day. This problem i s  d i scussed  f u r t h e r  i n  t h e  
nex t  c h a p t e r .  

The e f f e c t i v e n e s s  of t h e  c o n t r o l  scheme was eva lua ted  by means 
of "be fo re"  and " a f t e r "  s t u d i e s  us ing a  moving c a r  o r  c a r s ,  a e r i a l  
photography and ground counts .  The four-hour peak per iod  was d iv ided  
f o r  t h e  purpose of comparison i n t o  f o u r  one-hour p e r i o d s .  Because 
of  impending da rkness ,  a e r i a l  photography was used f o r  on ly  t h e  
f i r s t  t h r e e  hours .  On t h e  o t h e r  hand, t h e  moving c a r  s t u d i e s  were 
c a r r i e d  o u t  over  t h e  e n t i r e  s tudy  p e r i o d . !  

The network s t u d i e d  (F igure  18) has  been d iv ided i n t o  85 
l i n k s  us ing  4 9  nodes, i n c l u d i n g  t h e  27 i n t e r s e c t i o n s  under computer 
c o n t r o l .  Each l i n k  was cons idered  a s  belonging t o  one of t h r e e  
types .  Each l i n k  was p laced i n  one of t h e s e  c a t e g o r i e s ,  even when 
computer c o n t r o l  had been l o s t  f o r  some reason.  

1, Favored l i n k s ,  F. Where t h e  s i g n a l  t iming p lans  
were developed t o  f avor  t r a v e l  on t h i s  l i n k .  

2. Af fec ted  l i n k s ,  A .  Where one o r  both nodes a t  t h e  
end have s i g n a l  t iming o f f s e t s  c o n t r o l l e d  by t h e  
computer and t h e  l i n k  i s  n o t  i n  t h e  ca tegory  F. 

3 .  ~ e u t r a l *  l i n k s ,  N. Where n e i t h e r  node has i t s  
s i g n a l  o f f s e t  c o n t r o l l e d  by t h e  computer. 

There were 2 4  l in l t s  i n  ca tegory  F, 31  i n  A and 30 i n  N .  I t  
should  be  noted again  t h a t  t h e  only  nodes wi th  s i g n a l  o f f s e t  changes 
by computer were 9  through 1 4 ,  16 through 25 and 27 through 31 s o  
t h a t  on ly  s p l i t  was ad jus ted  a t  nodes 3 through 8 .  



FIGURE 18 
NODE-LINK DIAGRAM FOR CORRIDOR ANALYSIS 



IIOVING VEIlICLE STLJDY 

A u n i v e r s i t y  v e h i c l e  was a v a i l a b l e  on s e v e r a l  days between 
,October  23rd and December 4 th .  Using two s t o p  watches ,  t h e  s topped 
tiine a t  each s i g n a l i z e d  i n t e r s e c t i o n  was w r i t t e n  d i r e c t l y  0 n t o . a  
prepared form, t o g e t h e r  wi th  t h e  journey t ime p a s t  c e r t a i n  impor tant  
in te r sec : t ions .  A sample form is  shown i n  Appendix F.  Altogetlher,  
29 "before"  and 2 2  " a f t e r "  runs  were made wi th  approximately .an 
equal  number f o r  &ach of t h e  four  journeys .  

'I'he ivlichigan !:)epartment of S t a t e  Highways (MDSI-I) made a v a i l -  
a b l e  f o r  one week,  commencing November 1 6 t h ,  a  v e h i c l e  equipped wi th  
a  speed-delay r e c o r d e r  and a  d r i v e r  and observer ;  The v e h i c l e  was 
d r i v e n  over t h e  same r o u t e s  a s  t h e  Unive r s i ty  v e h i c l e .  The obse rve r  
~narked t h e  recordi.n'y c h a r t  a s  t h e  v e h i c l e  passed each signa1iz:ed 
i n t e r s e c t i o n  o r  o t h e r  c:heck p o i n t .  On r e t u r n i n g  t o  t h e  o f f i c e ,  
Unive r s i ty  personnel  t r a n s f e r r e d  t h e  d a t a  on t h e  c h a r t  t o  a  form - 
s i m i l a r  t o  t h a t  used \ ,~.ith t h e  Unive r s i ty  v e h i c l e .  The p r i n c i p a l  
d i f f e r e n c e  was t h a t  t h e  journey t ime was a v a i l a b l e  a t  every  s i g n a l -  
i z e d  i n t e r s e c t i o n  r a t h e r  than a t  j u s t  a  s e l e c t i o n .  The MDSH t:eam 
made 19 "be fo re"  and 6 " a f t e r "  r u n s ,  aga in  f a i r l y  evenly  d i s t r i b u t e d  
over t h e  f o u r  journey types .  

The da , ta  on t h e  Esrp~s from a l l  journeys were t r a n s f e r r e d  t o  
punched ckrds .  A s imple program -was w r i t t e n  t o  ana lyze  t h e  r e s u l t s .  
The cumulat ive journey t ime was converted t o  a  t r a v e l  t ime bet.ween 
a  p a i r  of i n t e r s e c t i o n s  o r  l i n k .  The s topped t imes  were a l s o  
ob ta ined  i n  terms of l i n k s  wi th  t h e  stopped t ime i t s e l f  r e f e r r i n g  
t o  t h e  downstream i n t e r : s e c t i o n  o f  t h e  ].ink. 

I n  Table 3-1, t h e  number of s t o p s  of  t h e  f l o a t i n g  c a r  hais 
been ob ta ined  f o r  comparison with t h e  to ta l .  number of  p a s s e s  t.hrough 
t h e  i . n t e r sec t ions .  The approaches a r e  a l l  on l i n k s  which have been 
separa ted  i n t o  t h e  c a t e g o r i e s  F, A and N. Defec t ive  l i n k s  have been 
merged i n t o  t h e  o t h e r  c a t e g o r i e s .  Also i n  Table 3-1 a r e  t h e  n.umber 
of l i n k s  i n  each case  f o r  which t h e  average stopped t ime has  
i n c r e a s e d ,  decreased o r  remained unchanged and t h e  median changes.  

S i g n i f i c a n c e  test! ;  were c a r r i e d  o u t  on t h e  number of  s t o p s  
f o r  t h e  F and A l i n k s  and f o r  each hour .  The number of s t o p s  was 
compared wi th  t h e  number of t imes t h e  v e h i c l e  d i d  n o t  s t o p  ( i . e . ,  
Passes  - S t o p s ) .  Where t h e  n u l l  h y p o t h e s i s ,  t h a t  t h e r e  was no  
d i f f e r e n c e  between t h e  "before t1  and " a f t e r "  r e s u l t s ,  has been 
r e j e c t e d ,  t h e  s i g n i f i c a i l c e  l e v e l  i s  i n d i c a t e d .  Thus t h e r e  were 
s i g n i f i c a n t  dec reases  i n  t h e  percentage  of s t o p s  f o r  t h e  F l i n k s  
f o r  t h e  f i r s t  and f o u r t h  hours  and f o r  t h e  A l i n k s  f o r  t h e  t h i r d  
hour.  Despi te  t h e s e  r e s u l t s ,  o t h e r  t r e n d s  emerge. There a r e  
i n c r e a s e s  i n  t h e  second hour confirmed by t h e  number of  l i n k s  which 
experienced inc reased  stopped t imes ,  Otherwise,  a l l  F l i n k s  
e x h i b i t e d  a  r e d u c t i o n  i n  s topped t imes  and t h e  l i k e l i h o o d  of  
s topp ing .  With t h e  a d d i t i o n a l  excep t ion  of t h e  f o u r t h  hour ,  s o  d i d  
t h e  A l i n k s ,  a l though t o  a  l e s s e r  e x t e n t .  It i s  concluded t h a t  
computer c o n t r o l  reduced t h e  p r o b a b i l i t y  o f ,  s topp ing  f o r  a l l  Links 
wi th  t h e  F l i n k s  favored wi th  s i g n i f i c a n t  r e d u c t i o n s ,  58% t o  32% i n  
t h e  f i r s t  hour and 5 2 %  t o  31% i n  t h e  f o u r t h  hour.  

The r e s u l t s  from The Unive r s i ty  of Michigan l i n k  t r a v e l  t imes  
a r e  much l e s s  c l e a r  c u t  (Table 3 -2 ) .  The r i s e s  roughly ba lance  t h e  
f a l l s  and no s i g n i f i c a n t  r e d u c t i o n  i n  t r a v e l  tiine can be claimed.  
The second hour i s  again  unfavorable .  The reason f o r  t h i s  i s  no t  
obvious,  a l though ,  s i n c e  t h e  number. of r i s e s  i n  t r a v e l  t ime o r  
s t o p s  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  from t h e  number of  f a l l s ,  t h i s  
could be due t o  chance.  The d a t a  f o r  t h e  MDSH " a f t e r "  runs  r e f e r  
t o  on ly  one day which may no t  have been t y p i c a l .  



TABLE 3-1 . 
STOPPED TIMES FROM U OF M JOURNEYS 

BEFOKE: AND AFTER COMPUTER CONTROL OF SIGNALS . 

FIRST HOUR ' --- 
No. of Stops 1 Average Stopped Timesa 

"Before" 1 % -- 
l l u l  I I 

- - -  - -  

---- "After" 

Stops / Passes I 3 - 

- -- SECOND HOUR 

Rises I F a l l s  1 unchanged 

I ~ i n k  / No. of S tops  

"After  " 
Stops  Passes 

3 -- "I. k 

Average Stopped Timesa -- 

Rises I E'a1.k ,I unchlanged 

THIRD HOUR 

L k  I No. of Stops I Average Stopped ~imesam 
"After" 

/Type 1-T 
F 2 0 3 4 59 1 8  3 9 

A 2 0 2 8 71 1.4 4 5 
N 0 4 0 0 2 

To ta l  40  6 6 61 32 8 6 

; 1 Rises 1 Falls 1 unchanged I 

a ~ e d i a n  changes ( h u n d r e t h s  of a minute) i n  parentheses  
N no s i g n i f i c a n t  difference 
* s i g n i f i c a n t  at 5% l e v e l  

** s i g n i f i c a n t  a t  1% l e v e l  





Whether o r  no t  t h e  decreased s topped o r  journey t imes  rep re -  
s e n t  an o v e r a l l  improvement i n  s u r f a c e  s t r e e t  cond i t ions  depends 
on t h e  amount of t r a v e l  i n  v e h i c l e  mi les  on each l i n k .  This  can be 
es t ima ted  from t h e  ground counts  and combined w i t h  t h e  r e s u l t s  of  

. t h e  a e r i a l  photography. 

GROUND COUNTS 

Another type  of  s u m a r y  form was developed f o r  t h e  purpose o f  
recordinq t r a f f i c  cntints f o r  each t u r n i n q  movement a t  each s i g n a l i z e d  
i n t e r s e c t i o n .  Surr~etimes the volumes were t o o  heavy t o  count  tu rn -  
i n g  movements, b u t  t h e  t o t a l  approach volume was s t i l l  ob ta ined .  The 
counts  were again  corisidercd t o  r e p r e s e n t  t h e  volume on t h e  l i h k  
forming a n  approach t o  an i -n te r sec t ion .  

The volume approximated could be  from t h e  downstream o r  up- 
s t r eam end of t h e  l i n k .  A downstream count  came from t h e  t r a f f i c  
e n t e r i n g  t h e  i n t e r s e c t i o n  whereas an upstream count  was ob ta ined  
by summing t h e  two o r  ' t h ree  movements leaviriq an i n t e r s e c t i o n .  Pro- 
vided i n  t h e  l a t t e r  case  t h a t  t h e  movements were counted a t  t h e  
same t ime,  t h e r e  seemed t o  be  no reason  t o  expect  t h a t  t h e  two 
e s t i m a t e s  would d i f f e r  s i g n i f i c a n t l y .  Hence, both  upstream and 
downstream count  were cons idered  t o  be  independent  samples and were 
combined f o r  t h e  e s t i m a t e  of l i n k  volume. 

Where one o r  more samples were a v a i l a b l e  i n  an hour ,  t h e  hour ly  
volume was es t ima ted .  These hour ly  volumes were t o  be combined wi th  
t h e  d a t a  from p a r t i c u l a r  days of a e r i a l  photography and f l o a t i n g  
c a r  s t u d i e s .  The "be fo re"  days s e l e c t e d  were November 12 and 17 
and the " a f t e r "  days ,  Noventber 19 and 2 4 .  Therefore ,  i f  a  l i n k  was 
missed dur ing  a p a r t i c u l a r  hour of  one of  t h e s e  days ,  a va lue  based 
on an h i s t o r i c a l  volume t a b l e  (Appendix F )  was determined. I f  no 
samples a t  a l l  were ob ta ined  f o r  t h e  l i n k  a t  t h e  t ime r e q u i r e d ,  
t h e  h i s t o r i c a l  volume was used f o r  each hour.  On t h e  o t h e r  hand, 
i f  e s t ima ted  hour ly  volumes could b e  rnade f o r  any of t h e  o t h e r  
hours ,  then  t h e  h i s t o r i c a l  volume was a d j u s t e d  i n  t h e  r a t i o  

Sum of e s t ima ted  hour ly  volumes f o r  o t h e r  hours 
Sum of h i s t o r i c a l  volumes f o r  t h e s e  hours 

i n  o r d e r  t o  account  i n  some way f o r  d a i l y  demand d e v i a t i o n s  from 
h i s t o r i c a l  volumes. I n  t h i s  way, an e s t i m a t e  of hour ly  volumes 
was obta ined f o r  each l i n k ,  each hour ,  and each day. These va lues  
were converted t o  v e h i c l e  rniles by ~ n u l t i p l y i n g  t h e  l e n g t h  o f  t h e  
l i n k .  

AERIAL PHOTOGRAPHY 

A e r i a l  photography is a t echn ique  which should y i e l d  a con-, 
s i d e r a b l e  q u a n t i t y  OF d a t a  f o r  a  whole network i n  a  r e l a t i v e l y  
s h o r t  t ime. However, s u i t a b l e  weather  is  e s s e n t i a l  and, i n  f a c t ,  
on only f i v e  days were t h e  c o n d i t i o n s  s a t i s f a c t o r y .  F l i g h t s  were 
made on November 6 ,  1 2  and 17,  t h e  "be fo re"  p e r i o d ,  and on 
November 24 and December 2 ,  t h e  " a f t e r "  pe r iod .  

The a i r p l a n e  was flown a t  a  h e i g h t  of about  4,000 f e e t  over  
. t h e  two p a t h s ,  Number 1 and Number 2 ,  shown i n  F iqure  19. The 

photographer used a Hasselblad camera loaded wi th  f a s t  black-and-, 
whi te  f i lm.  Photographs were taken t o  p rov ide ,  i f  p o s s i b l e ,  a  
complete coverage of t h e  network, i n c l u d i n g  t h e  approaches t o  a l l .  
computer-control led i n t e r s e c t i o n s .  A l o g  was kept  of t h e  t ime (of 
day)  t h a t e a c h  photograph was taken.  Throughout t h e  f l i g h t  s e s s i o n  



FIGURE 19 
AERIAL PHOTOGRAPHY FLIGHT PATHS 



t h e  p i l o t  completed each pa th  a l t e r n a t e l y ,  comrnencincr w i t h  Number 1. 
Because of irnperlcling darkness ,  a l l  s e s s i o n s ,  which coimenced at: 
about  2:30 p.m., had t o  be terminated  a t  about 5:OO p.m. 

The f i l m s  were developed and t h e  nega t ives  examined under a 
' viewer providi  r ~ g  a rnagni f i c a t i o n  of  about  18 t imes .  Forms had been 

prepared  t o  e n t e r  t h e  number o f  vehic les  on each l i n k  o f  t h e  ne t -  
work a:zd each remaining aploroach t o  t h e  computer-control led i n t e r -  
s e c t i o ~ z s .  The l i n k s  and approaches were named i n  approximately t h e  + 
arcler t h a t  success ive  photc3yraphs would cover .  The t ime of  day was 
a l s o  cnc.:re6 Zrc:ri x'ic i 1 ~ : j I i t  ~ c ) ( J .  

'She speed and maneuvers o f  t h e  p lane  and t h e  photographic  
requirements l e d  t o  about  t h r e e  passes  over  any l i n k  pe r  hour.  
Sometimes p a r t  of a Link was  obscured by t a l l  buiLditlgs. On t h e  
o t h e r  hand,  wel l -separa ted  and t h e r e f o r e  independent  photographs of 
t h e  sarrle l i n k  werc scmetimen a v a i l a b l e  from t h e  same f l i g h t  l i n e .  
A typic:al phot-c~grc?ph has been rcproduced i n  Figure  2 0 .  The t o t a l  
t r a v e l  time on any l i n k ,  1, f o r  each one-hour p e r i o d  (commencing 
on t h e  hal f -hour)  i s  given by 

TTTl = - ' L Ni ( v e h i c l e  hours )  : 
1 

where . N, i s  t h e  nusher df non-parked v e h i c l e s  counted 
A 

from t l ~ e  ith photograph f o r  t h e  hour.  
- N~ i s  t h e  n u h e r  of  photographs of t h e  l i n k  read  

f o r  t h e  hour. 
T o t a l  t r a v e l  t ime o r  t o t a l  de lay  f o r  c r o s s  s t r e e t  t r a f f i c  i s  

a l s o  r e l e v a n t  on 
t h e  ef f e c t i v e n e s  
t h e  photographs , 
t h e  approaches h 
t h e  approach,  a ,  

t h e  
s of 

t h e  
.as a1 

f o r  

approaches ( o t h e r  than  l i n k s )  i n  a s s e s s i n g  
t h e  cornputer cont ro l ,  of i n t e r s e c t i o n s .  From. 
numhe.r of s topped,  b u t  non-parked v e h i c l e s  on 
. so  been ob ta ined .  The t o t a l  t r a v e l  t ime f o r  
each one-hour pe r iod  i s  g iven by 

X Pi ( v e h i c l e  hours )  TTT, = - 
Na 

where Qi i s  t h e  number o f  v e h i c l e s  queued on t h e  

approach counted from t h e  ith photograph f o r  
t h e  hour 

Na is t h e  number of  photographs of  t h e  approach 

read  f o r  t h e  hour. 
On t h e  f i r s t  f l i g h t  (November 6), t h e  p i l o t  acquainted  him- 

s e l f  wi th  t h e  f l i g h t  pa ths  and some t r i a l  photographs were t a k e n ,  
There were complete photographic s e s s i o n s  on t h e  o t h e r  f o u r  days ,  
thereby providing two s e t s  of d a t a  i n  t h e  "before"  pe r iod  and t w o  
i n  t h e  " a f t e r "  p e r i o d ,  

The r e s u l t s  a r e  summarized i n  Table 3-3  where t h e  t o t a l  
t r a v e l  t imes  have been s m e d  over  t h e  l i n k s  and approaches.  The 
number of l i n k s  and approaches about  which d a t a  a r e  a v a i l a b l e  on 
each day i s  given f o r  each of t h e  t h r e e  hours .  
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TABLE 3-3 - 
TOTAL LINK TRAVEL TIME: Am) APPROACH DELAY* 

SECOND, HOUR FIRST' H O U R  , - - -  THIRD HOUR 
Li.nks Approaches Links Approaches Links Approaches 

DATE ' 4 7 11 4 5 17 7 0 18 - -- 7- 

~ ' ~ e f o r e "  
S tud ies :  

NOV. 1 2  430 - 4 4 6 6 0 60 . 
Nov. 1 7  29 9 2 6 323 13  -- 

"Af t e r "  
Studies :  

Nov. 24  3 7 4 27 4 2 5 3 7 7 7 8  11.5 

-- 
*Data ob ta ined  from a e r i a l  phot.ographic s t u d i e s .  

The t a b l e  shows cons ide rab le  v a r i a t i o n  between t h e  days.  
There i s  on t h e  average a dec rease  i n  t h e  l i n k  t r a v e l  t imes  f o r  t h e  
second and t h i r d  hours and an i n c r e a s e  f o r  t h e  f i r s t  hour.  Despi te  
an i n c r e a s e  i n  t h e  approach d e l a y s ,  t l iese a r e  of s m a l l e r  magnitude 
s o  t h a t  i n  t h e  second hour there i s  s t i l l .  an o v e r a l l  dec rease .  

I t  would be premature,  however, t o  draw conclus ions  of t h e  
e f f e c t i v e n e s s  of computer-control led s i g n a l s  wi thou t  checking t h e  
amount of t r a v e l  on each day. Changes i n  t o t a l  t r a v e l  from day t o  
day may w e l l  have caused t h e  v a r i a t i o n  i n  t o t a l  t r a v e l  t ime and 
de lay .  Although t h e  aim of t h e  c o n t r o l  i s  t o  produce an o v e r a l l  
r e d u c t i o n  i n  t o t a l  t r a v e l  t ime f o r  a g iven amount of t r a v e l ,  it i.s 
more i n t e r e s t i n g  t o  examine each l i n k  and each hour of  t h e  day 
s e p a r a t e l y  t o  f i n d  where t h e r e  have been p a r t i c u l a r  i n c r e a s e s  o r  
dec reases .  The f l o a t i n g  c a r  s t u d i e s  can be combined wi th  t h e  
a e r i a l  photography r e s u l t s  s i n c e  t h e  product  of t o t a l  t r a v e l  and 
average  t r a v e l  time i s  a l s o  t o t a l  t r a v e l  t ime.  

EFFECTIVENESS OF THE* SIGNAL CONTROL SCHEME 

The days on which t o t a l  t r a v e l  e s t i m a t e s  were a v a i l a b l e  wexe 
November 1 2 ,  17 ,  19 ,  24 and December 2 ,  wi th  t h e  l a s t  t h r e e  days 
r e p r e s e n t i n g  t h e  " a f t e r "  c o n d i t i o n s .  Aerial.  photography r e s u l t s  
were a v a i l a b l e  on a l l  days excep t  November 1 9 ,  wh i l e  f l o a t i n g  car 
r e s u l t s  were a v a i l a b l e  on November 17 and 1 9 .  Thus, up t o  s i x  
t o t a l  t r a v e l  and t o t a l  t r a v e l  time e s t i m a t e s  a r e  a v a i l a b l e  f o r  each 
peak-period hour.  Usual ly ,  however, t h e s e  were on ly  t h r e e  o r  f o u r  
e s t i m a t e s  because of p a r t i a l  coverage,  and f o r  t h e  f o u r t h ' h o u r  
(1730-1829) t h e r e  is no u s a b l e  d a t a  a t  a l l .  Hence, t h e  e f f e c t i v e -  
ness  of c o n t r o l  w i l l  be based on t h e  f i r s t  t h r e e  hours.  

SPEED CHANGES BY I N D I V I D U A L  LINK 

T o t a l  t r a v e l  and t o t a l  t r a v e l  t ime va lues  were ob ta ined  
"be fo re"  and " a f t e r "  f o r  each l i n k  i n  each hour. The r a t i o  of t h e  
two q u a n t i t i e s  i s  average speed.  Table 3-4 shows t h e  r e s u l t  of com- 
pa r ing  corresponding average speeds .  The i n c r e a s e s  o r  dec reases  a r e  
d i f f e r e n c e s  ob ta ined  by s u b t r a c t i n g  t h e  "be fo re"  speed from t h e  
. " a f t e r u  speed.  The rnedian speed i n c r e a s e  o r  d e c r e a s e  i s  a l s o  g iven.  



a, 
tn 
m 

P: a, 
3 k  
0 U z a, 

l2 
h 
m 
rr; all 

hi 

O x  
Fl Z 
can 
> 4 
E-c 

P 0 ,=3 . I 

m N  '4'0 6) 
4 r-i CV V) 

a 3 
W 0 
M tr: 

a, 
tn 
C 
a 
c 
U 

C4 

d 3: 
a PC 
-4 g 
'a- 
2 

a, 
U) 
m 

K k  
U 
a, 
n 

E 
U r: 
I 

a, 
r: 
0 

tn 
7 

r-i 
PI * 

PI 

V) $.j 
M I4 

.$: z 
M 
I4 

a, 
~JY 
a 

b @ W  

2 

dl (V F . . I 

0 0  I.-0 N 
4 r - i l - i  rl 



I n  each  c a s e ,  t h e  g r e a t e r  median change accompanied t h e  
g r e a t e r  number of  speed  changes .  The t a b l e  shows t h a t  t h e  i n t r o -  
d u c t i o n  of  computer c o n t r o l  l e d  t o  more i n c r e a s e s  i n  ave rage  speed 
f o r  t h e . f a v o r e d  and a f f e c t e d  l i n k s  t han  d e c r e a s e s .  U n f o r t u n a t e l y ,  
there  were more d e c r e a s e s  t 'han i n c r e a s e s  f o r  t h e  n e u t r a l  l i n k s .  I t  
shou ld  be no ted  t h a t  t h e r e  a r e  a lways t h r e e  l i n k s  i n  t h e  Category F 
which a r e  n o t  f avo red  a t  a p a r t i c u l a r  time, depending 'on  t h e  i n f o r -  . 
mation s i g n  s t a t e s  (Tab le  2 - 1 ) .  Moreover, whenever t h e  s i g n s  changed 
s t a t e ,  the ef fse tb i  a i s o  changed w i t h  the s i g n a l  dwe l l i ng  a t  t h e  
s t a r t  of main s t r e e t  g r een .  S iqn  s t a t e  changes occu r r ed  more o f t e n  
i n  t h e  f i r s t  hour s e s s i o n .  These cou ld  e x p l a i n  some of t h e  deorea.ses  
i n  speed which occu r r ed  on t h e  F l i n k s ,  p a r t i c u l a r l y  i n  t h e  f i r s t  
hour .  The d e c r e a s e s  on . the lu' l i n k s  may be due t o  t h e  number a f  
t h e s e  l i n k s  which were n o t  under  computer c o n t r o l  f o r  some r ea son .  

CHANGES IN DELAY TO CROSS STREET TWiFFIC . 

There  a r e  3 2  approaches  n o t  on l i n k s  t o  t h e  computer -cont ro l led  
s i g n a l s . '  Volume d a t a  was a v a i l a b l e  f o r  30 of  t h e s e  and ,  of t h e  30,  
a e r i a l  photography d a t a  had been t a b u l a t e d  f o r  2 l . a p p r o a c h e s  ( n o t  
more t han  one approach p e r  i n t e r s e c t i o n ) .  The f l o a t i n g  c a r  t r i p s  
d i d  n o t  p a s s  th rough any of  t h e  i n t e r s e c t i o n s  on t h e s e  app roaches ,  

From t h e  a e r i a l  photography,  t o t a l  d e l a y  had been counted f p r  
each  approach f o r  each  hour and each  day of  f l y i n q .  Corresponding 
approach vol~ lmes  f o r  each  hour  and each  day were a v a i l a b l e  f ram t h e  
ground coun t s  and h i s t o r i c a l  r e c o r d s .  To a s s e s s  t h e  "be fo re"  and 
" a f t e r "  d i f f e r e n c e s ,  cor responding  " b e f o r e "  and " a f t e r "  d e l a y s  and 
volumes were added and t h e  q u o t i e n t  of d e l a y  t o  volume o b t a i n e d  
bo th  " b e f o r e "  and " a f t e r . "  The q u o t i e n t s  a r e ,  of  c o u r s e ,  ave rage  
d e l a y s  f o r  t h e  approaches  and t h e  r e s u l t s  a r e  summalrized i n  Table  
3-5. The number o f  approaches w i t h  i nc reas i f i g  o r  d e c r e a s i n g  d e l a y  
a r e  g iven  t o g e t h e r  w i t h  t h e  median i n c r e a s e  o r  d e c r e a s e .  

For  each  o f  t h e  t h r e e  h o u r s ,  e i t h e r  t h e  m a j o r i t y  o f  approaches 
had a n  i n c r e a s i n g  d e l a y  o r  t h e  median i n c r e a s e  exceeded t h e  median 
d e c r e a s e .  S i n c e  t h e  s i g n a l  t im ings  were des igned  t o  r educe  t r a v e l  
time on t h e  major r o u t e s ,  some i n d r e a s e s  i n  d e l a y  on t h e s e  minor - 
r o u t e s  a c e  n o t  s u r p r i s i n g .  L ike  t h e  s t u d y  of  l i n k  t r a v e l  time, 
t h i s  a n a l y s i s  o f  t h e  approach d e l a y  does  n o t  c o n s i d e r  t h e  t r a f f i c  
volumes and t h e  o v e r a l l  v e h i c l e  hours  of  d e l a y .  The l a s t  q u a n t i t y  
i s  p robab ly  a more r e a l i s t i c  measure o f  e f f e c t i v e n e s s  and i s  
e v a l u a t e d  f o r  bo th  l i n k s  and approaches  i n  t h e  n e x t  s e c t i o n s ,  

TABLE 3-5 
COfllPARPSON OF "BEFORE ' A N D  D'AFTER" AVERRGE APPROACH DELAYS 

(Median Delay Changes i n  Seconds)  

FIRST HOUR SECOND HOUR THIRD HOUR 
I n c r e a s e  Decrease I n c r e a s e  Decrease f n c r e a s e  Decrease -- -- 

Number 1 3  8 11 1 0  9 ll'k 

Median 9 . 0  27.6 16 .3  5 .5  37.1 11.2 
- - 
*Plus  one unchanged speed .  



CHANGES I N  NETW0F.K TOTAL TRAVEL NJD TOTAL TRAVEL TIME 

Table  3-4 showed t h a t ,  i n  any hour ,  t h e r e  was a  reasonably  
c l o s e  d i v i s i o n  between t.he l i n k s  wi th  i n c r e a s i n q  average speeds and 
those  w i t h  dec reas ing  speeds .  The q u e s t i o n  now a r i s e s  a s  t o  whether 
t h e r e  was an o v e r a l l  i n c r e a s e  o r  dec rease  i n  t o t a l  t r a v c l  t ime f o r  a  
g iven amount of  t r a v e l ,  

The e s t i m a t e s  of  t o t a l  t r a v e l  f o r  each hour and each dasy were 
sununed over  a l l  l i n k s .  Correspondiny va lues  of  t o t a l  t r a v e l  time 
were ~ . i n i i I . ~ ~ x - l ~ ~  : ; u A L ~ ~ .  I f ,  i n  any hour ,  a va lue  of t o t a l  t r a v e l  
t i m e  had no t  been ob ta ined  f o r  a  l i n k  on any day,  t h i s  l i n k  was n o t  
counted f o r  t h e  o t h e r  days d u r i n g  the ' same hour.  A f u r t h e r  somma- 
t i o n  was cilrr1~13 b u t  nex t  wi th  t h e  t r a v e l  arid t r a v e l  t imes  being 
combined f ox  a l l  l i n k s  of t h e  same type .  The r e s u l t s  a r e  given i n  
l'abl e  3-6. 

The t ab le  shows c o n s i d e r a b l e  d i f f e r e n c e s  between t h e  l i n k s  
and hours .  I n  t h e  f i r s t  hour average speed on t h e  " a f t e r "  days 
decreased fo r  two of t h - e  t h r e e  types  of l i n k s ,  w i t h  an i n c r e a s e ,  
s u r p r i  si.ncyly, on t h e  a f f e c t e d  l i n k s .  There were inc reased  sp~eeds 
6n both  t h e  t" and A l i r ~ k s  i n  t h e  t h i r d  hour.  Only i n  t h e  second 
hour was t h e  r c s u l * t  n e a r  e x p e c t a t i o n s  wi th  inkreased  speeds on t h e  
F and N l i n k s  and a dec rease  on t h e  A l i n k s .  The most l i k e l y  exp1.a- 
nation. i s  t h e  variat iol-r~ from day t o  day,  wi th  t h e  "before'Qaka 
r e p r e s e n t e d  on on ly  day f o r  bo th  t h e  f i r s t  and t h i r d  hours .  

CHANGES I N  TOTAL DELAY TO CROSS STREET TRAFFIC 

I n  a  s i m i l a r  way t o  t h e  l i n k s ,  t h e  approaches f o r  which d a t a  
were a v a i l a b l e  were combined f o r  each hour.  The corresponding 
approach t o t a l  d e l a y s  and es t ima ted  approach volumes were added. 
Table 3-7 shows t h e  approacli d e l a y s  and volumes f o r  each day .  

According t o  t h e  t a b l e ,  t h e  expected i n c r e a s e s  i n  average 
d e l a y  on t h e s e  ' i s o l a t e d '  approaches have occurred  f o r  a l l  t h s e e  
hours .  The de lays  measured on Novemher 17 a r e  remarkably low j u s t  
as t h e  t o t a l  t r a v e l  times were. 

LINK SPEEDS 

I n  Table 3-6, conpar isons  of average speed were made b u t  on ly  
w i t h i n  any p a r t i c u l a r  hour .  There i s ,  however, a  connect ion  between 
t h e  hours .  P r i o r  t o  t h e  i n t r o d u c t i o n  o f  computer c o n t r o l ,  t h e  
i n t e r s e c t i o n s  were a l l  ope ra ted  by a  s i n g l e  t iminq p l a n  throuqhout  
t h e  hours  of  t h i s  s tudy.  If it i s  assumed t h a t  t h e r e  i s  a  r e l a t i o n -  
s h i p  between t o t a l  t r a v e l  on a l i n k  and t o t a l  t r a v e l  t ime o r  average 
speed,  then  t h e  va lues  o f  t h e s e  v a r i a b l e s  f o r  a l l  "be fo re"  s tudy 
hours should agree  wi th  t h e  r e l a t i o n s h i p .  The v a l u e s  were t o o  
e r r a t i c  f o r  an i n d i v i d u a l  l i n k  s o  l i n k s  of t h e  same type  have been 
combined. Missirfg va lues  f o r  any l i n k  f o r  any hour l e d  t o  t h e  
exc lus ion  o f  t h a t  l i n k .  

Table 3-8 shows v a l u e s  of t o t a l  t r a v e l  t ime ,  t o t a l  t ravel .  
and hence average  speed.  There were now only  1 4  F l i n k s  wi th  c:om- 
p l e t e  r e s u l t s ,  1 5  A l i n k s ,  and 10 N l i n k s ,  a  t o t a l  of 39 l i n k s .  
Table 3-6 f o r  each hour d i f f e r s  on ly  i n  t h e  r e s p e c t  t h a t  t h e r t  = were 
up t o  70 l i n k s ,  b u t  some d a t a  was miss ing  f o r  31 of t h e  l i n k s ,  

There was a cons ide rab le  s c a t t e r  o f  t h e  f o u r  "be fo re"  and 
s i x  " a f t e r "  va lues  f o r  each type  of l i n k ,  j u s t  a s  i n  Table 3-6.  
l lost  of t h e  l i n k s  removed froill t h e  c a l c u i a t i o n s  were those  w i t h  
f a s t e r  speeds  and t h e s e  account  f o r  a lmost  h a l f  t h e  t r a v e l .  On t h e  
b a s i s  of a  comparison of t h e  remaining l i n k s ,  i n c r e a s e s  i n  aVr2raqe 
speeds were ob ta ined  f o r  0nl.y t h e  F l i n k s  i n  t h e  second hour arld 
f o r  on ly  t h e  A l i n k s  i n  t h e  f i r s t  and t h i r d  hours.  
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SUMMARY OF APPROACH TOTAL DELAY AND VOLUME 

Ff S T  IIQtJR SECOND UQUR THIRD HOUR 

Average Average Average 
Delay Volume D e l a y  D e l a y  Volume Delay D e l a y  V o l u m e  Delay 

DATE (Veh. Hr. ) (Veh.) (Seq.) (Veh. Hr.) (Veh.) (Sec.) (Veh .  Wr .) (Veh . )  (Sec .  f 

Nov. 17 26 5393 1 7 . 3  1 3  7089 6 . 7  

TJov. 24 27 6 6 6 3  14.5 37 9114 14.4 1 1 5  6900 41.5 

Dec. 2 34 5350 2 3 . 1  30 8020 1 3 . 5  40 8560 16.7 
0 .  
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INTERSECTIONS NOT UNDER COMPUTER CONTROL 

S e v e r a l  i n t e r s e c t i o n s  were n o t  under  con t inuous  computer con- 
t r o l  on t h e  " a f t e r "  days ,  November 1 9  and '24  and December 2 .  On t h e  
f i r s t  " a f t e r "  day ,  i n t e r s e c t i o n s  4 ,  6 ,  8 ,  10 ,  13 ,  1 6 ,  20 and 31 were 
n o t  under computer c o n t r o l .  The l i s t  on PJovember 24 comprised 
i n t e r s e c t i o n s  8 ,  1 0 ,  1 6  and 20, wh i l e  on t h e  l a s t  day 3 ,  4 ,  6 ,  8 ,  
10 and 13  were n o t  f u n c t i o n i n g  c o r r e c t l y .  ' 

The ' l i k e l y  e f f e c t  of  an i n t e r s e c t i o n  n o t  under computer c o n t r o l  
i s  t h a t  de lays  ma:; iilcrei3s~ on l i n k s  conta . in ing  t h e  i n t e r s e c t i o n  
where p r o g r e s s i o n  has been in t ended  and may d e c r e a s e  ( o r  i n c r e a s e )  
on l i n k s  n o t  i n  progressicrn.  On t h e -  n e u t r a l  l i n k s ,  t h e  d e s i r e d  s p l i t  
o f  green  time w i l l  n o t  be ohtai.ned and ,  a s  a  r e s u l t ,  de l ay  could  be 
i n c r e a s e d .  The types  of l i n k s  were s e p a r a t e d  i n t o  two c l a s s e s  on 
each " a f t e r "  day--those c o n t a i n i n g  i n t e r s e c t i o n s  under  and n o t  under 
computer control . ,  known a s  non-de fec t ive  and d e f e c t i v e  l i n k s .  
Although t h e  oh; jec t  i.s ,to coniparc speeds  on t h e  clefecti.ve and non- 
d e f e c t i v e  l i n k s ,  speed i s  n o t  an a b s o l u t e  q u a n t i t y  b u t  a r a t i o .  
Hence, t h e  number of  v e h i c l e s  counted t h e  a e r i a l  photographs was 
chosen a s  a s u i t a b l e  q u a n t i t y  f o r  comparison. The t e s t  could  on ly  
b e  a p p l i e d ,  of cou r se ,  on November 24 and December 2. 

Table 3-11 shows t h e  number of  v e h i c l e s  counted from a e r i a l  
photographs on  t h e  two t y p e s , o f  l i n k s ,  f avo red  and a f f e c t e d ,  
s e p a r a t e d  irik'o c ie fec t ive  and non-defec t ive  g roups ,  There were 
i n s u f f i c i e n t  d a t a  f o r  a  comparison of t h e  n e u t r a l  l i n k s .  

Contingency t a b l e s  were formed f o r  each hour  t o  compare 
"be fo re"  and " a f t e r "  coun t s  f o r  d e f e c t i v e  and non-defec t ive  l i n k s .  
Based on a  Chi--square t e s t  (1 degree  of  freedom) a t  t h e  0.05 l e v e l ,  
t h e r e  was a  s i g n i f i c a n t  d i f f e r e n c e  (actual1.y a t  t h e  0 .01  l e v e l )  only 
f o r  t h e  second hour on t h e  favored  l i n k s .  The remaining t h r e e  t e s t s  
o n  t h e  F l i n k s  and a11 f o u r  t e s t s  on t h e  A l i n k s  showed no s i g n i f i -  
c a n t  d i f f e r e n c e  between t h e  d e f e c t i v e  and non-de fec t ive  l i n k s .  

I n  t h e  one s i g n i f i c a n t  r e s u l t ,  t h e  " a f t e r "  speed on t h e  
d e f e c t i v e  l i n k s  was 23.5 mph compared w i t h .  27 .3  niph on t h e  "be fo re"  
days i n  t h e  second hour ,  a  d e c r e a s e  o f  3 .8  mph, On t h e  o t h e r  hand, 
t h e  " a f t e r "  speed  on t h e  non-defec t ive  l i n k s  showed a  d e c r e a s e  o f  
on ly  0 . 4  mph from 2 0 . 3  mph t o  19.94mph. The d e f e c t i v e  l i n k s  
accounted f o r  about  one - th i rd  of t h e  t r a v e l  on any day and had much 
h i g h e r  ave rage  speeds .  The r eason  f o r  t h e  i n c r e a s e  on t h e  non- 
d e f e c t i v e  l i n k s  i s  n o t  c l e a r  b u t ,  a s  a l r e a d y  p o i n t e d  o u t ,  t h i s  
could  be  due t o  t h e  c o n s i d e r a b l e  v a r i a t i o n  between d a y s .  

REVISION OF M I P  METERING CALCULATIONS 
' c  . 

A e r i a l  photography t o g e t h e r  w i t h  a  " f l o a t i n q "  c a r  were a l s o  
used  f o r  t h e  purpose of  d a t a  c o l l e c t i o n  f o r  t h i s  s t u d y .  S i n c e  t h e  
p l a n e  could  n o t  f l y  for much longe r  t han  t h r e e  hours  w i thou t  r e -  
f u e l i n g ,  i t  was dec ided  t o  d i v i d e  t h e  four-hour  peak p e r i o d  i n t o  
two equa l  s e c t i o n s  and f l y  each h a l f  p e r i o d  on d i f f e r e n t  days .  It 
was in t ended  t o  f l y  t h e  l a t e r  h a l f  p e r i o d ,  4:30-6:30 p.m. on A p r i l  
1 7  and September 23, w i t h  t h e  e n t i r e  t ime 2:30-4:30 p.m. t o  be 
flown on September 2 1  and September 2 9 .  I n  f a c t ,  weather  and 
mechanical  d i f f i c u l t i e s  caused some changes i n  t h i s  p l a n ,  b u t  f i l m s  
were ob ta ined  on a t  l e a s t  one day f o r  a l l  s e c t i o n s  o f  t h e  peak 
p e r i o d .  The long break  from A p r i l  17 t o  September 2 1  was due t o  
unava i l . ab i l i t y  of  t h e  o r i g i n a l  f l y i n g  s e r v i c e  and it took some t ime 
t o  f i n d  ano the r  s u i t a b l e  s e r v i c e .  





On t h e  f i r s t  f l i g h t  ( A p r i l  1 7 ) ,  t h e ' p l a n e  was flown a l t e r n a t e l y  
northbound and southbound between lleyers Road and West Grand Boulevard. 
However, i t  was found t h a t  it was d i f f i cuEt :  t o  proper ly  a l i g n  t h e  
p lane  on northbound f l i g h t s  f o r  phogographs of  t h e  northbound Free- 
way. 'Hence, on subsequent  f l i g h t s ,  photographs were taken only  whi le  
t h e  p lane  was heading  sou th .  T h e  d i r e c t  re'curn journey t o  t h e  s t a r t -  
i n g  p o i n t  a t  Meyers Road was used f o r  f i l m  . r e load ing  and f o r  e n t r i e s  
i n  t h e  f l i , g h t  l o g .  

The f i l m  used was high-speed ~kGachrome Reversal  Fi lm.  he 
f i l m s  were i ; t -~elo~:c i i  ail(? the tral.isparencies examined under t h e  sane  
viewer a s  f o r  t h e  s u r f a c e  s t r e e t  sttldy. ?'he p lane  made between 12 
and 16 f l i g h t s  pe r  s e s s i o n  over  t h e  Freeway and a  whole f i l m  of 1.6 
exposures was a v a i l a b l e  f o r  t h e  s ix -mi le  Freeway s e c t i o n  a l lowing 
f o r  oveul.ap, A t y p i c a l  photograph i s  shown i n  Figure  20 .  

A form had been p,repared t o  f a c i l i t a t e  t h e  t r a n s f e r  o f  d a t a  
from t h e  film t o  punched ca rds .  The  Freeway had been d iv ided  i n t o  - 
e i g h t  s e c t i o n s  between d e t e c t o r  s t a t i o n s  and each subsec t ion  was 
subdivided a t  on-ramps .or  off-ramps between t h e  s t a t i o n s ,  The 
number of v e h i c l e s  (cars  and t rucks ) ,  i n  each l a n e  of each sub- 
s e c t i o n  were e n t e r e d  t o g e t h e r  wi th  t h e  number of t r u c k s  a lone  i n  
each l a n e .  The tirr?e of day was a l s o  w r i t t e n  down'frorn t h e  f l i a h t  
l o g ,  A samp1.o form i s  shown i n  Appendix E, 

The same photographs a l s o  showed c l e a r l y  t h e  number 05 
v e h i c l e s  waiking i n  a queue on each metered ramp. This  d a t a ,  
t o g e t h e r  wi th  t h e  nuinber of  t r u c k s  and t h e  time of day,  were noted 
on a s e p a r a t e  form a l s o  shown i n  Appendix E. 

I n  t h e  " f l o a t i n g "  c a r  method, a c a r  wi th  a  d r i v e r  and obse rve r ,  
both Unive r s i ty  of Michigan pe r sonne l ,  e n t e r e d  t h e  northbound Free- 
way upstream from West: Grand Boulevard. The observer  noted t h e  
t ime o f  day on pass ing  t h e  West Grand Boulevard d e t e c t o r s  and s t a r t e d  
a s t o p  watch. The moving s t o p  watch was read  a s  t h e  c a r  passed each 
o t h e r  d e t e c t o r  s t a t i o n ,  e n t r y  ramp and e x i t  ramp. The t imes  were 
e n t e r e d  on a  form. The run ended a t  t h e  tleyers Road d e t e c t o r ,  
whence t h e  c a r  was d r i v e n  t o  t h e  nex t  e x i t  ramp and r e t u r n e d  on t h e  
southbound Freeway t o  t h e  s t a r t i n g  p o i n t  f o r  another  run .  Every 
e f f o r t  was made t o  d r i v e  a t  t h e  mcan speed of t h e  t r a f f i c  w i t h  the  
c a r  u s u a l l y  i n  t h e  c e n t e r  l a n e .  

Three o r  f o u r  runs  were made on each day whi le  t h e  a e r i a l  
photography was i n  p rogress  and i n  a d d i t i o n  four  t r i a l  runs  were 
made on A p r i l  15.  L a t e r ,  a s  a  t e s t  on th,e e f f e c t  of d i s c o n t i n u i n g  
ramp mete r ing ,  f u r t h e r  runs  were made i n  December and January ,  1971. 

ANALYSIS 

In  t h e  i n t r o d u c t o r y  chap te r  t o  t h i s  r e p o r t ,  a method of  corn-. 
p u t i  
The 

ng s t o r a g e  i n  a freeway s e c t i o n  f o r  each minute was presented , ,  
sum of t h e  s t o r a g e s  over any pe r iod  of  t ime i s  a l s o  t h e  t o t a l  

t r a v e l  t ime over  t h a t  pe r iod .  The d a t a  c o l l e c t e d  by t h e  computer 
from each d a y ' s  meter ing  can t h e r e f o r e  be  used t o  o b t a i n  t h e  t o t a l  
t r a v e l  t ime over  any per iod  w i t h i n  t h e  f o u r  hours of metexinu. 
S i m i l a r l y ,  t h e  s t o r a g e  f o r  a sample t ime w i t h i n  t h e  per iod  of aerj-a1 
photography has been ob ta ined  by d i r e c t  count ing .  Dividing t h e  
four-hour pe r iod  i n t o  e i g h t  ha l f -hours ,  t h e  to . t a l  t r a v e l  t ime has 
been c a l c u l a t e d  from the  computer 's  r ecords  and from t h e  a e x i a l  
photographs averaging d a t a  from t h e  same hal f -hour  p e r i a d s .  The 
r e s u l t s  a r e  shown i n  Table 3 - 1 2 ,  

The t a b l e  shaws, as  might be  expected ,  cons ide rab le  d i f f e r e n c e s  
i n  t h e  r e s u l t s  from t h e  two methods of  c a l c u l a t i o n .  However, t h e r e  
a r e  some c o n s i s t e n t  p a t t e r n s .  F i r s t l y ,  t h e  computer 's  r ecord  g ives  
a lower v a l u e  of t o t a l  t r a v e l  t ime f o r  f i v e  o f  t h e  e i g h t  Freeway 
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s e c t i o n s ,  t h e  a e r i a l  photographs g i v i n g  t h e  lower va lues  on ly  f o r  
s e c t i o n s  1, 2 and 8 .  There a r e  exceptions f o r  some ha l f -pe r iods  
h igh l i ,gh t ing  t h e  second p a t t e r n  i n  t h e  r e s u l t s .  This  i s  a  r e l a t i v e  
dec rease  i n  t h e  t o t a l  t r a v e l  time from t h e  computer 's  r ecords  corn.- 

. p a r e d  wi th  t h e  a e r i a l  photographs. The swing i s  s o  marked t h a t ,  
f o r  t h e  l a s t  ha l f -hoar  p e r i o d ,  only t h e  f i r s t  s e c t i o n  y i e l d s  a 
g r e a t e r  va lue  of t o t a l  t r a v e l  t ime from t h e  computer 's  r e c o r d s .  

The d i f f e r e n c e s  i n  Table 3-12 show t h a t  t h e  assumed c 0 n s t a n . t ~  
i n  t h e  average speed r e l a t i o n s h i p  should be  decreased i n  o r d e r  to' 
i n c r e a s e  t h e  computer ' s  ca3.culated t o t a l  t r a v e l  t ime.  Whether t h e  
c o n s t a n t s  should be f u r t h e r  modified dur ing  t h e  course  of  a  peak 
pe r iod  depends on the propor t ion  of t r u c k s  i n  t h e  s t r e a n .  T h e  pro- 
p o r t i o n  af truc:ks i n  t h e  e n t i r e  Freeway'secti .on was ob ta ined  by 
wei.ghting t h e  observed p ropor t ions  f o r  each subsec t ion  according t o  
t h e  pho tograp l~ ic  d u r a t i o n  of t o t a l ,  t r a v e l  t ime f o r  each hal f -hour .  
The o v e r a l l  percentages of t r u c k s  by t ime of day a r e  shown i n  
Figure  21.. 

There i s  a  g radua l  , d e c r e a s e  i n  t h e  percentage  o f  t r u c k s  from 
about  f i v e  p e r c e n t  a t  3 :00  p.m. u n t i l  5:00 p.m. when the s t ream 
con ta ins  only  about  ,two pe rcen t  t r u c k s .  To overcome t h i s  e f f e c t  
i n  t h e  computer ' s  c a l c u l a t i o n s ,  t h e  c o n s t a n t  should be decreased 
f o r  t h e  l a s t  two hours of r n ~ t e r i n g .  This  i.s e q u i v a l e n t  t o  assumi.ng 
a  decreased average velxi.c!le length.  which tz7oul.d be t h e  case  wi th  a. 
decreased percentage of t r u c k s .  

The va lues  of t h e  c o n s t a n t s  were checked again  from t h e  
r e s u l t s  of t h e  f l o a t i n g  c a r  s t u d i e s .  The t r a v e l  t imes  p a s t  each 
check p o i n t  were f i r s t  used f o r  a s imple  check on t h e  speed measure- 
ment methods. To d e s c r i b e  t h e  methods, cons ide r  t h e  check p o i n t s  
shown i n  F igure  2 2 .  Detec tor  s t a t i o n s  a r e  a t  Band E. 

Method 1 

1 Distance  AC Average Speed - [ Distance  DF 
i -  2 Travel  Time AC Travel  Time DF I 

This  va lue  i s  probably a c l o s e  apqroximation t o  t h e  average speed 
c a l c u l a t e d  by t h e  computer. 

For t h e  f i r s t  s e c t i o n  (from West Grand Boulevard) ,  t h e r e  i s  
no s t a t i o n  upstream from h e r e  s o  t h a t  t h e  f i r s t  r a t i o  i s  d i s t a n c e  
BC t o  t.ime BC. For t h e  l a s t  s e c t i o n  ( t o  Meyers Road) , t h e r e  i s  no 
s t a t i o n  downstream from h e r e  s o  t h a t  t h e  second r a t i o  i s  d i s t a n c e  
DE t o  time DE. 

Method 2 

Dis tance  BE 
Average 'eeed = T r a v e l  tJ?ime BE 

The a l g e b r a i c  sum of t h e  d i f f e r e n c e s  is  given i n  Table 3-13. 
Using a  t - t e s t  of t h e  s i g n i f i c a n c e  of  t h e  d i f f e r e n c e s  (from 

ze ro )  on a  n u l l  hypothes is  t h a t  t h e r e  i s  no d i f f e r e n c e  i n  t h e  
methods, t h e r e  a r e  ( h i g h l y )  s i g n i f i c a n t  d i f f e r e n c e s  f o r  only t h e  
second, s i x t h ,  and e i g h t h  systems,  However, i t  should be noted 
t h a t  t h e  sum o r  mean o f  t h e  d i f f e r e n c e s  i n  a l l  cases  i s  p o s i t i v e .  
This  i n d i c a t e s  a  t r e n d ,  s i g n i f i c a n t  i n  t h r e e  c a s e s ,  f o r  v e h i c l e s  t o  
slow down between d e t e c t o r  s t a t i o n s .  With independence, t h e  pro-. 
b a b i l i t y  of a l l  e i g h t  being p o s i t i v e  i s  only  1 i n  2 5 6 ,  T h i s  i s  a 
smal l  p r o b a b i l i t y  so  t h e  d i f f e r e n c e  i n  means i s  considered  
s i g n i f i c a n t .  



TABLE 3-13 . 
AIGEBRAIC SUM OF 21 DIFFERENCES 

IN AVERAGE SPEED 
Standard  Devia t ion  

(Method 1 - Nethod 2) of Di f fe rences  
S e c t i o n  - (MPH ) (IIP H ) - 

 he r e s u l t s  ,of t h e  a e r i a l  photography and moving v e h i c l e  t e s t s  
sugges t  t h a t  t h e  c o n s t a n t  i n  t h e  equa t ion  f o r  average speed should 
be  r e v i s e d .  A s  given i n  t h e  i n t r o d u c t i o n ,  

But kl and kn a r e  simply p r o p o r t i o n a l  t o  t h e  d e t e c t e d  l e n g t h  under 
a s o n l c  d e t e c t o r ,  equal  t o  t h e  d e t e c t e d  f i e l d  p l u s  t h e  average  
v e h i c l e  l e n g t h .  Assuming t h a t  t h e  d e t e c t e d  f i e l d s  a r e  equa l  from 
s t a t i o n  t o  s t a t i o n  

where J1 i s  i n  f e e t ,  I; miles  pe r  hour ,  q , i n  v e h i c l e s  p e r  minute and . 

0 is  a p r o p o r t i o n  (of occupancy over  one m i n u t e ) .  Hence ' 

With u known from t h e  moving v e h i c l e  s t u d i e s  and q and 0 from t h e  
computer r e c o r d s ,  e s t ima tes  of  R can be ob ta ined .  

Table 3-14 shows computed va lues  of  R f o r  t h e  t h r e e  days ,  
September 2 1 ,  23 ,  'and 2 9 ,  and f o r  f o u r  subsystems,  The t a b l e  does 
n o t  show a  c o n s i s t e n t  p a t t e r n  from day t o  day.  For example, if t h e  
percentage  of  t r u c k s  decreased s u f f i c i e n t l y  t o  dec rease  t h e  average 
v e h i c l e  l e n g t h ,  then t h e  va lues  from t h e  second h a l f  of t h e  peak 
pe r iod  (September 23) would be s i g n i f i c a n t l y  lower. Therefore ,  it 
seems reasonab le  t o  simply t a b u l a t e  t h e  average  and cons ide r  them 
c o n s t a n t s  over  t h e  whole four-hour p e r i o d .  The t a b l e  a l s o  shows 
a  cons ide rab le  d i f f e r e n c e  between t h e  c o n s t a n t s  from s t a t i o n  t o  
s t a t i o n .  The va lue  a t  s e c t i o n  4 i s  very low cons ide r ing  t h a t  t h e  
average v e h i c l e  l eng th  i s  about  1 7 . 5  f e e t  ( 3 1 ) .  I t  wou1.d appear 
t h a t  t h e  d e t e c t o r s  making up s e c t i o n  4 a r e  e i t h e r  c o n s i s t e n t l y  under- 
r ead ing  f low o r  over-reading occupancy. Because of t h e  d i f f e r e n c e s  
i n  t h e  va lues  of R ,  a r e s t a t ement  of t h e  formula f o r  average speed 
should be  
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FIGURE 21. 
PROPORTION OF TRUCKS BY TIME OF DAY 
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- k l I n t l  91 q n t l  . 
'1 - 176 (5 F-) 

n t l  

where kl i s  a c o n s t a n t  r e p r e s e n t i n g  t h e  d e t e c t o r  performance 
. b ~ u n d i n g ' ~ ~ $ r e e w a ~  s e c t i o n .  

F i n a l l y ,  a  check was made t o  f i n d  o u t  t h e  e f f e c t ,  i f  any,  o f  
permanently c e a s i n g  ramp meter ing  a f t e r  December 4 ,  1971. An a n a l y s i s  
of  v a r i a n c e  was run  on t r i p  times (Table  3-15) on t h e  northbound . 
Lodge Freeway from West Grand Boulevard t o  Fleyers Road. S t a r t i n g  
tirnes were s o r t e d  z n t o  four  p e r i o d s  ancl appear  a s  t h e  columns. Rows 
1 - 4  c o n s i s t  o f  d a t a  ga the red  b e f o r e  December 4 ,  1970 and rows 5-9 
c o n s i s t  o f  d a t a  ga the red  a f t e r  December 4 .  Times a r e  e n t e r e d  . i n  
minutes  and t e n t h s  of minutes .  An a n a l y s i s  o f  v a r i a n c e  on t h e  
d a t a  y i e l d e d  t h e  r e s u l t s  i n  Table  3-16. 

The r a t i o  o f  t h e  v a r i a n c e  e s t i m a t e  f o r  t h e  rows t o  t h e  
v a r i a n c e  e s t i m a t e  f o r  t.he r e s i d u a l  i s  3 .65  w i t h  8 and 1 2  deg rees  of 
freedom, r e s p e c t i v e l y .  Consu l t i ng  t a b l e s  f o r  Snedecor ' s  F r e v e a l s  
t h a t  t h i s  r e s u l t  is s i g n i f i c a n t ,  be ing  s l i g h t l y  h ighe r  t han  t h e  
2.5% l e v e l .  Thus, t h e  experiment  d i d  have a  s i g n i f i c a n t  e f f e c t  on 
t r i p  t imes  on t h e  ilorthbound Lodge. A s  we wou ld , expec t ,  s t a r t i n g  
t ime i s  very  s i g n i f i c a n t  and t h e  F t e s t  g i v e s  a  l e v e l  of  s i g n i f i c a n c e  
g r e a t e r  t han  . I%. 

' TABLE. 3-14 
COMPUTED VALUES OF Q 

September September September 
- 2 1 2 3 2 9 Average 

3 25.1 20.0 20.9 22.0 

TABLE 3-15 
FREEWAY TRAVEL TIMES 

STARTING TIME 1430-59 1500-59 1600-59 1700-29 , 

. . 'BEFORE" 7 1 7 9 116 150 

74 11 2 135 19 2 

1 4  3 
TABLE 3-16 

ANALYSIS OF VARIANCE OF FREEWAY TRAVEL TIMES 
SUM OF DEGREES OF VARIANCE 

SOURCE SQUARES FREEDOM ESTI!IATE - 
COLUMNS 30,331 3 101110.3 

ROWS 4,975 8 621.9 

RES 1 DUAI, 2,045 1 2  170.4 

TOTAL 37,351 2 3 



U n f o r t u n a t e l y ,  t h e r e  i s  n o t  much d a t a  f o r  t h e  " a f t e r "  p e r i o d  
and t h e  t h i r d  column i s  t h e  o n l y  one  which c o n t a i n s  more t h a n  two 
" b e f o r e "  and two " a f t e r "  times. A s  an a d d i t i o n a l  measure,  a  
v a r i a n c e  r a t i o  tes t  was run  comparing t h e  " b e f o r e "  t r i p  times of t h e  
1600-59 colurnn w i t h  t h e  " a f t e r "  t imes  o f  t h a t  column. Th i s  t e s t  
gave a  v a l u e  f o r  F of  3.46 which i s  n o t  s i g n i f i c a n t  on two ant3 f o u r  
d e g r e e s  of freedom. 

A S t u d e n t ' s  t tes t  a l s o  gave an  i n s i y n i f i c a n t  r e s u l t .  
In summary, i t  could  n o t  he shown t h a t  i n  t h e  l ong  terM 

t r a v e l  t i n~es  increas~2d (o r  dec rezsed )  w i t h  t h e  c e s s a t i o n  of  ramp 
me te r inq .  A t  f i r s t ,  t h e r e  were s h a r p  i n c r e a s e s  i n  t r a v e l  times. 
T h e r e a f t e r ,  m o t o r i s t s  were probably  aware o f  t h e  i n c r e a s e d  c o n g e s t i o n  
and r e v e r t e d  t o  t h e  a l t e r n a t e  r o u t e s  which they  perhaps  t r a v e l e d  
on c lur ing t h e  days o f  ramp n ~ e t e r i n g .  

RAMP METERING-HARDNURE CHANGES TO INCREASE OBEDIENCE 

To de t e rmine  how. w e l l  each o f  t h e  f o u r  s e p a r a t e  ramp me te r ing  
c o n f i g u r a t i o n s  performed,  a  s tudy  on v i o l a t i o n s  t o  t h e  s i g n a l  a t  one . 
of  t h e  ramps was under taken .  The Webb on-ramp was chosen a s  be ing  
t y p i c a l  and in fo rma t ion  was o h t a i n e d  concern ing  t h e  number o f  
v e h i c l e s  i l l e g a l l y  d r i v i ? q  throuyh a  r e d  d i s p l a y  on t h e  s i g n a l .  A 
computer .program had p r e v i o u s l y  been prepared  t o  supply  d a t a ,  f o r  
each  of  t h e  240 minutes  i n  t h e  four-hour  c o n t r o l  p e r i o d ,  on t h e  
t o t a l  number o f  v e h i c l e s  u t i l i z i n g  t h e  ramp and t h e  number of  t h e s e  
t h a t  v i o l a t e d  t h e  s i g n a l .  Thus a  l i s t i n g  of  ramp me te r ing  v i o l a t o r s ,  
by minu te ,  was a v a i l a b l e .  I n  any g iven  minute ,  t h e  number o f  v i o -  
l a t o r s  i s  e q u a l  t o  t h e  v e h i c l e  count  minus t h e  g reen  changes on t h e  
s i g n a l .  

Sample days were ra.ndomly chosen from each  of  t h e  f o l l o ~ t ~ i n g  
f o u r  p e r i o d s :  May 18 t o  June 19 ,  1970; J u l y  6 t o  J u l y  31, 1970; 
September 1 t o  September 30 ,  1970; and October  8 t o  November 6 ,  
1970. A t o t a l  o f  2 1  days were compiled and t h e  mean f o r  each  p e r i o d  
c a l c u l a t e d .  A S t u d e n t ' s  t t e s t  was performed on t h e  means of  t h e  
succeed ing  p e r i o d s ;  s e e  Table  3-17 below. 

TABLE 3-17 
VIOLATIONS AT WEBB RAMP VERSUS CONFIGURATION NUMBER 

CONFIGURATION MEAN NUMBER SUCCEEDING SIGFJIFICAEJCE 
NUMBER OF VIOLATIONS DIFFERENCE LEVEL 

1 115.0 
4-27.0 .. - 

2 142.0 
-32.0 0.05 

3 110.0 
-16.3 - - 

4 9 3 . 7  
The l a r g e s t  number o f  v i o l a t i o n s  occu r r ed  d u r i n g  t h e  t ime  

c o n f i g u r a t i o n  number 2 was a c t i v e  and is  d i r e c t l y  r e l a t e d  t o  t h e  
f a c t  t h a t  t h i s  c o n f i g u r a t i o n  had t h e  s h o r t e s t  p r e sence  d e t e c t i o n  
zone.  There was a  s t a t i s t i c a l l y  s i g n i f i c a n t  improvement w i th  t h e  
s imp le  i n c r e a s e  of  t h i s  zone a s  implemented i n  c o n f i g u r a t i o n  number 
3 .  There was y e t  ano the r  improvement when t h e  p re sence  zone was 
i n c r e a s e d  f u r t h e r  by u t i l i z i n g  t h e  queue d e t e c t o r .  T h i s  f o u r t h  
c o n f i g u r a t i o n  proved t o  be  t h e  most s u c c e s s f u l  s i n c e  i t  achieved  
t h e  l owes t  mean number o f  v i o l a t i o n s .  



REVISION OF FdETERTEJG STRATEGY 

The s tudy was conducted on two s e p a r a t e  days,  from 3:00 p.m. 
t o  4 2 3 0  p.m. on one day and from 4 : 3 0  p.m. t o  6 :00  p.m. on t h e  next  
day. These time pe r iods  r ep resen ted  t h e  f u l l  ranqe of t h e  peak 
per iod  and almost a l l  of  t h e  metering pe r iod .  Since t h e  t r a v e l  
p a t t e r n  dur ing  t h i s  per iod  i s  work-home t r i p s ,  it was be l i eved  t h a t  
no b i a s  would be developed by conducting t h e  s tudy o'n s e p a r a t e  days.  

Observers equipped with t a p e  recorde r s  were assiqned t o  t h e  
t h r e e  s i t c s ,  These s i t c s  were i d r . > n t i f i c d  i n  t h e  fol lowing way:* 

S t a t i o n  1 - The Davison On-Ramp 
S t a t i o n  2 - The Oakman Overpass 
S t a t i o n  3 - The I,int~oocl Off-Ramp . 

The observers  were i n s t r u c t e d  t o  record  t h e  l a s t  t h r e e  d i a i t s  
on t h e  l i c e n s e  p l a t e  of every v e h i c l e  t h a t  passed them, s t a r t i n g  
wi th  a marked Univers i ty  c a r  which re tu rned  throuqh t h e  r o u t e  a t  
approximately half-hour i n t e r v a l s .  This  d iv ided t h e  study i n t o  
d i f f e r e n t  runs and reduced t h e  p r o h a h i l i t y  of the  r e p e t i t i o n  of 
numbers.for each run ,  The obse rve r s  recorded t h e  time a t  which t h e  
marked c a r  passed them and t h e  number of unrecorded l i c e n s e  p l a t e s  
f o r  each run.  

The d a t a  were t r a n s f e r r e d  t o  coding s h e e t s  then punched on 
d a t a  process ing cards  and a s imple proqram was w r i t t e n  t o  match t h e  
l i c e n s e  p l a t e s  a t  each s t a t i o n  f o r  each of  t h e  s i x  runs .  This  
r e s u l t e d  i n  seven groups of l i c e n s e  p l a t e  t o t a l s  f o r  each run.  

A)  Unmatched License P l a t e s  a t  S t a t i o n  1 
B)  Unmatched License Plat.es a t  S t a t i o n  2 
C)  Unmatched License P l a t e s  a t  S t a t i o n  3 
D)  Matched License P l a t e s  a t  S t a t i o n s  1 and 2 
E )  Matched License P l a t e s  a t  S t a t i o n s  2 and 3 
F )  Matched License P l a t e s  a t  S t a t i o n s  1 and 3 
G) Matched License P l a t e s  a t  S t a t i o n s  1, 2 ,  and 3 ,  

RESULTS OF THE STUDY 

Table 3-18 summarizes t h e  g ~ o u p s  of matched l i c e n s e  p la te s ,  
The r e s u l t s  f o r  t h e  second run on t h e  f i r s t  dav of t h e  s tudy were 

. + discarded due t o  a breakdown of one of t h e  t a p e  recorde r s  duringr 
t h a t  run.  The t o t a l s  f o r  t h e  f o u r t h  and f i f t h  runs were grouped 
t o g e t h e r  s i n c e  t h e s e  runs were very  s h o r t  and t h e  number of obser-  
v a t i o n s  were much l e s s  than t h a t  of  t h e  o t h e r  runs .  A Chi-square 
t e s t  of t h i s  grouping i n d i c a t e d  no s i q n i f i c a n c e  a t  t h e  0 . 0 5  level :  
The runs have simply been i n d i c a t e d  a s  1, 2 ,  3 and 4 i n  Table 3-18. 

TABLE 3-18 
NUMBERS I N  GROUPS OF llATCHED LICEPTSE PLATES 

STATION - 
A B C D E F G 

RUN 1 2 - - 3 l & 2  2 & 3  1 & 3  1, 2 & 3 T O T A I ,  - -  -- P. 

TOTAL 735 417 160 385 30 5 6 0 3 2 4 2386 

*See Figure  1 4 ,  Chapter 2 .  



The four  runs r ep resen ted  d i f f e r e n t  pe r iods  of t r a f f i c  
volumes dur ing t h e  peak pe r iod ,  t h e  per iod  o f  h e a v i e s t  flow 
occurr ing  dur ing t h e  t h i r d  run. Group B ,  p l a t e s  s i g h t e d  only a t  
S t a t i o n  2 ,  r e p r e s e n t  an undes i rable  t r a f f i c  maneuver by us ina  t h e  
f o u r t h  l ane  f o r  passing.  I t  was dur ina  t h e  t h i r d  per iod  t h a t  t h i s  
maneuver was most p reva len t .  Severa l  t a b l e s  were formed from t h e  
matched l i c e n s e  p la tes  i n  o r d e r  t o  i l l u s t r a t e  t h e  t r a f f i c  p a t t e r n  
and a Chi-square t e s t  was app l i ed  t o  each t a b l e .  A confidence l e v e l  
of 0 .05 was used. 

Some of t h e  t r a f f i c  which e n t e r s  t h e  Lodge from t h e  Davison 
ramp dues n o t  d e s i r e  t o  e x i t  a t  Linwood and s o  must merge i n t o  t h e  
l a n e  ad jacen t  t o  the  a u x i l i a r y  lane .  The ease  by which t h i s  maneuver 
was accomplished was examined by comparing groups A and D i n  t h e  
above l i s t  of matched l i c e n s e  p l a t e s .  The r e s u l t s  a r e  ind ica ted  i n  
Table 3-19. The percentage of d r i v e r s  unable t o  merge be fo re  reach- 
i n g  Oakman, Group D,  increased from 33% i n  t h e  f i r s t  run  t o  42% i n  
t h e  t h i r d  run ,  then decreased t o  25% i n  t h e  f o u r t h  run .  This t r end  
showed t h a t  it became more d i f f i c u l t  f o r  d r i v e r s  t o  merge a s  t h e  
t r a f f i c  volume increased.  A Chi-square t e s t  on t h i s  sample was 

4 very s i .gn i f i can t .  Apparently some d r i v e r s  who l a t e r  e n t e r  Davison 
' d e s i r i n g  t o  e x i t  a t  Linwood a t tempt  t o  save time by mergying i n t o  a 
through l a n e  then re -en te r  the  a u x i l i a r y  lank downstream. The per- 
centage of those  d r ive r?  who engage i n  t h i s  maneuver i s  given i n  
Table 3-20. Such maneuvers were no t  ex tens ive  and were diminished 
considerably  during t h e  t h i r d  run  when t h e  volume.was h e a v i e s t .  A 
Chi-square t e s t  on t h i s  sample was no t  s i g n i f i c a n t .  

TABLE 3-19 
GROUP A COIIPARED WITH GROUP D 

GROUPS 

RUN 

X 2  = 16.7 o n ' 3  d . f .  
Highly S i g n i f i c a n t  

TABLE 3-20 
. GROUP F COIIPARED WITH GROUP G 

RUN 
GROUPS 

F r, 

X2 = 6.4 on 3 d . f .  
Not S i g n i f i c a n t  



Table 3-23 compares t h e  Lodge t r a f f i c  d e s i r i n g  t o  e x i t  a t  
1,inwood which diverged be fo re  r each ing  Oakman wi th  t h e  l a t e  d i v e r g e r s .  
There was no a p p a r e n t t r e n d  i n , t h e  d i v e r g i n g  p a t t e r n .  The percentage  
of  e a r l y  d ive rg ing  t r a f f i c  ranged from 77% i n  t h e  t h i r d  run  t o  51% 
i n  second run.  The low percentage  occur r ing  i n  t h e  second per iod  
was q u i t e  unusual .  A Chi--square t e s t  on t h i s  sample was h igh ly  
s i g n i f i c a n t .  

T A B ~ E  3-23 
GROUP C COMPARED WITH GROUP E 

GROUPS . 

RUN 
-d 

1 

2 

3  

4 

X2 = 17.7 on 3 d . f .  
Highly S i g n i f i c a n t  

Table 3-24 compares Groups C and I? with  Groups E and G t o  
de termine  t h e  e x t e n t  t o  which t h e  t r a f f i c  e x i t i n g  a t  Linwood uses  
t h e  a u x i l i a r y  l a n e  be fo re  l eav ing  a t  Linwood whi le  Groups E and G 
r e p r e s e n t  v e h i c l e s  seen a t  both  Oakman and Linwood. I t  seems l o g i c a l  
that; under t h e  heavy t r a f f i c  f lows d r i v e r s  would d ive rge  e a r l y  and 
u t i l i z e  t h e  a u x i l i a r y  l a n e  as  much a s  p o s s i b l e .  This  was demonstrated 
dur ing  t h e  t h i r d  run where 84% of t h e  e x i t i n g  t r a f f i c  d iverged e a r l y .  

. However, t h i s  t r e n d  d i d  n o t  fo l low i n  t h e  second run. A Chi-square 
t e s t  on t h i s  sample was h igh ly  s i g n i f i c a n t .  

TABLE 3-24  
GROUPS c AND F COMBINED C ~ M P A R E D  WITH GROUPS E & G COMBINED 

GROUPS 

HUN - C & F  E & G  - 
1 21% (50) 79% (184) 

X2 = 16.6 on 3 d . f .  
. Highly s i g n i f i c a n t  



DIVERSION FROM DAVISON-LODGE II\ITERCHA~JGE ' 
The s tudy  was conducted between t h e  hours  of  2:30 p.m. t o  

6:30 p.m. Three obse rve r s  were s t a t i o n e d  a t  convenien t  l o c a t i o n s  
' where t hey  could  t r a c e  v e h i c l e s  v i s u a l l y  from t h e  f o u r  sou rces  men- 

t i oned  below t o  t h e i r  l o c a l  d e s t i n a t i o n .  The d e s t i n a t i o n s  were: 
1, Northbound Lodge Freeway, and 
2 .  Westbound Davison 

The obse rve r s  noted t h e  t ime a t  which they  began t o  t r a c e  each 
v e h i c l e  f o r  l a t e r  coo rd ina t ion  w i t h  t h e  computer r eco rd  o f  s i q n  
s t a t e s  f o r  t h e  Davison s i g n .  Five-minute volume counts  were a l s o  
t aken  a t  t h e  i n t e r s e c t i o c  of Hamilton and t h e  westbound Davison 
S e r v i c e  Drive and f o r  t r a f f i c  i n  t h e  shou lde r  l a n e  of t h e  westbound 
Davison Expressway. 

The s tudy  was conducted on t h r e e  s e p a r a t e  days.  On t h e  f i r s t  
day,  t h e  s i g n  s t a t e  was al lowed t o  chanqe a u t o m a t i c a l l y  t o  r e f ] - e c t  
t h e  t r a f f i c  condi.t ions on t h e  Lodge Freeway. However, t h i s  r e s u l t e d  
i n  exces s ive  p e r i o d s  o f  t h e  s i g n  s t a t e  which d i v e r t e d  t r a f f i c  from 
$he Lodge en t r ance  ramp a t  Davison. I n  o r d e r  t o  o b t a i n  an adequate  
samplb f o r  bo th  s i g n  s t a t e s ,  t h e  meter inq  r a t e  a t  t h e  Davison on- 
ramp was changed manually t o  produce a  change i n  t h e  s i g n  s t a t e  
approximately every f i f t e e n  minutes .  This  was accomplished by 
e s t a b l i s h i q g  t h e  maximum meter ing  r a t e  f o r  f i f t e e n  minutes .  These 
manipuLations were s u b j e c t  t o  s a f e t y  measures.  The re fo re ,  regar&* 
l e s s  of  t h e  a c t u a l  queue l e n g t h  on t h e  ramp, t h e  s i g n  ohe ra t ed  
normal l y  .- 
R e s u l t s  

A summary of t h e  r e s u l t s  of t h e  s tudy  i s  p re sen t ed  i n  Table  
3-25. ?'he p e r i o d s  dur ing  which t h e  s i g n s  d i r e c t e d  t r a f f i c  towards 
t h e  Freeway i s  des igna t ed  a s  g reen  and t h e  p e r i o d s  when t r a f f i c  i s  
d i v e r t e d  from t h e  Freeway i s  des igna t ed  a s  r ed .  A Chi-square test: 
was conducted f o r  each o r i g i n  t o  check t h e  e x t e n t  t o  which m o t o r i s t s  
obeyed t h e  s i g n s .  A,conf idence  l e v e l  of  0.05 was used.  The Chi- 
squa re  t e s t  conducted f o r  t r a f f i c  southbound on Hamilton was h igh ly  
s i g n i f i c a n t .  However, t h i s  d i r e c t i o n  of t r a f f i c  does n o t  have t h e  
b e n e f i t  of  an in format ion  s i g n  and d e c i s i o n s  were based on d r i v e r  
d e s t i n a t i o n  and t r a f f i c  c o n d i t i o n s .  For  t h e  o t h e r  t h r e e  o r i q i n s ,  
t h e  Chi-square t e s t  showed no s i g n i f i c a n c e .  

DIVERSION FROM WEST GRAND BOULEVARD W I P  

To t h i s  end,  two s t u d i e s  were conducted i n  t h e  i n t e r s e c t i o n  
a r e a  i n  1970. The f i r s t  was a  l i c e n s e  p l a t e  s tudy  t o  de te rmine  t h e  
e x t e n t  o f  obedience of d r i v e r s  p a s s i n p  t h e  s i g n  t o  v a r i o u s  messages 
d i sp l ayed  on t h e  s i g n .  The second s tudy  was of t h e  p r o p o r t i o n  of 
ramp u s e r s  o r i g i n a t i n g  from westbound West Grand Boulevard,  I f  t h e  
p ropor t i ons  changed i n  accordance t o  changes i n  t h e  s i g n  s t a t e s  of  
t h e  v a r i a b l e  message s i g n ,  then it could  be i n f e r r e d  t h a t  t h e  s i R g l e  
s i g n  was i n s u f f i c i e n t  t o  p reven t  conges t ion  i n  t h e  i n t e r s e c t i o n .  
That  i s ,  t h e  amount of t r a f f i c  u s i n g  t h e  ramp b u t  n o t  pa s s ing  t h e  
v a r i a b l e  message s i g n  would be of such magnitude t h a t  conges t ion  
s t i l l  remained. 

The l i c e n s e  p l a t e  s tudy  was conducted f o r  a  90-minute pe r iod  
t o  de te rmine  d r i v e r  response  t o  t h r e e  recommended r o u t e s  t o  t h e  
Freeway a s  d i s p l a y e d  on t h e  v a r i a b l e  message s i g n .  During t h e  
s tudy  p e r i o d  t h e  s i g n  s t a t e s  were v a r i e d  accord ing  t o  t h e  fo l l owing  
schedule :  



Time Per iod  Message 

3:00 t o  3:15 p.m. Var iab le  message and ramp i n f o r -  
mation s i g n s  both  i n d i c a t i n g  
t h e  Grand Boulevard ramp. 

3:15 t o  3:30 p.m. Var iab le  message s i g n  i n d i c a t i n g  
use  bf t h e  Seward ramp v i a  t h e  

. E a s t  Se rv ice  Drive,  wit11 kh,e 
ramp informat ion  s i g n  a l s o  
i n d i c a t i n g  Seward. 

3:30 t o  3:45 p.m. Var iab le  message s ign  indictat ing 
use  of t h e  Seward ramp v i a  
Second Avenue, with t h e  ramp 
informat ion  s i g n  a l s o  i n d i c a t i n g  
Seward. 

3:45 t o  4 : 0 0  p.m. Same a s  f o r  3:00 t o  3:15 p.m. 

4:00 t o  4:15 p.m. Same a s  f o r  3:15 t o  3:30 p.m. 

4:15 t o  4:JO p.m. Same as  f o r  3:30 t o  3 : 4 5  p.m. 

S ince  t h e  messages on t h e  ramp informat ion  s i g n  a r e  based on 
ramp conges t ion  and c o n t r o l l e d  au tomat ica l ly  by t h e  computer,  the  
green i n d i c a t i o n  f o r  t h e  Grand Boulevard on-ramp was insured  by 
manually s e t t i n g  maximum metering r a t e s  a t  t h i s  ramp. A red  i n d i -  
c a t i o n  f o r  t h i s  ramp accompanied by a green f o r  Seward was accom- 
p l i s h e d  by s e t t i n g  minimum meter ing  r a t e s  a t  Grand Boulevard. The 
ramp s i g n a l  a t  Seward was turned o f f  throughout t o  i n s u r e  t h e  
absence of conges t ion  t h e r e  and a  green i n d i c a t i o n  t h e r e .  

License p l a t e  numbers were recorded f o r  t h e  fol lowing t r a f f i c  
movements: 

(1) Through t r a f f i c  pass ing  t h e  v a r i a b l e  message 
s i g n  on westbound West Grand Boulevard by l a n e .  

( 2 )  T r a f f i c  tu rn ing  r i g h t  onto  Second Avenue down- 
s t ream from the  v a r i a b l e  message s i g n .  

(3 )  T r a f f i c  e n t e r i n g  t h e  Grand Boulevard on-ramp. 
( 4 )  T r a f f i c  e n t e r i n g  a t  t h e  Seward on-ramp. 

A t  t h e  l a s t  t h r e e  l o c a t i o n s  t h e  observer  recorded every l i c e n s e  
p l a t e  number. The number of p l a t e s  t h a t  were missed was notled s o  
t h a t  a  t o t a l  volume count  could be ob ta ined  f o r  t h e  r e s p e c t i v e  loca-  
t i o n s .  Through t r a f f i c  volumes were s o  g r e a t  a t  t h e  v a r i a b l e  
message s i g n  t h a t  only a  sample of l i c e n s e  p l a t e  numbers could be 
recorded by t h e  s i n g l e  observer .  A second observer  a t  t h i s  l o c a t i o n  
counted t h e  v e h i c l e s  by l a n e  s o  t h a t  t h e  sample s i z e  could be obta ined.  
To a i d  t h e  obse rve r s  i n  determining the  end of each s i g n  s t a t e  
i n t e r v a l ,  a c o n t r o l  c a r  was s e n t  p a s t  each obse rva t ion  s t a t i o n  t o  
s i g n a l  t h e  new s tudy  i n t e r v a l .  

The l i c e n s e  p l a t e  numbers were t r a n s f e r r e d  t o  punch card  f o r -  
mat and numbers were matched between p a i r s  of s t a t i o n s  by computer. 
The number of  p l a t e s  matched was then  expanded t o  al low f o r  t h e  
sampling procedure on West Grand Boulevard and t h e  missed p l a t e s  a t  
t h e  o t h e r  l o c a t i o n s .  

A l o c a l  o r i g i n  s tudy of West Grand Boulevard ramp t r a f f i c  was 
c a r r i e d  o u t  f o r  t h e  same 90-minute pe r iod  of a  comparable day as  
t h e  above l i c e n s e  p l a t e  s tudy.  The same sequence of s i g n  s t a t e s  f o r  
s u c c e s s i v e  15-minute i n t e r v a l s  was used. A s  shown i n  Figure 17 ,  
a l l  t r a f f i c  pass ing  through t h e  i n t e r s e c t i o n  and e n t e r i n g  the  on- 
ramp passed t h e  ramp informat ion  s i g n .  I n  the  s tudy t h e  o r i g i n s  



TABLE 3-25 
RESULTS OF DIVERSION FROM DAVISON-LODGE INTERCHANGE 

SIGN STATE 

ORIGIN DESTINATION GREEN RED TOTAL 

I 13 27 4 o X2 = 7.59 on 1 d.f. 
Southbound 

43 30 7 3 Significant Hamilton Davison 

Total 5 6 57 113 

Northbound I Lodge Hamilton Davison 

6 7 69 136 X2 = 0.61 on 1 d . f .  

13 2 0 3 3 
Not Significant 

( Total 8 0 89 169 
6 

Davison I Lodge Service Davison 

6 9 89 158 X2 = 0.0 on 1 d . f .  

62 110 
~ o t  Significant 

4 1 
Drive ( Total 117 151 268. I 

Davison - Lodge 

Expressway I Davison 287 279 566 X 2  = 0.10 on 1 d . f .  

2 4 2 1 4 5 Not Significant 

Total 311 300 611 



were d i s t i n g u i s h e d  because of t h e  d i f f e r e n t  s i d e s  of approach on t o  
t h e  Se rv ice  Drive and because of t h e  somewhat d i f f e r e n t  o p p o r t u n i t i e s  O '  

t o  s e e  t h e  ramp informat ion  s i g n .  Thc l o c a l  o r i g i n s  were: 
1. Right t u r n s  from westbound West Grand Boulevard. 
2 .  Through t r a f f i c  along t h e  Se rv ice  Drive and 

l e f t  t u r n s  from eastbound Grand Boulevard. 
3 .  U-turns from t h e  West Serv ice  Drive. 

T r a f f i c  from t h e  L a t t e r  two o r i g i n s  would n o t  have passed t h e  
v a r i a b l e  message s i g n ,  and an unspec i f i ed  propor t ion  of t h e  f i r s t  
o r i g i n  t r a f f i c  would a l s o  not  have passed t h e  s i g n .  

Resu l t s -  

Of t h e  t o t a l  t r a f f i c  e n t e r i n g  t h e  West Grand Boulevard on- 
ramp, t h e  l i c e n s e  p l a t e  s tudy showed t h a t  approximately 2 1 %  had 
passed t.he v a r i a b l e  message s i g n .  This  meant t h a t  even wi th  com- 
p l e t e  obedience t o  t h e  s i g n ,  only t h i s  percentage of ramp t r a f f i c  
could be  d i v e r t e d  away'from t h e  congested i n t e r s e c t i o n  of West Grand 
Boulevard and the  Se rv ice  Drive. 

The a c t u a l  r e s u l t s  f o r  obedience from t h e  l i c e n s e  p l a t e  s tudy 
a r e  p resen ted  i n  Table 3-26. The r e s u l t s  f o r  t h e  i n d i v i d u a l  l a n e s  
a t  t h e  v a r i a b l e  message s i g n  s t a t i o n  a r e  combined i n  t h e  Table.  A 
very low propor t ion  of t r a f f , i c  was found t o  fol low t h e  two s i g n s .  
When i h e  system favored t h e  West Grand Boulevard on-ramp, ~ . ' C I %  of 
t h e  d r i v e r s  pass ing t h e  v a r i a b l e  message s i g n  d ivekted  t o  t h e  Seward 
ramp, When t h i s  s i g n  d isplayed t h e  Seward ramp v i a  t h e  Se rv ice  
Drive, t h e  number d i v e r t e d  inc reased  t o  1 2 % ,  b u t  a  t h i r d  of t h e s e  
d i v e r s i o n s  d i d  n o t  fo l low t h e  p resc r ibed  rou te .  I n  g e n e r a l ,  it 
appeared t h a t  t h e  v a s t  ma jo r i ty  of d r i v e r s  went t o  t h e  West Grand 
Boulevard on-ramp r e g a r d l e s s  of t h e  s i g n  s t a t e s .  Only a  r e l a t i v e  
handful  d i v e r t e d  t o  Seward, and t h e  d i v e r s i o n  p a t t e r n  of  t h e s e  few 
was s o  i n c o n s i s t e n t  t h a t  no conclus ion can be reached on t h e i r  
obedience t o  t h e  v a r i a b l e  message s i g n .  Since t h e r e  was very l i t t l e  
obedience,  it has t o  be concluded t h a t  t h e  v a r i a b l e  message s i g n  
c o n t r i b u t e d  l i t t ' l e  t o  t h e  r educ t ion  of  congest ion a t  t h e  
i n t e r s e c t i o n .  

The r e s u l t s  of t h e  l o c a l  o r i g i n  s tudy a r e  presented  i n  Table 
3-27. S i m i l a r  t o t a l  volumes were recorded dur ing each of t h e  sets 
of s i g n  s t a t e  i n t e r v a l s ,  and t h e r e  was a  decrease  of 27% i n  t h e  
p ropor t ion  of d r i v e r s  e n t e r i n g  from westbound West Grand Bou:Levard 
when t h e  v a r i a b l e  message s i g n  i n d i c a t e d  Second Avenue a s  t h e  a l t e r -  
n a t e  r o u t e .  However, t h e  v a r i a b i l i t y  of the  volume t o t a l s  f o r  t h e  
o t h e r  o r i g i n s  makes i t  d i f f i c u l t  t o  a t t a c h  much s i g n i f i c a n c e  t o  t h i s  
p o s s i b l e  evidence of d i v e r s i o n .  The only  v a r i a b l e s  i n  t h e  s tudy 
were t h e  s i g n  s t a t e s ,  and t r a f f i c  from t h e  o t h e r  o r i g i n s  would never 
have seen t h e  v a r i a b l e  message s i g n  much l e s s  t h e  r o u t i n g  informat ion  
presented  on i t .  This amount of d i v e r s i o n  would a l s o  have been 
i n c o n s i s t e n t  wi th  t h e  l i c e n s e  p l a t e  s tudy .  Since  t h a t  s tudy showed 
t h a t  2 1 %  of on-ramp t r a f f i c  passed t h e  s i g n ,  t h i s  meant t h a t  approxi-  
mately h a l f  of the  t r a f f i c  from westbound West Grand Boulevard 
passed t h e  s i g n .  

I n  any even t ,  t h e  l o c a l  o r i g i n  s tudy showed t h a t  t h e  v a r i a b l e  
message s i g n  could n o t  g r e a t l y  reduce t h e  congest ion around t h e  
West Grand Boulevard on-ramp because of t h e  l i m i t e d  number of 
d r i v e r s  who saw it. 



RUN 

Sys tern favors  
West Grand 
Boulevard ramp 

System favors  
Seward Ramp 
v i a  Service  
Drive 

System favors  
aSewacd Ramp 
v i a  Second 

RUN 

Sys tern favors  
West Grand 
Boulevard Ramp 

Sys tem favors  
Seward Ramp 
Via Service  
Drive 

System favors  
Seward Ramp 
v i a  Second 

TABLE 3-26 
EXPANDED MATCHED PLATES PASSING 

VARIABLE MESSAGE S I G N  

ENTERED ENTERED ENTERED 
WEST GRAND SEWARD FROM SEWARD V I A  
BOULEVARD SERVICE DRIVE SECOND 

TABLE 3-27 
VOLUME ENTERING FREEWAY AT 
WEST GRAND BOULEVARD N I P  

SERVICE DRIVE 
WESTBOUND & EASTBOUND 
WEST GRAND WEST GRAND 
BOULEVARD BOULEVARD U-TURNS TOTAL 



REVISION OF METERING STRATEGY TO TRY TO-PFSDICT THE BUILDUP OF 
CONGESTION AT BOTTLENECKS 

The subsystem which imposes l i m i t a t i o n s  on t h e  meter ing  r a t e  
at: t h e  Davison on-ramp i s  t h a t ' s e c t i o n  of t h e  Freeway between t h e  
Glendale and Oakman d e t e c t o r s .  F igure  2 3  shows a  schematic l ayou t  
of t h i s  s e c t i o n  o f  t h e  Freeway. I n  computing t h e  s t o r a g e  f o r  t h i s  
subsystem, t h e  volumes of  t h e  t h r e e  through Lanes and t h e  a u x i l i a r y  
l a n e  were added t o g e t h e r .  However, a s  seen from t h e  s t u d y , , t h e  
a u x i l i a r y  l a n e  i s  u t i l i z e d  by both  t r a f f i c  e x i t i n g  a t  Linwood and 
Lodge through t r a f f i c ,  t h e  usage by through t r a f f i c  i n c r e a s i n g  wi th  
i n c r e a s i n g  volume i n  t h a t  s e c t i o n .  Based upon t h i s  f i n d i n g ,  a  new 
metering s t r a t e g y  was proposed f o r  t h e  Davison on-ramp which would 
more r e f l e c t  the  t r u e  s t o r a g e  i n  t h i s  s e c t i o n  of  t h e  Freeway. Under 
a p o s s i b l e  new metering method, an allowance f o r  t h e  f o u r t h  l a n e  
should  be  made f o r  only t h e  movements B and D whi le  t h e  movements 
C and F  should be d iscounted  from t h e  f o u r t h  l a n e .  Based on t h e -  
t o t a l s  i n  Table , . o n l y  573 o u t  of a  t o t a l  volume of 1431 should 
be  counted. Thus, a s  an  approximation,  only  40% of t h e  volume i n  
t h e  a u x i l i a r y  l a n e  should be included i n  t h e  s t o r a g e  c a l c u l a t i o n s  
dur ing  t h e  peak pe r iod .  Although t h e r e  was some v a r i a t i o n  i n  t h e  
usage of t h e  a u x i l i a r y  l a n e  dur ing t h e  peak pe r iod ,  t h i s  uniform 
propor t ion  appears q u i t e  adequate i n  accomplishing t h e  o b j e c t i v e  of 
t h i s  s tudy.  This should r e s u l t  i n  a r educ t ion  i n  t h e  s t o r a g e  of  
approximately 1 2  v e h i c l e s  per  minute b u t  wi th  e f f e c t i v e l y  only t h r e e  
down.stream l a n e s .  This would probably r e s u l t  i n  a  r educ t ion  of t h e  
meter ing  r a t e  a t  Davison, b u t  should remove t h e  b o t t l e n e c k  caused by 
t h e  l a n e  reduc t ion .  

The method used t o  r ecord  t h e  l i c e n s e  p l a t e  numbers r e s u l t e d  
i n  few r e p e t i t i o n s  of numbers dur ing  a  pass .  These r e p e t i t i o n s  
could probably have been e l imina ted  by recording four  d i g i t s  s i n c e  
Michigan l i c e n s e  p l a t e s  c o n s i s t  of  t h r e e  l e t t e r s  followed by t h r e e  
numerals.  However, by record ing  t h r e e  d i g i t s ,  very few l i c e n s e  
p l a t e s  were missed and t h e  pe rcen t  of  recorded l i c e n s e  p l a t e s  was 
cons idered  v i t a l  t o  t h e  a n a l y s i s .  Ninety-six p e r c e n t  was recorded 
a t  S t a t i o n  1, 7 8 %  a t  S t a t i o n  2 ,  and 100% a t  S t a t i o n  3 .  The lmajority 
of missed l i c e n s e  p l a t e s  occurred  a t  S t a t i o n  2 and t h i s  might have 
c o n t r i b u t e d  t o  some of t h e  i r r e g u l a r i t i e s  of  t h e  a n a l y s i s  occur r ing  
dur ing  t h e  second run.  The high speeds and s h o r t  headways made it 
d i f f i c u l t  t o  recognize  many of  t h e  l i c e n s e  p l a t e s  a t  t h a t  s t a t i o n .  

However, t h e  r e s u l t s  of the  s tudy gave enough evidence of t h e  
usage of t h e  a u x i l i a r y  l a n e  dur ing  t h e  peak hour. The p ropor t ion  
of through t r a f f i c  which uses  t h i s  l a n e  i n c r e a s e s  wi th  i n c r e a s i n g  
t r a f f i c  volume. The metering method should t h e r e f o r e  be changed t o  
r e f l e c t  t h i s  usage by inc lud ing  only a  p ropor t ion  of t h e  volume o f  
t r a f f i c  i n  t h e  a u x i l i a r y  l a n e  i n  comparing t h e  s t o r a g e  f o r  t h a t  
subsys  tem. 

DIVERSION OF TRAFFIC FROM ItJTERSECTIONS WHICH MAY BE BLOCKED BY 
RAMP QUEUES 

L i t t l e ,  i f  any, response by d r i v e r s  in tend ing  t o  e n t e r  t h e  
Freeway could be found f o r  t h e  va r ious  s i g n  s t a t e s  on t h e  Davison 
s i g n s  o r  v a r i a b l e  message s i g n .  

I t  i s  d i f f i c u l t  t o  exp la in  t h e  r e s u l t s  f o r  t h e  t h r e e  Davison 
s i g n s .  The purpose 
m e r i t s  of each type 
en t rance .  I n  f a c t ,  

of t h e  s tudy  was t o  demonstrate t h e  r e l a t i v e  
of s i g n  t o  d i v e r t  t r a f f i c  away from t h e  ramp 
none of the  s i g n s  showed any s i g n i f i c a n t  
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divergence a t  a l l .  It should b e  noted t h a t  t h e  s t r e e t s  t o  which 
d i v e r s i o n  i s  suggested,  Davison Expressway and Hamilton Avenue, both  
lead  t o  Twelfth S t r e e t  i f  t h e  s i g n s  cont inue  t o  be fol lowed.  This  
s t r e f i t  and o t h e r s n e a r b y  have environmental q u a l i t i e s  which a r e  n o t  
l i k e l y  t o  be a t t r a c t i v e  t o  motori .s ts .  

This  r e s u l t  i s  i n  sha rp  c o n t r a s t  w i t h  p rev ious ly  r epor ted  
r e s u l t s  ( 9 ,  L O )  which showed cons ide rab le  obedience t o  t h e  s i g n s .  
There i s  s o  much more d a t a  i n  t h e  e a r l i e r  work, t h a t  t h e  c~onclus ions  
i n  t h e  p r e s e n t  s tudy must be  r e j e c t e d .  With rega rd  t o  t h e  m e r i t s  of 
the  t h r e e  s i g n s ,  a  d r i v e r  behavior  s tudy  (10) showed t h a t  t h e  l i k e -  
l ihood of see ing  t h e  s i g n s  was i n  t h e  o r d e r :  

1. ,Blankout  s i g n  on Davison Expressway 
2 .  Ramp informat ion  s i g n  
3 .  T r a i l b l a z e r  s i g n .  
Given t h e  s i g h t i n g  of s i g n s ,  t h e  l i k e l i h o o d  of obedience was 

i n  t h e  o r d e r :  
1. Blankout s i g n  
2 .  T r a i l b l a z e r  'sign 
3 .  Ramp informat ion  s i g n .  

~ h u s ' ,  t h e  blankout  s i g n  was shown t o  be t h e  most e f f e c t i v e ,  However, 
it i s  no t  a s  a p p r o p r i a t e  a s  the  t r a i l b l a z e r  s i g n  when t r a f f i c  i s  no t  
d i r e c t e d  p a s t  a  ramp ent rance .  For genera l  a p p l i c a t i o n s  of v a r i a b l e  
s i g n s  i n  a  freeway c o r r i d o r ,  a proper ly  designed t r a i l b l a z e r  s i g n  i s  
recommended. A blankout  i s  s u i t a b l e  f o r  d i v e r t i n g  t r a f f i c  p a s t  a  
ramp en t rance .  

The d i v e r s i o n  by t h e  v a r i a b l e  message s i g n  on West Grand 
Boulevard hardly  determined an improvement over t h e  Davison s i g n s .  
This l ack  of obedience could be expla ined e i t h e r  by d i f f i c u l t i e s  i n  
reading t h e  s i g n  o r  i n a b i l i t y  t o  c ross  over i n  time t o  t h e  r i g h t  
l ane  i n  o rde r  t o  t u r n  a t  Second Avenue. These exp lana t ions  a r e  
v a l i d  f o r  t h e  d r i v e r  who has never o r  only i n f r e q u e n t l y  passed t h i s  
s i g n  s i n c e  West Grand Boulevard i s  a  busy s t r e e t  and t h e  s i g n  i s  
loca ted  too  c l o s e  t o  Second f o r  many such d r i v e r s  t o  respond and make 
the  necessary maneuvers. However, t h e  s u r v e i l l a n c e  e f f o r t  was 
d i r e c t e d  t o ~ a r d  t h e  r e g u l a r  d a i l y  u s e r s  of  t h e  Freeway who could 
have been expected t o  a n t i c i p a t e  t h e  p o s s i b i l i t y  of a  t u r n  orkto 
Second and, indeed,  n o t  even have had t o  read  t h e  s i g n  word f o r  
word t o  know t h e  recommended r o u t e .  

I t  was ev iden t ,  then ,  t h a t  t h e s e  r e g u l a r  Freeway u s e r s  were 
no t  using t h e  v a r i a b l e  message s i g n .  They may have found t h e  
a l t e r n a t i v e  r o u t e s  e i t h e r  unappealing o r  n o t  a s  f r e e  from conges t ion  
a s  they a n t i c i p a t e d .  O r ,  s i n c e  t h e  r o u t e  t o  t h e  West Grand Boulevard 
on-ramp i s  the  most d i r e c t  r o u t e  t o  t h e  Freeway, ingra ined  h a b i t s  
and a  t o l e r a n c e  f o r  conges t ion  may have been t o o  much f o r  t h e  
r e sea rch  e f f o r t  t o  overcome. 

These s t u d i e s  a l s o  i n d i c a t e  t h a t  t h e  v a r i a b l e  message s i g n  
was seen by only 2 1 %  of the  ramp u s e r s .  Limited f i n a n c e s  precluded 
the  i n s t a l l a t i o n  of v a r i a b l e  message s i g n s  a t  a l l  f e a s i b l e  l o c a t i o n s .  
Large parking a r e a s  had t o  be excluded i n   reference t o  access  
s t r e e t s  t o  t h e  on-ramps. However, when permanent f a c i l i t i e s  a r e  
considered f o r  any freeway c o r r i d o r ,  c o n s i d e r a t i o n  must be g iven t o  
a l l  important  access  r o u t e s  t o  an on-ramp a s  w e l l  a s  major genera to r s  
of t r a f f i c  a s  l a r g e  parking l o t s  i n  t h e  number and placement of 
v a r i a b l e  message s i g n s  t h a t  seek t o  d i v e r t  freeway t r a f f i c  t o  
a l t e r n a t i v e  r o u t e s .  



Conclusions 

I. The v a r i a b l e  message s ign  on West Grand Boulvard 
was i n e f f e c t i v e  i n  preventing conpestion a t  t h e  
i n t e r s e c t i o n  of Grand with t h e  Eas t  Lodge Service  
Drive by d i v e r t i n g  Freeway users  t o  an a l t e r n a t e  
route. 

2. Despite the  loca t ion  of t h i s  s ign  between the  
on-ramp and t h e  primary t r a f f i c  genera tor  i n  t h e  
a rea ,  only 21% of the  ramp users  had passed the  
s i g n .  

3 .  Drivers displayed l i t t l e  o r  no obedience t o  t h e  
var ious  messages presented by the  s ign ,  



CHAPTER 4 
INTERPRETATION, APPRAISAL AND APPLICATION OF FINDINGS 

E D U C T I O N  OF SURFACE STREET TRAVEL TIME BY MEANS 
OF REAL-TIME SIGNAL CONTROL 

An experiment i n  t h e  a p p l i c a t i o n  of r ea l - t ime  t r a f f i c  s i g n a l s  
has been desc r ibed .  I n  terms of an  o v e r a l l  e v a l u a t i o n ,  t h e s e  
r e s u l t e d  i n  a  19% i n c r e a s e  i n  t o t a l  t - ravel  t ime f o r  a  f i x e d  amount 
of t o t a l  t r a v e l  i n  t h e  f i r s t  hour of t h e  four-hour peak pe r iod .  
S i m i l a r l y  i n  t h e  second hour ,  t h e r e  was an 11% d e c r e a s e  i n  t o t a l  
t r a v e l  time and only  i n  t h e  t h i r d  hour was t h e r e  an  i n c r e a s e  and 
t h i s  was l e s s  than one p e r c e n t .  There was no e v a l u a t i o n  of  t.he 
f o u r t h  hour.  

These f i g u r e s  s u g g e s t  t h a t  t h e  experiment was a  f a i l u r e  i n  
t h a t  i n s t e a d  of a  r e d u c t i o n  i n  t o t a l  t r a v e l  t ime t h e r e  was a c t u a l l y  
an i n c r e a s e .  However,, t h i s  b a r e  f a c t  of two t r a v e l  t ime i n c r e a s e s  
masks impor tant  b e n e f i t s  t h a t  were ob ta ined .  Before d i s c u s s i n q  t h e s e ,  
t h e  r e a l  reasons  f o r  t h e  t r a v e l  t ime i n c r e a s e s  should  be  sought .  

a T o t a l  t r a v e l  and t o t a l  t ravel .  t ime were eva lua ted  on on ly  
t h r e e  days ,  two "before"  days and one " a f t e r " .  day,  On t h e  f i r s t  
day,  va lues  of t h e  v a r i a b l e s  were ob ta ined  i n  on ly  t h e  second and 
t h i r d  hours .  On t h e  second day,  they were a v a i l a b l e  f o r  only t h e  
f i r s t  -and second hours and o'n t h e  " a f t e r "  day f o r  t h e  f i r s t  t h r e e  
hours .  I t  happened t h a t  on t h e  second day, t h e  ambunt o f  t r a v e l  was 
low and t h e  amount of  t r a v e l  t ime p r o p o r t i o n a t e l y  lower. Thus, wi th  
this"apparer1tI.y unusual day y i e l d i n g  h a l f  t h e  "be fo re"  in fo rmat ion ,  
t h e r e  i s  l i t t l e  chance t h a t  a  r e d u c t i o n  i n  t r a v e l  time could be 
ob ta ined .  I n  f a c t ,  a  s l i g h t  r e d u c t i o n  was ob ta ined  f o r  t h e  t h i r d  
hour b u t  t h e  p o t e n t i a l  f o r  r e d u c t i o n  was g r e a t l y  reduced by t h e  
o p e r a t i o n  of a  second f a c t o r .  

The s i g n a l  c o n t r o l  scheme was based on f a v o r i n g ,  by means of 
t h e  s i g n a l  o f f s e t ,  2 4  l i n k s  j o i n i n g  nodes o r  i n t e r s e c t i o n s  under 
d i r e c t  c o n t r o l .  Against  t h i s ,  i t  was expected t h a t  31 o t h e r  l i n k s  
may have an inc reased  average  t r a v e l  t ime because of a  p o s s i b l y  
unfavorable  o f f s e t .  F i n a l l y ,  t h e r e  were 30 l i n k s  where t h e  r e l a t i v e  
o f f s e t  was unchanged. Because t h e r e  was much more t r a f f i c  on t h e  
favored l i n k s ,  it was hoped t h a t  a  t r a v e l  time d e c r e a s e  t h e r e  would 
be  g r e a t e r  than  any i n c r e a s e  on t h e  31 non-favored l i n k s .  However, 
when t h e  system became o p e r a t i o n a l ,  it was found t h a t  a t  five! o r  
more of t h e  i n t e r s e c t i o n s ,  computer c o n t r o l  could n o t  be  e s t a b l i s h e d  
f o r  some reason.  This  meant t h a t  t h e  p r o p o r t i o n  of  t r a v e l  on 
favored l i n k s  dropped t o  about  one-quar ter .  There was, i n s t e a d ,  an 
equa l  amount of t r a v e l  on d e f e c t i v e  l i n k s  where cons ide rab le  t r a v e l  
t ime i n c r e a s e s  could be expected .  I f  on ly  t h e  favored l i n k s  a r e  
cons ide red ,  a  f i v e  p e r c e n t  i n c r e a s e  i n  average speed was ob ta ined  
f o r  t h e  t h i r d  hour.  During t h i s  hour ,  flow c o n d i t i o n s  a r e  c l o s e r  t o  
s a t u r a t i o n  and improvements can be expected t o  be more d i f f i c u l t  t o  
o b t a i n .  

Two o t h e r  f a v o r a b l e  r e s u l t s  were found. F i r s t l y ,  there1 was 
a  s i g n i f i c a n t  dec rease  i n  t h e  p r o b a b i l i t y  o f  having t o  s t o p  a t  a  
s i g n a l i z e d  i n t e r s e c t i o n  i n  t h e  network. There was a l s o  a  marked 
r e d u c t i o n  ( 4 8 % )  i n  t h e  average  t r a v e l  time through an i n t e r s e c t i o n  
(Table  3 - 2 ) .  The second f a v o r a b l e  r e s u l t  was t h a t  t h e r e  was no 
apparen t  i n c r e a s e  i n  t h e  de lay  on computer-control led i n t e r s e c t i o n  
approaches f o r  s i d e  s t r e e t  t r a f f i c .  



On t.he debit .  s i d e ,  both The ~ n i v e r s i t ~  of  Michiqan and S t a t e  
Highway Department t r a v e l  time runs  showed an inc rease  i n  t imes f o r  
a  major i ty  of t h e  l i n k s .  However, t h e  Univers i ty  eva lua t ion  d i s -  
regarded t h e  time of the  runs and s o ' t i m e s  a t  d i f f e r e n t  s t a q e s  of  
t h e  af ternoon peak per iod  would have been compared. The S t a t e  
Highway Department " a f t e r "  runs were c a r r i e d  o u t  on only one day, 
the  f i r s t ,  when a  number of t h e  i n t e r s e c t i o n s  could not  be brought 
under computer c o n t r o l .  

A review of the  s i g n a l  c o n t r o l  scheme should inc lude  an 
examination of t h e  method of eva lua t ion .  There were, t o  s t a r t  wi th ,  
two separa te  f l o a t i n g  c a r  s t u d i e s .  The S t a t e  Highway Department 
v e h i c l e  was instrumented and t h e  Univers i ty  v e h i c l e  was no t .  The 
c h a r t  produced by t h e  Department's speed-delay recorder  gave much 
more information than t h e  forms completed manually. Since t h e  
recorder  was a r e l i a b l e  machine i n  good working o rde r ,  it can be 
s t a t e d  t h a t  it would a l s o  produce more accura te  and c o n s i s t e n t  
r e s u l t s  than any method of manual recording.  The f l o a t i n g  c a r  
technique,  o f  course ,  took a  long time t o  produce only a l i m i t e d  
amount of d a t a .  

The a e r i a l  photography s tudy produced a  more comprehensive 
s e t  of d a t a  i n  a  s h o r t e r  time. With a  member of t h e  p r o j e c t ' s  s t a f f  
a s  photographer, t h e  c c s t  of each h o u r ' s  f l y i n g  was r e l a t i v e l y  low. 
I f  more f l y i n g  hours had been a v a i l a b l e ,  it would have been p re fe r -  
a b l e  t o  cover a  s e t  of l i n k s  more f r equen t ly  t h a t  t h e  two o r  t h r e e  
times dur ing t h e  experiment. To achieve t h i s ,  only a  por t ion  of  the  
network would have been filmed f o r  one hour and then t h e  p lane  would 
have flown over another  por t ion .  A s  i t  was, t h e  plane attempted t o  
cover t h e  whole network a s  o f t e n  a s  p o s s i b l e  during t h e  two o r  t h r e e  
hour f l i g h t .  

The black-and-white f i l m  used was q u i t e  s a t i s f a c t o r y  and t h e  
e x t r a  expense of c o l o r  f i l m  d id  not  seem t o  be warranted. Unlike 
t h e  a e r i a l  s tudy of t h e  Freeway where c o l o r  f i l m  was used, t h e  l a n e  
p o s i t i o n  o r  v e h i c l e  type ( c a r  o r  t r u c k )  was not  requi red .  The 
p r i n c i p a l  d e f e c t  of t h e  a e r i a l  photography was t h e  l o s s  of d a t a  f o r  
some l i n k s  when a  t a l l  bu i ld ing  blocked p a r t  of a  l i n k .  

The t r a f f i c  counting program had perhaps t h e  weakest technique.  
The r e s u l t s  were t o  back up a  s e t  of h i s t o r i c a l  counts  (Appendix 
F) b u t  f o r  more than 50% of t h e  link-hour e s t ima tes  r equ i red ,  a  
v i s i t  was no t  made dur ing t h e  hour. This meant a  r e l i a n c e  on t h e  
h i s t o r i c a l  f i g u r e s  which were themselves somewhat e r r a t i c  from hour 
t o  hour and t o  some e x t e n t  from day t o  day. The choice of a  5- 
cycle  counting per iod  i s  perhaps p r e f e r a b l e  t o  a  d e f i n i t e  time 
i n t e r v a l ,  b u t  an e r r o r  i n  counting t o  f i v e  cyc les  can e a s i l y  be 
made. Turning movements were no t  always obtained b u t  gave addi-  
t i o n a l  counting da ta  when a v a i l a b l e .  This was der ived combining 
upstream tu rn ing  movements t o  o b t a i n  t h e  volume e n t e r i n g  a l i n k ,  a 
f i g u r e  apparent ly  j u s t  a s  r e l i a b l e  a s  t h e  volume leaving.  Where 
t h e r e  was an i n t e r s e c t i o n  of busy two-way s t r e e t s ,  t h e  b e t t e r  
counting procedure was t o  r o t a t e  t h e  approach counted so  t h a t  turn-  
ing  movements were almost a t  t h e  same p o i n t  of time. 

The r e s u l t s  would have been more r e l i a b l e  had more d a t a  been 
obta ined.  I n  commencing t h e  f i n a l  a n a l y s i s ,  it was expected t h a t  
t h r e e  days a e r i a l  d a t a  would be s u f f i c i e n t  al though hardly  adequate. 
It turned o u t  t h a t  on t h e  day of November 1 7 ,  t h e  de lays  were s l i g h t  
and t h e  t r a f f i c  demand much l e s s  than usual .  Although t h e r e  was no 



obvious reason  f o r  t h i s ,  an  e x t r a  day of  3ilm a n a l y s i s  would have 
diminished t h e  e f f e c t s  of t h i s  unusual  day. Many more f l o a t i n g  
c a r  runs  would have been made t o o ,  had t h e  oppor tun i ty  been p r e s e n t .  
P a r t i c u l a r  emphasis would have been on t h e  f o u r t h  hour of t h e  peak 
p e r i o d  which had t o  be  e l imina ted  from t h e  eva lua t ion .  

The severance  of computer c o n t r o l  a t  s e v e r a l  of  t h e  i n t e r -  
s e c t i o n s  was a  d i s a p p o i n t i n g  f e a t u r e .  I t  was a l s o  f r u s t r a t i n g  t h a t ,  
once t r o u b l e  developed a t  an i n t e r s e c t i o n ,  it was d i f f i c u l t  t o  
r e s t o r e  t o  normal o p e r a t i o n s .  With more time a v a i l a b l e ,  it may have 
been p o s s i b l e  t o  develop more t iming p lans  t o  cover cases  of p a r t i -  
c u l a r  i n t e r s e c t i o n s  dropping o u t  of  t h e  system. A s  it happened, 
t h e  de l . ays , a t  such i n t e r s e c t i o n s  i n c r e a s e d  above t h e  l e v e l  b e f o r e  
computer c o n t r o l  was in t roduced .  

With r e g a r d  t o  t h e  s i g n a l  t iming p lans  i n  g e n e r a l ,  i t  i s  
d i f f i c u l t  t o  s e e  any obvious improvement wi thout  a  major i n c r e a s e  
i n  expense. Other a r e a  c o n t r o l  schemes based on h i s t o r i c a l  d a t a  
have been developed ( 1 4 ) ,  b u t  few s e t  o u t  t o  p a r t i c u l a r l y  f avor  one 
d i r e c t i o n .  For an a l t e r n a t i v e  s i g n a l  t iming s t r a t e g y  , t h e  combina- 
t i o n  method ( 7 )  seems t o  have been s u c c e s s f u l  i n  t h e  Glasgow 
(Scot land)  experiments.  With many more days of e v a l u a t i o n ,  t h i s  
method could have been compared wi th  t h e  method used i n  t h i s  p r o j e c t .  

The fo l lowing p o i n t s  summarize t h e  a p p l i c a t i o n s  and l i m i t a t i o n s  
t o  o t h e r  p r o j e c t s  from t h i s  r e s e a r c h :  

1. Real-time t r a f f i c  s i g n a l  c o n t r o l  remains as a  
p o s s i b l e  method of reducing t r a v e l  time on an 
a l t e r n a t e  r o u t e  t o  t h e  Freeway. 

2 .  For p re fe rence ,  it should be a p p l i e d  where t h e  
a l t e r n a t e  r o u t e  i s  a s i n g l e  a r t e r i a l  road 
p a r a l l e l  t o  t h e  Freeway. I n  t h i s  case ,  a  
c o n s i s t e n t  o f f s e t  s t r a t e g y  f o r  a l l  i n t e r s e c t i o n s  
could be employed. 

3 .  Plore than  one s i g n a l  t iming s t r a t e g y  should be 
eva lua ted .  

4 .  For a  s h o r t  term e v a l u a t i o n ,  a e r i a l  photography 
should  be  c a r r i e d  o u t  f o r  n o t  l e s s  than four  
days f o r  each hour o f  o p e r a t i o n  and f o r  each 
c o n t r o l  s t r a t e g y  i n c l u d i n g  t h e  e x i s t i n g  one. 

5. S ince  c o n t r o l  of s i g n a l s  would probably be  by 
te lephone l i n e  p a i r s  from t h e  Contro l  Center  t o  
t h e  f i e l d  s i t e ,  e x t r a  loop d e t e c t o r s  p laced on 
t h e  i n t e r s e c t i o n  approaches and e x t r a  te lephone 
l i n e s  should be l e a s e d  t o  i n c r e a s e  d e t e c t i o n  
c a p a b i l i t i e s .  

6 .  Where d e t e c t o r s  cannot  be  provided f o r  a l l  i n t e r -  
s e c t i o n s ,  manual count ing  w i l l  be s a t i s f a c t o r y ,  
providing no t  more than about  t h r e e  i n t e r s e c t i o n s  
a r e  r e q u i r e d  t o  be  covered by any one obse rve r .  
F ive-cycle  counts  a r e  a  s u i t a b l e  per iod  and 
count ing  should be  r o t a t e d  a t  i n t e r s e c t i o n s  of  
two-way s t r e e t s  . 

7 .  F l o a t i n g  c a r  methods should  be used t o  supplement 
t h e  a e r i a l  photography and f o r  long term e v a l u a t i o n .  
The former method i s  p a r t i c u l a r l y  impor tant  when 
high b u i l d i n g s  o r  d u l l  l i g h t  w i l l  obscure t h e  
photographic  r e s u l t s .  



8. The r e l a y  assemblies  i n  t h i s  experiment  per formed.  
very  w e l l ,  b u t  i n  any f u t u r e  p r o j e c t ,  p a r t i c u l a r  
a t t e n t i o n  should be  g iven  t o  l o c a t i n g  and c o r r e c t i n a  
any i n t e r s e c t i o n s  going o u t  of  computer c o n t r o l .  

9 .  For key i n t e r s e c t i o n s  o u t  of computer c o n t r o l ,  
a l t e r n a t i v e  t iming p l ans  shou1.d be  developed t o  
minimize adverse  e f f e c t s  from t h e  l o s s  of  c o n t r o l .  

REVISION OF W 4 P  METERING CALCULATIONS 

This  i n v e s t i g a t i o n  has shown t h a t  v e h i c l e s  do show 'a tendency 
t o  slow down between d e t e c t o r  s t a t i o n s .  On t h e  Lodge Freeway, and 
probably on o t h e r  freeways, d e t e c t o r s  have been p laced  well away 
from e n t r y  ramps and p o s i t i o n s  of conges t ion  s o  t h a t  t h e   condition,^ 
measured w i l l  no t  be confused by much l a n e  changing and t o  r e p r e s e n t  - 
f ree- f lowing  c o n d i t i o n s .  A moving v e h i c l e  s tudy  has  shown how t h e  
tendency t o  slow down can be  allowed f o r  i n  c a l c u l a t i o n s  of  average 
speed and s t o r a g e  from d e t e c t o r  d a t a .  That  i s ,  a  c o n s t a n t  should be  
in t roduced  which j o i n t l y  r e p r e s e n t s  t h e  two d e t e c t o r  s t a t i o n s  fornzing 
t h e  boundaries  of a freeway s e c t i o n .  

The a e r i a l  photography s tudy  showed t h a t  t h e  p ropor t i on  of 
t r u c k s  i n  t h e  s t ream dec reases  du r ing  t h e  a f t e rnoon  peak per iod ,  
and it was p o s s i b l e  t o  show t h a t  t h e  average  v e h i c l e  l e n g t h  had 
decreased .  S ince  t h e  r educ t ion  i n  t h e  p ropor t i on  of  t r u c k s  seemed 
t o  cease  a f t e r  about  4:30 p.m., t h e  c o n s t a n t  r e p r e s e n t i n g  t h e  de- 
t e c t e d  l e n g t h s  ( a s  above) should t a k e  two v a l u e s ,  one b e f o r e  and one 
a f t e r  4 :30  p.m. The need f o r  c a r e f u l  c a l i b r a t i o n  of  t h e  volume/occu- 
pancy r e l a t i o n s h i p  has  been s t r o n g l y  demonstrated and t h i s  a p p l i e s  
t o  a l l  freeways wi th  meter ing c o n t r o l .  

With regard  t o  e v a l u a t i o n  of t r a v e l  times b e f o r e  and a f t e r  
t h e  c e s s a t i o n  of  ramp meter ing,  no s i g n i f i c a n t  d i f f e r e n c e s  were 
observed a f t e r  t h e  f i r s t  f o u r  days.  However, t h e  a b i l i t y  of  
m o t o r i s t s  t o  f i n d  uncongested r o u t e s  w i t h o u t  t h e  a i d  of  s i g n s  has  
been demonstrated be fo re .  This s u g g e s t s  t h a t  t h e  r e a l  merit of 
dynamic s i g n s  might be t o  warn m o t o r i s t s  of  unexpected o r  unusual  
de l ays  r a t h e r  than  normal conges t ion .  

RAMP METERING HARDWARE CHANGES TO INCREASE OBEDIENCE 

De tec t ion  of t h e  presence  of  a  w a i t i n g  v e h i c l e  i s  e s sen t i a l .  
t o  t h e  o p e r a t i o n  of  t h e  meter ing system s i n c e  t h e  s t a t i c  s t a t e  of 
t h e  ramp s i g n a l  i s  r ed .  Thus, i t  remains r e d  u n t i l  a  v e h i c l e  i s  
sensed ,  and t h e  s i g n a l  cyc l e s  through t o  t h e  green  d i s p l a y .  Motor- 
ists s topp ing  upstream of  t h e  d e t e c t i o n  zone could  w a i t  (depending 
on t h e i r  p a t i e n c e  and t h e  p a t i e n c e  of  t hose  d r i v e r s  behind them) 
f o r  up t o  t h r e e  o r  f o u r  minutes .  The m o t o r i s t  would then  d r i v e  
through t h e  r e d  d i s p l a y  and, q u i t e  o f t e n ,  a  l i n e  of  d r i v e r s  behind 
him would fo l l ow .  

A s  t h e  q u e s t i o n n a i r e  s tudy  on t h i s  p r o j e c t  showed ( L O ) ,  t h e  
v a s t  ma jo r i t y  of  t h e  m o t o r i s t s  u t i l i z e  t h e  northbound Lodge Freeway 
almost  every day du r ing  t h e  t ime t h e  system i s  o p e r a t i n g .  Thus, i f  
a  s i g n a l  remained r e d  f o r  a  long  p e r i o d  o f  t ime ,  t h e  motorist .  might 
s p e c u l a t e ,  through p a s t  exper ience ,  t h a t  something was wrong and 
t h a t  t h e  equipment was probably mal func t ion ing .  Although t h e  . 
i n d i v i d u a l  d r i v e r  might no t  know t h a t  t h e  maximum red  d i s p l a y  t ime 
i s  20  seconds,  he may have a  s u b j e c t i v e  i d e a  on t h e  l e n g t h  of  t h e  



display through h i s  exper ience  and he would, t h e r e f o r e ,  proceed 
through t h e  r e d  s i g n a l .  Also,  it should  be remembered t h a t  t h e r e  
i s  o f t e n  p r e s s u r e  on t h e  l e a d  d r i v e r  t o  move from t h e  d r i v e r s  
behind.. I n  a d d i t i o n ,  i t  i s  a common s o c i a l  phenomenon f o r  a  group 
t o  follow t h e  l e a d  i.f a d e c i s i o n  i s  made by another  person;  t h u s  
t h e r e  a r e  m u l t i p l e  v i o l a t i o n s .  



CHAPTER 5 
COlJCLUS IONS 

This  r e p o r t  has ,  f o r  t h e  most p a r t ,  d i scussed  s e p a r a t e l y  t h e  
f i v e  p o s s i b l e  improvements t o  t h e  l e v e l  of s e r v i c e  of  t r a f f i c  flow 
i n  a  freeway c o r r i d o r .  Two of t h e  improvements, . t r a f f i c  s i g n a l  
c o n t r o l  and t h e  d i v e r s i o n  of t r a f f i c  p a s t  i n t e r s e c t i o n s  p o s s i b l y  
blocked by ramp queues,  have been concerned wi th  t h e  s u r f a c e  s t r e e t s  
of t h e  c o r r i d o r .  The remainder involve  t h e  c o n t r o l  of t r a f f i c ;  
e n t e r i n g  t h e  freeway and thus  a t t empt  t o  reduce any freeway o r  ramp 
conges t ion .  

Improvements t o  t h e  l e v e l  of s e r v i c e  on s u r f a c e  s t r e e t s  was, 
i n  g e n e r a l ,  n o t  ob ta ined .  The fo l lowing  s p e c i f i c  conclus ions  have 
been reached: 

1. The a p p l i c a t i o n  of r ea l - t ime  t r a f f i c  s i g n a l  c o n t r o l  
r e s u l t e d  i n , ' f o r  t h e  f i r s t  hour of t h e  four-hour 
peak pe r iod ,  a  19% i n c r e a s e  i n  t o t a l  t r a v e l  time on 
t h e  s u r f a c e  s t r e e t  network f o r  a  f ixed  amount of  
t r a v e l .  I n  t h e  second hour t h e r e  was a l s o  an 
i n c r e a s e ,  11%, and on ly  i n  t h e  t h i r d  hour was t h e r e  
a  dec rease ,  1%. No r e s u l t  was obta ined f o r  t h e  
four t l l  hour.  

2 .  The i n c r e a s e s  were p a r t l y  due t o  t h e  i n c l u s i o n  i n  
t h e  "before"  measurements of one day o u t  of on ly  
two where t h e  average speeds were unusual ly  h igh.  
There was a l s o  a  number of  i n t e r s e c t i o n s  where 
computer c o n t r o l  could n o t  be obta ined;  t h i s  l e d  
t o  a  l o s s  of p rogress ion  on t h e  main a l t e r n a t e  
r o u t e .  

3 .  Considering only t h e  l i n k s  on t h e  a l t e r n a t e  r o u t e  
network where p rogress ion  could be ob ta ined ,  a  5% 
i n c r e a s e  i n  average speed was obta ined dur ing  t h e  
t h i r d  hour of t h e  peak pe r iod .  This was a  
hea r t en ing  r e s u l t  because conges t ion  i s  normally 
a t  i t s  h i g h e s t  l e v e l  a t  t h i s  t i m e .  

4 .  There was a  s i g n i f i c a n t  r e d u c t i o n  from 52% t o  4 0 %  
i n  t h e  p r o b a b i l i t y  of having t o  s t o p  a t  a  c o n t r o l l e d  
i n t e r s e c t i o n  and t h e  average stopped time was 
reduced by 4 8 % .  

5.  The v a r i a b l e  message s i g n  on West Grand Boulevard , 
was i n e f f e c t i v e  i n  p reven t ing  congest ion a t  t h e  
i n t e r s e c t i o n  of  Grand wi th  t h e  E a s t  Lodge S e r v i c e  
Drive by d i v e r t i n g  freeway u s e r s  t o  an a l t e r n a t e  
r o u t e .  

6 .  Despi te  t h e  l o c a t i o n  of t h i s  s i g n  between t h e  on- 
ramp and t h e  primary t r a f f i c  genera to r  i n  t h e  a r e a ,  
only  21% of t h e  ramp use r s  had passed t h e  s i g n .  

7. Dr ivers  d i sp layed  l i t t l e  o r  no obedience t o  t h e  
va r ious  messages p resen ted  by t h e  s i g n .  

8.  S i g n i f i c a n t  obedience a l s o  could n o t  be d e t e c t e d  
f o r  t h e  t h r e e  s i g n s  on Hamilton Avenue, Davison 
S e r v i c e  Drive and Davison Expressway t o  d i v e r t  
t r a f f i c  away from t h e  Davison ramp. This  con- 
c l u s i o n  does n o t  agree  wi th  previous  s t u d i e s  ( 9 ,  1 0 )  
of t h e  e f f e c t i v e n e s s  of t h e s e  s i g n s .  Never the less ,  
i t  i s  considered  t h a t  t h e  s t r e e t s  t o  t a k e  t h e  
d i v e r t e d  t r a f f i c  (mainly Twelfth S t r e e t )  a r e  not. 
a t t r a c t i v e  t o  m o t o r i s t s .  



These conclusions sugges t  t h a t  s i g n s  f o r  use with freeway rl 

con t ro l  be c a r e f u l l y  designed s o  t h a t  they a r e  seen,  understood 
and obeyed by motor i s t s  in tending t o  use the  freeway. 

Fur ther  experimentat ion i s  requi red  t o  j u s t i f y  s i g n a l  c o n t r o l  
i n  a co r r idor .  I t  is  suggested t h a t  another  s i t e  be found where 
t h e r e  i s  only one a l t e r n a t e  r o u t e  t o  t h e  freeway. The c o n t r o l  
equipment could be s i m i l a r  t o  t h a t  used i n  t h e  p resen t  p r o j e c t ,  b u t  r 

b e t t e r  safeguards a r e  needed t o  minimize t h e  e f f e c t  on any maP- 
funct ion  f o r  one o r  more of t h e  i n t e r s e c t i o n s .  Control  on a  r e a l -  
time b a s i s  should be attempted t o  a  g r e a t e r  e x t e n t  wi th  a t  l e a s t  one 
loop d e t e c t o r  placed on each l i n k .  

Somewhat b e t t e r  r e s u l t s  were obta ined f o r  t h e  t h r e e  improve- 
ments i n  ramp metering con t ro l .  S p e c i f i c a l l y ,  t h e  fol lowing con- 
c lus ions  have been drawn: 

1. Vehicles slow down near merging a reas  b u t  d e t e c t o r  
s t a t i o n s  placed away from ramps can and should al low 
f o r  t h i s  r e t a r d a t i o n  whenever s t o r a g e  o r  t r a v e l  time 

, i s  being est imated between s t a t i o n s .  
2 .  Normal changes i n  t h e  propor t ion  of  t rucks  dur ing  

a  peak period a f f e c t  the  average vehicxe l eng th  
measured a t  d e t e c t o r  s t a t i o n s .  

3 .  -The permanent cessa t ion  of ramp metering and t h e  
information system showed t h a t  motor i s t s  haye t h e  
a b i l i t y  t o  f ind  uncongested rou tes .  The value of 
freeway c o r r i d o r  c o n t r o l  i s  t h e r e f o r e  probably 
g r e a t e s t  i n  t h e  event  of unusual o r  unexpected 
de lays .  

4 .  Obedience t o  the  ramp s i g n a l s  was q u i t e  s a t i s -  
f a c t o r y ,  e s p e c i a l l y  when wa i t ing  veh ic les  could be 
de tec ted  with c e r t a i n t y .  

5. The a d d i t i o n a l  lane  on t h e  Freeway between Davison 
and Linwood ramps was used t o  a  cons iderable  e x t e n t  
by through t r a f f i c .  The method of  metering should 
be modified where t h e r e  i s  only a s h o r t  length  of 
a d d i t i o n a l  l ane  so t h a t  t r a f f i c  demand does no t  
exceed capaci ty  when t h e  e x t r a  l a n e  is  dropped. 

The method of ramp metering has been s t i l l  f u r t h e r  improved 
a s  a r e s u l t  of t h i s  p r o j e c t .  Given proper c a l i b r a t i o n  of t h e  f r e e -  
way d e t e c t o r s ,  i t  i s  d i f f i c u l t  t o  imagine a  more c o s t - e f f e c t i v e  
system than t h i s  one. Elaborate experiments t o  a c t u a l l y  feed 
v e h i c l e s  i n t o  gaps i n  a  freeway l a n e  a r e  c u r r e n t l y  i n  progress .  
However, s h o r t  of automatic v e h i c l e  c o n t r o l ,  t h e r e  w i l l  always be 
a  problem of fo rc ing  the  caut ious  d r i v e r  t o  accept  a  p a r t i c u l a r  gap. 
I n  t h i s  p r o j e c t ,  t h e  method of metering one v e h i c l e  a t  a  time has 
always operated s a f e l y  and e f f i c i e n t l y ,  y e t  f o r  only a  f r a c t i o n  of 
t h e  c o s t .  
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EQUIPMENT AND PHYSICAL COMPONENTS . 

Dynamic t r a f f i c  c o n t r o l  f o r  t h e  John C .  Lodge Freeway Corr idor  
was accomplished by means of an ongoing informat ion  "feedback" 
system. T r a f f i c  flow f o r  t h e  s e c t i o n  of t h e  Freeway Cor r idor  under 
c o n t r o l  was measured by e l e c t r o n i c  d e t e c t o r s .  The d a t a  ob ta ined  
from t h e s e  dev ices  were cont inuously  rece ived  dur ing  t h e  four-hour 
a f t e rnoon  peak pe r iod  ( 2 : 3 0  p.m. t o  6:30  p.m.) a t  a  c o n t r o l  c e n t e r  
which housed t h e  e l e c t r o n i c  d i g i t a l  computing system e s s e n t i a l  f o r  
p rocess ing  and assessment o f  t h e  d a t a  and c o n t r o l  of t h e  in - , f i e ld  
equipment. The feedback-contro l  process  i s  d e p i c t e d  i n  Figure  A-1 
below. 

i 
I TR4FFIC FLOW 

I 

FIGURE A - 1  
BLOCK DIAGRAM SHOWING REAL-TINE SYSTEM LOGIC 

A d i g i t a l  computing system ( i n  t h i s  i n s t a n c e  an IBll 1800 
computer) i s  both e s s e n t i a l  and p e r f e c t  f o r  t h e  r e a l - t i m e  c o n t r o l  
of t r a f f i c .  A s  t h e  f i e l d  system grows i n  s i z e ,  such a  system can 
match t h i s  growth by a p p r o p r i a t e  i n c r e a s e s  i n  i t s  c a p a b i l i t y .  Also,  
a s  new t r a f f i c  f low t h e o r i e s  develop,  o r  a s  o l d e r  ones a r e  im]?roved, 
t h e  assessment f u n c t i o n  can be updated through programming r e v i s i o n s .  
Thus, whi l e  t h e  computer system i s  e s s e n t i a l  t o  compile and a s s e s s  
t h e  v a s t  q u a n t i t i e s  of d a t a  involved i n  a  r ea l - t ime  freeway c o n t r o l  
system, it a l s o  has t h e  d e s i r a b l e  f e a t u r e  o f  be ing f l e x i b l e  enough 
t o  develop wi th  t h e  c o n t r o l  system. 

Measurement and c o n t r o l  o p e r a t i o n s  i n  t h e  Lodge Corr idor  were 
performed by both  f i e l d  and o f f i c e  equipment. The p h y s i c a l  com- 
ponents  of t h e  f u l l  t r a f f i c  c o n t r o l  and informat ion  system a r e  
shown i n  Figure  A - 2 .  A l l  a s p e c t s , e x c e p t  t h e  t r a f f i c  s i g n a l  con- 
t r o l l e r s t a r e  desc r ibed  i n  g r e a t e r  d e t a i l  i n  o t h e r  r e p o r t s  on . this  
p r o j e c t  ( T T I  f i n a l  r e p o r t )  , (TrS-3) , (TrS-4) ; however, a b r i e f  
review i s  p resen ted  h e r e  f o r  t h e  convenience of t h e  r e a d e r .  

The t r a f f i c  d e t e c t o r  system was t h e  major source  of  flow 
measurement i n p u t  t o  t h e  system. Informat ion  ob ta ined  by t h e s e  
dev ices  was conveyed t o  t h e  Contro l  Center  by means of l e a s e d  
Michigan B e l l  Telephone l i n e s  which connect  t o  an e l e c t r i c a l  r e l a y  
i n t e r f a c e  ( swi tch)  ( 2 4  v o l t s ,  DC,  double p o l e ,  double th row) .  The 
i n t e r f a c e  t ransforms t h e  e l e c t r i c a l  impulses c a r r i e d  by t h e  t e l e -  
phone l i n e s  i n t o  a  form usab le  by t h e  computer and sends  t h e  . 
messages t o  t h e  computer. A f t e r  p rocess ing  and assessment by t h e  
computer, t h e  a p p r o p r i a t e  c o n t r o l  f u n c t i o n  was s e n t  o u t  through a  





r e l a y  i n t e r f a c e ,  through ano the r  s e t  of Richigan B e l l  Telephoi~e 
l i n e s ,  t o  t h e  c o n t r o l  and in fo rmat ion  equipment i n  t h e . f i e l d .  The 
s i g n  and s i g n a l  equipment was then switched when necessary  and t h e  
in fo rmat ion  passed t o  m o t o r i s t s ~ b y  v i s i o n  messages. This  primary 
p rocess  was suppor ted  by a d d i t i o n a l  i n p u t  informat ion  (TrS-4) a s  
w e l l  a s  being s u b j e c t  t o  manual o v e r r i d e s  by t h e  system s u p e r v i s o r .  

The major i n s t a l l a t i o n  dur ing  t h i s  r e s e a r c h  phase was t h e  
i n t e r s e c t i o n  s i g n a l  c o n t r o l  equipment. The s i g n a l  con t ro l . l e r  equip- 
ment was purchased from Eagle S i g n a l  Company who o f f e r e d  the 'mos t  
s a t i s f a c t o r y  b i d  t o  s p e c i f i c a t i o n  recjuirements ( s e e  Appendix D ) . 
The u n i t  provided by Eagle c o n s i s t e d  of  t h r e e  r e l a y s  mounted on an 
aluminum panel  f o r  e a s e  of  i n s t a l l a t i o n  i n t o  t h e  c o n t r o l l e r  c a b i n e t .  
The asserci]c,ly a l s o  inc luded a  l a b e l e d  t e rmina l  s t r i p  which f a c i l i t a t e d  
f i e l d  hookup. These u n i t s  t i e d  d i r e c t l y  i n t o  t h e  e x i s t i n g  c i r c u i t r y  
i n  each c o n t r o l l e ~ :  u n i t .  Communication between t h e  Contro l  Center  
and each i n d i v i d u a l  c o n t r o l l e r  was, a s  i n  a l l  o t h e r  ins t ances , ,  
accomplished by us ing l eased  Michigan B e l l  Telephone l i n e s ,  The 
s i g n a , s  o r  commands s e n t  over  t h e s e  communication l i n e s  were analo-  
gous t o  t h e  cornr:lands a policeman would have given i f  he had been 
o p e r a t i n g  t h e  s i g n a l  manually. Thus, t h e  c o n t r o l l e r  was manipulated 
by means of a  process  s i m i l a r  t o  swi tch ing  t h e  c o n t r o l l e r  from 
automat ic  t o  manual c o n t r o l .  I n  both t h e s e  c a s e s ,  t h e  con t roLle r  
d i a l  cont inued t o  r o t a t e  b u t  had no r e g u l a t o r y  e f f e c t  on t h e  s i g n a l  
d i s p l a y . .  The s i g n a l  was changed by a c t u a t i n g  t h e  so leno id  which i n  
t u r n  moves t h e  cam. 

The s t a t u s  of t h e  s i g n a l  was cont inuously  monitored dur ing  t h e  
pe r iod  it was i n  main s t r e e t  green.  This  check provided assu rances  
t h a t  t h e  s i g n a l  was o p e r a t i n g  p roper ly  under computer c o n t r o l , ,  
However, i f  it was d iscovered t h a t  t h e  c o n t r o l  was n o t  o p e r a t i n g  
c o r r e c t l y ,  s i g n a l  c o n t r o l  was immediately r e tu rned  t o  t h e  l o c a l  con- 
t r o l l e r .  The accomplishment of  t h i s  swi tch  of c o n t r o l  p resen ted  no 
problem, a l though a  longer  than usua l  main s t r e e t  green phase could 
a t  t imes  occur .  

A schemat ic  i d e n t i f y i n g  t h e  components necessary  f o r  conlputer 
c o n t r o l  of  i n d i v i d u a l  t r a f f i c  s i g n a l s  i s  shown i n  Figure  A - 3 .  Note 
t h a t  t h e  t h r e e  f i e l d  r e l a y s  a r e  matched wi th  t h r e e  o f f i c e  r e l a y s .  
One of  t h e s e  r e l a y  s e t s  provided an i n t e r f a c e  between t h e  conununi- 
c a t i o n  l i n e s  and t h e  c o n t r o l l e r  whi l e  t h e  o t h e r  provided an i n t e r -  
f a c e  between t h e  computer and t h e  communication l i n e s .  The communi- 
c a t i o n  l i n e s  c o n s i s t e d  of two p a i r s  of  two conductors .  These were 
rou ted  s o  a s  t o  t e rmina te  a t  one end a t  t h e  s i t e  of t h e  computer 
(Con t ro l  C e n t e r ) ,  wh i l e  t h e  o t h e r  end terminated  a t  each i n d i v i d u a l  
c o n t r o l l e r  c a b i n e t  where they were t i e d  i n t o  t h e  r e l a y  assembl.ies 
by exper ienced s i g n a l  c o n t r o l l e r  t e c h n i c i a n s  ( i n  t h i s  i n s t a n c e ,  
employees of e i t h e r  t h e  C i t y  of  D e t r o i t  Pub l i c  L igh t ing  Commission 
o r  t h e  Wayne County Road Commission). S t a f f  personnel  performed 
a l l  of  t h e  work r e q u i r e d  a t  t h e  Contro l  Center .  The work was 
t e d i o u s  because of t h e  l a r g e  amounts of  e l e c t r i c a l  wi r lng  r e q u i r e d  
and, t h e r e f o r e ,  was complete6 i n  s t a g e s  r a t h e r  than f i n i s h i n g  each 
i n d i v i d u a l  i n t e r s e c t i o n  b e f o r e  proceeding t o  t h e  nex t .  Thus, t h e  

, r e l a y  assembl ies  and mounting board were b u i l t ,  wired and connected 
t o  t h e  t e rmina l  s t r i p s ,  then  t h e  communication l i n e s  were connected 
t o  t h e  t e rmina l  s t r i p s ,  and f i n a l l y ,  t h e  u n i t s  were t i e d  i n t o  t h e  
computer. The f i e l d  work proceeded concur ren t ly .  Relays were n o t  
i n s t a l l e d  i n  t h e  o f f i c e  u n i t s  dur ing  t h i s  per iod  a s  a  s a f e t y  
measure t o  avoid p o s s i b l e  a c t i v a t i o n  o f  t h e  f i e l d  t r a f f i c  s i g n a l s .  

Before any i n s t a l l a t i o n  work began, a  p ro to type  system was 
c o n s t r u c t e d  and t e s t e d  i n  t h e  Contro l  Center .  A system i n  





m i n i a t u r e  was c o n s t r u c t e d  which connected t h e  t r a f f i c  s i g n a l  con- 
t r o l l e r  p r o t o t y p e  t o  t h e  computer which s tepped i t  through t h e  r' 

a p p r o p r i a t e  phases .  I t  opera ted  p e r f e c t l y .  A second t e s t  was 
performed on a  group of t e n  s i g n a l s  a f t e r  a l l  t h e  f i e l d  and o f f i c e  
work was completed on t h e  e n t i r e  s e t  of t r a f f i c  s i g n a l s .  A p o l i c e  
o f f i c e r  was p r e s e n t  i n  t h e  f i e l d  i n  c a s e  of a  malfunct ion .  Each 
i n d i v i d u a l  s i g n a l  was s t epped  through a  few c y c l e s  by commands from 
t h e  C:ontrol Center  arid each s i g n a l  opera ted  p roper ly  a t  t h a t  t ime.  
Despi te  t h i s  1008 t r i a l  s u c c e s s ,  t h e  system opera ted  only 75% 
s u c c e s s f u l l y  dur ing  t h e  f u l l  o p e r a t i o n a l  pe r iod .  An average of 
seven s i g n a l s  d i d  n o t  o p e r a t e  p roper ly  on each of t h e  e i g h t  days t h e  
f u l l  system was o p e r a t i o n a l .  I n  one c a s e ,  on t h e  day be fo re  t h e  
system was turned on,  an a c c i d e n t  occurred  a t  one i n t e r s e c t i o n  and 
t h e  c o n t r o l l e r  c a b i n e t  and po le  were h i t  and p h y s i c a l l y  damaged. 
The r e l a y  assembly was a l s o  damaged and was n o t  r e p a i r e d  u n t i l  s i x  
of t h e  e l g h t  days t h e  system was on had passed.  I t  d i d ,  however, 
o p e r a t e  p e r f e c t l y  on t h e s e  l a s t  two days.  There were 11 o t h e r  
i n t e r s e c t i o n s  t h a t  d id  n o t  work a t  one t i m e  o r  ano the r .  However, 
every  one of  t h e  s i g n a l s  i n  t h e  e n t i r e  s e t  d i d  work f o r  some p o r t i o n  
s f  t ime.  Since  t h e  11 d i d  o p e r a t e  p roper ly  a t  t imes ,  and t h e  o t h e r s  
opera ted  p roper ly  a l l  t h e  t ime,  t h e  work comp-leted i n  t h e  f i e l d  and 
a t  t h e  Contro l  Center  was assumed t o  be c o r r e c t .  The i n t e r m i t t e n t  
problem was t r a c e d  t o  problems i n  t h e  swi tching and r e l a y  appara tus  
of t h e  l e a s e d  communication l i n e s .  The r e l i a b i l i t y  of t h e  communi- 
c a t i o n s  s e r v i c e  was l e s s  than d e s i r a b l e .  I n  some'cases t h e  
probJem was i n t e r m i t t e n t  w i t h  s i g n a l s  be ing dropped from computer 
c o n t r o l  f o r  many one-minute i n t e r v a l s  over  a  four-hour pe r iod  ( t h e  
h i g h e s t  was 2 7  s e p a r a t e  m i n u t e s ) ,  wh i l e  i n  o t h e r  cases  t h e  c o n t r o l  
o p e r a t i o n  worked f i n e  f o r  one-half  t h e  pe r iod ,  then would drop o u t  
f o r  t h e  o t h e r  h a l f .  
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The primary o b j e c t i v e s  of t h e  sof tware  w r i t t e n  f o r  t h i s  pro- 
j e c t  were a s  fol lows:  

1. Metering of t h e  e i g h t  on-ramps. 
2 .  Control  of d r i v e r  informat ion  s i g n  network. 
3 .  Control  of s u r f a c e  s t r e e t  s i g n a l i z e d  i n t e r -  

s e c t i o n s  i n  t h e  Freeway Corr idor .  
4 .  Data c o l l e c t i o n  from t r a f f i c  d e t e c t i o n  dev ices .  
5. On-line system s t a t u s  log .  
I n  o rde r  t o  maintain minimum opera to r  i n t e r v e n t i o n  and maxi- 

mum system r e l i a b i l i t y ,  t h e  fo l lowing f e a t u r e s  were incorpora ted  
i n t o  t h e  system. 

1. The system p e r i o d i c a l l y  i n t e r r o g a t e d  i t s e l f  f o r  
t h e  success fu l  completion of  a l l  scheduled t a s k s .  
I f  a l l  t a s k s  were no t  completed, a system re load  
was forced.  

2 ,  Modificat ion t o  IBFl system sof tware  was necessary 
i n  o rde r  t o  save a l l  system v a r i a b l e s  i n  t h e  event  
of a  r e load .  

3 . '  A s p e c i a l  technique was developed t o  a l low "hands- 
o f f "  r e s t a r t i n g  of  t h e  system i n  t h e  even t  of  a  
normally non-recoverable f a i l u r e .  A l l  system 
v a r i a b l e s  were saved and a l l  time dependent func t ions  
were resynchronized.  

4 .  A pseudo-calendar technique  was employed t o  ensure  
t h a t  the  t r a f f i c  c o n t r o l  system was opera ted  only 
on weekdays. 

'  am^ Meterina 

The ramp metering system was opera ted  between t h e  hours of  
2:30 p.m. and 6 :30  p.m. For each metered ramp i n  t h e  system the re  
was an e x t e r n a l  c o n t r o l  which provided s e l e c t i o n  of one of  e i g h t  
p o s s i b l e  modes of  opera t ion .  These modes were a s  fol lows:  

1. Storage  of  rea l - t ime (same a s  Storage  number 2 ,  
except  t h a t  it was responsive  t o  t h e  ins tan taneous  
dynamic aspec t s  of t h e  t r a f f i c  p a t t e r n ) .  

2. S torage  (y ie lded  number of v e h i c l e s  t o  be allowed 
onto  Freeway i n  nex t  minute,  based upon t h e  number 
of v e h i c l e s  i n  t h e  s u b s e c t i o n ) .  

3 .  Demand capac i ty  (y ie lded  number of  v e h i c l e s  t o  
be allowed onto  Freeway i n  nex t  minute, computed 
from upstream flow and downstream occupancy). 

4 .  Fixed h i s t o r i c a l  r a t e s  ( t a b l e  look-up).  
5 .  Flinimum r a t e s  ( t a b l e  look-up) . 
6 .  Maximum r a t e s  ( t a b l e  look-up).  
7 .  Constant  green 
8 .  Off ( o p e r a t i o n a l l y  same a s  c o n s t a n t  g r e e n ) .  
A f t e r  s e l e c t i o n  of a  s t r a t e g y  was made f o r  each ramp, a  

bu t ton  was pushed which caused t h e  computer t o  sense  t h e  chosen 
mode f o r  each ramp. Acceptance of mode s e l e c t i o n  was dependent 
upon t h e  opera t ing  condi t ion  of  c e r t a i n  d e t e c t o r s  and s i g n a l s  . 
recjuired f o r  t h a t  p a r t i c u l a r  node. I f  c r i t i c a l  hardware f o r  a  
p a r t i c u l a r  mode was non-operat ive,  then  t h a t  mode was i n h i b i t e d .  
A s e a r c h  was then i n i t i a t e d  f o r  t h e  nex t  hardware demanding mode 



(note t h a t  t h e  metering modes were ar ranged i n  a  h ie ra rchy  of 
r e spons iveness ) .  Sach minute, based upon mode s e l e c t i o n  and hard- 
ware i n h i b i t i o n ,  t h e  appropr ia t e  d a t a  were t r a n s f e r r e d  t o  t h e  two 
metering subrou t ines :  bulk s e r v i c e  o r  one-at-a-time. 

The bulk s e r v i c e  subrou t ine  was used a t  t h e  West Grand 
Boulevard anti Davison on-ramps where t h e  a d d i t i o n  of another  l a n e  
provided e x t r a  c a p a c i t y  and allowed f o r  a  mare gradua.1 merging 
process.  A t  t h e s e  two high-service  ramps, a  30-second cyc le  was 
used. The normal cyc le  began on green f o r  a  minimum of 10 seconds 
and continued green u n t i l  t h e  d e s i r e d  number o f  v e h i c l e s  had en te red  
the  Freeway. The maximum green time f o r  t h e  c y c l e  was s e t  a t  25 
seconds, leaving a mininum of f i v e  seconds f o r  the  arnber-red cyc le  
(amber was f i x e d  a t  two seconds ) .  

The one-at-a-firne subrou t ine  se rv iced  a l l  of  the  remaining 
s i x  on-ramps. These s i g n a l s  were a l l  two-aspect wi th  t h e  except ion  
of t he  Livernois  on-ramp which had an amber phase. This  amber 
phase was hardwired t o  . the beginning of t h e  red phase (1 1 / 2  
seconds) and n o t  f u n c t i o n a l l y  c o n t r o l l e d  by t h e  computer. The normal 
cycle cons i s t ed  of 1 1 / 2  seconds of green and from 3 1 / 2  t o  18 1 / 2  
seconds of r ed ,  t h e  maximum cyc le  l e n g t h  being 20 seconds. The 
v a r i a b l e  red  time was computed from t h e  number of veh ic les  t o  be 
metered i n  t h e  minute and was i n t e g r a t e d  wi th  r e s p e c t  t o  demand on 
a dynamic b a s i s .  V i o l a t o r s  and v e h i c l e s  queued b u t  no t  de tec ted  . 
were a l s o  taken i n t o  account .  

I n  t h i s  one-at-a-time subrou t ine ,  t h e  s i g n a l  was changed t o  
green i f  t h e  computed red  time had expired  and i f  a  v e h i c l e  was 
wai t ing  i n  t h e  upstream d e t e c t o r .  The s i g n a l  was switched back t o  
red  when t h e  v e h i c l e  a r r i v e d  a t  t h e  downstream d e t e c t o r  a f t e r  a  
minimum of 1 1/2 seconds of green t ime had e lapsed .  In  t h e  s t o r a g e  
real- t ime mode t h e  s i g n a l  was changed t o  green i f  a  v e h i c l e  was 
wai t ing  and i f  e i t h e r  the  maximum r e d  time (18 1 / 2  seconds) had 
expired o r  i f  t h e  r ea l - t ime  s t o r a g e  was l e s s  than t h e  computed 
maximum. 

Driver Information Signs 

The d r i v e r  informat ion  s i g n s  were opera ted  i n  a  dynamic 
manner dur ing  t h e  per iods  of ramp meter ing ,  from 2:30 p.m. t o  
6:30 p.m. A t  o t h e r  t imes they opera ted  i n  a  s t a t i c  s t a t e .  These 
s igns  were made t o  i n d i c a t e  t h e  p r e f e r a b l e  r o u t e  t o  t h e  Freeway 
based upon d e t e c t i o n  of a c t u a l  queues on t h e  ramps and determinat ion  
of p o t e n t i a l  queues. The l a t t e r  was determined from reduct ions  i n '  
metering r a t e s  due t o  i n c r e a s e s  i n  demand f o r  t h e  Freeway and t h e  
r e s u l t i n g  h igher  volumes on t h e  Freeway. 

The s i g n s  were updated every  f i v e  minutes ( t o  coincide  wi th  
t h e  s i g n a l i z e d  i n t e r s e c t i o n  l o g i c )  based upon t h e  most r e c e n t l y  
c o l l e c t e d  minute d a t a .  A manual o p t i o n  was provided t o  i n h i b i t  t h e  
Freeway-data dependent a spec t  of t h e  informat ion  s i g n  l o g i c .  This 
was n e c e s s i t a t e d  by some incurab le  d e t e c t o r  malfunctions.  

Surface S t r e e t  I n t e r s e c t i o n  Contro l  

Contro l  of each s i g n a l  was i n i t i a t e d  a t  2:30 p.m. by a  procless 
which waited f o r  t h e  beginning of main s t r e e t  green (MSG). Upon 
de tec t ion  of t h i s  cond i t ion ,  t h e  computer acquired  t h e  s i g n a l  froin 
l o c a l  c o n t r o l .  I n  much t h e  same way a s  a  d i a l  change i s  made i n  a 
l o c a l  c o n t r o l l e r ,  t h e  computer extended t h e  MSG phase t o  synchonize 
with t h e  pseudo-dial  i n  t h e  computer. This  pseudo-dial  was based 
upon time i n  e x a c t l y  t h e  same way a s  i s  t h e  d i a l  i n  a  l o c a l  



c o n t r o l l e r .  The t imes f o r  s p l i t ,  o f f s e t ;  and c y c l e  were ob ta ined  
from h i s t o r i c a l  d a t a  f o r  each 15-minute segment of t h e  four-hour 
meter ing  pe r iod .  Within t h i s  15-minute segment, based on t h e  s t a t u s  
o f  t h e  in fo rmat ion  s i g n s ,  a  t a b l e  look-up was performed every f i v e  
minutes t o  f i n d  t h e  a s s o c i a t e d  h i s t o r i c a l  o f f s e t  modi f i ca t ion  t h a t  
favored t h e  p r e f e r r e d  r o u t e  t o  t h e  Freeway. Each o f f s e t  modi f i ca t ion  
was phased-in wi th  t h e  same extended MSG l o g i c  a s  t h e  d i a l  change 
desc r ibed  above. 

Con t ro l  was maintained a s  long a s  t h e  conf i rmat ion  p u l s e  was 
being rece ived  from t h e  c o n t r o l l e r .  Upon d e t e c t i o n  of  an out-of-  
correspondence conf i rma t ion  p u l s e ,  t h e  computer immediately r e l i n -  
quished t h e  s i g n a l  t o  l o c a l  c o n t r o l .  Any subsequent  sens ing  of a  
beginning of MSG from t h e  l o c a l  c o n t r o l l e r  caused r e i n i t i a t i o n  of 
computer c o n t r o l .  Any of  t h e  above malfunct ions  precluded a type- 
w r i t e r  message. 

A t  6 :30  p.m., a l l  s i g n a l s  s t i l l  under computer c o n t r o l  were 
s y s t e m a t i c a l l y  r e l e a s e d .  This  was accomplished by r e l i n q u i s h i n g  - 
cclntrol a t  t h e  beginning of  MSG, where upon t h e  l o c a l  c o n t r o l l e r  
would au tomat ica l ly  resynchronize  wi th  i t s  own d i a l .  

Data C o l l e c t i o n  

The b a s i c  d a t a  c o l l e c t e d  from t h e  t r a f f i c  s e n s o r s  were volume 
and occupancy. Volume d a t a  was gathered  by scanning a l l  d e t e c t o r s  
every 10'0 mi l l i seconds  f o r  an "end of v e h i c l e "  c a n d i t i o n .  Occupancy 
was computed by scanning t h e  Freeway and queue d e t e c t o r s  every  25 
mi l l i seconds  f o r  a  " v e h i c l e  p r e s e n t "  c o n d i t i o n .  A 1 1  d a t a  were 
c o l l e c t e d  i n  one-minute samples and w r i t t e n  i n  a  d i s k  f i l e  f o r  l a t e r  
a n a l y s i s ,  A t  t h e  end of each minute,  t h e  d a t a  c o l l e c t e d  were used 
on- l ine  f o r :  

1. f i e l d  equipment malfunct ion  a n a l y s i s  
2.  computation of metering parameters  
3 .  de te rmina t ion  of  informat ion  s i g n  s t a t e s  and 

pursuan t  i n t e r s e c t i o n  s i g n a l .  s p l i t s  and o f f s e t s  
4 .  s e l e c t a b l e  dynamic informat ion  d i s p l a y  

On-Line System S t a t u s  Loq 

The fo l lowing  informat ion  was a v a i l a b l e  on- l ine  i n  t h e  form 
of a  t y p e w r i t t e n  log :  

1. Metering mode s e l e c t i o n  change. 
2 .  I n t e r n a l  metering o v e r r i d e .  
3 .  Data t o  d i s k  messages ( s t a r t e d ,  suspended, o v e r l a p p e d ) ,  
4 .  De tec to r s  down o r  Sack i n  s e r v i c e  (accompanied by 

an aud ib le  alarm which requ i red  o p e r a t o r  a c t i o n  
t o  s i l e n c e )  . 

5. I n t e r s e c t i o n  and ramp s i g n a l s  down o r  hack i n  
s e r v i c e  messages (accompanied by an a u d i b l e  alarm 
which requ i red  o p e r a t o r  a c t i o n  t o  s i l e n c e ) .  

6. Date incrementa t ion .  
7. On r e q u e s t - - l i s t  of a l l  d e t e c t o r s  and s i g n a l s  

down wi th  e l apsed  down-time. 
8. On request-- t ime of day i n  hours ,  minutes and seconds 

( t o  t h e  n e a r e s t  second) . 



SYSTE2I DISCUSSION 

Prograrnminq 

The o p e r a t i n g  system (F igu re  B-1)  c o n s i s t e d  of two major  
s e c t i o n s :  a  c o r e - r e s i d e n t  a r e a  and an o v e r l a y  a r e a  (VC) . The 
c o r e - r e s i d e n t  a r e a  con ta ined  inpu t -ou tpu t  d r i v e r s ,  a  common communi- 
c a t i o n s  a r e a  ( I / C ) ,  a p roces s  c o n t r o l  moni tor ,  and miscellaneous 
user-and sys tem-requi red  s u b r o u t i n e s .  The o v e r l a y  a r e a  al lowed f o r  
a p r i o r i t y  s chedu l ing  and v i r t u a l l y  u n l i m i t e d  program l e n g t h .  Rou- 
t i n e s  u s ing  t h e s e  a r e a s  were manipula ted  by t h e  fo l l owing  IBI? l i n k -  
age c r e a t i n g  s u b r o u t i n e s :  

CHAIN - Routine which al lowed t h e  user t o  l i n k  two 
c o r e l o a d s  by o v e r l a y i n g  t h e  c a l l i n g  program 
w i t h  t h e  c a l l e d  program 

QUEUE - Routine which al lowed f o r  p r i o r i t y  s c h e d u l i n g  
o f  programs t o  be  subsequen t ly  c a l l e d  f o r  
e x e c u t i o n  i n  t h e  o v e r l a y  a r e a  by t h e  VIAQ 
r o u t i n e  

V ~ A Q  - Rout ine  which al lowed e x e c u t i o n  o f  c o r e l o a d s  
based upon t h e i r  queue p r i o r i t y  

LEVEL - Routine which al lowed f o r  p r i o r i t y  s c h e d u l i n g  
o f  programs i n  t h e  c o r e - r e s i d e n t  a r e a  

COUNT - Rout ines  which al lowed f o r  e x e c u t i o n  o f  pro- 
TItIER grams a f t e r  a  s p e c i f i e d  i n t e r v a l  o f  time has  

e l a p s e d .  

Process  Con t ro l  Sof tware  

The fo l l owing  d i s c u s s i o n  is  provided  a s  a  p r e f a c e  t o  t h e  
accompanying f l o w c h a r t s  . 

O v e r a l l  system flow - This  shows i n i t i a l i z a t i o n  and 
p e r p e t u a t i o n  of  t h e  system 

RSTAR, RESTR (F igu re  B-2)  - The purpose  o f  t h e s e  c o r e l o a d s  
was t~ e n a b l e  t h e  sys tem t o  r e c o v e r  from i n t e r n a l  malfunc- 
t i o n s  a u t o m a t i c a l l y  w i thou t  any o p e r a t o r  i n t e r v e n t i o n  and, 
more important-, w i thou t  any i n t e r r u p t i o n  i n  t h e  me te r ing  
and s i g n a l - c o n t r o l  system. 

COLDS (F igu re  B-3)  - The purpose  o f  t h i s  c o r e l o a d  was' 
t o  i n i t i a l i z e  t h e  system f o r  cont inuous  o p e r a t i o n .  

COMP (F igu re  B - 4 )  - This  co re load  checked a l l  t h e  d e t e c -  
t o r s  and made t h e  neces sa ry  computat ions f o r  t h e  
me te r ing  co re load .  H i s t o r i c a l  me te r ing  r a t e s ,  
s p l i t s ,  and o f f s e t s  were r e a d  i n  when needed. 

MTRNG (F igu re  B-5)  - Thi s  co re load  computed t h e  me te r ing  
rates,  determined d i a l  s e t t i n g s ,  and c o n t r o l l e d  t h e  
i n f o r m a t i o n  s i g n s .  The me te r ing  mode was a l s o  
de te rmined  u s i n g  d e t e c t o r  ma l func t ion  in fo rma t ion  
from COMP . 

MLINE (F igu re  B-6) - Thi s  co re load  d i d  a l l  t h e  communi- 
c a t i o n  w i t h  t h e  o p e r a t o r ,  i n  t h e  form of  a  type-  
w r i t e r  l o g .  Also ,  t h e  l a s t  m i n u t e ' s  d a t a  was 
b u f f e r e d  t o  d i s k  i n  t h i s  c o r e l o a d .  

DROUT (F igu re  B-6)  - Thi s  c o r e l o a d  o u t p u t t e d  t h e  
d i g i t a l  d i s p l a y  i n fo rma t ion  a s  r e q u e s t e d  th rough 
three r o t a r y  s w i t c h e s  on the d i s p l a y  p a n e l .  
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CRSY S , 
LEVCK (F igure  0-7) - These r o u t i n e s  checked f o r  

s u c c e s s f u l  completion of a l l  scheduled t a s k s  
dur ing  the  previous  pe r iod ;  I f  a l l  t a s k s  were 
n o t  completed, then a  system re load  was forced 
on t h e  assumption of an i n t e r n a l  malfunction. 

OCCOL (Figure  B-6) - This r o u t i n e  c o l l e c t e d  occupancy 
informat ion .  

COLMT (Figure  B-9) - This  r o u t i n e  c o l l e c t e d  volume 
informat ion ,  performed ramp meterirlg, and 
performed s i g n a l  d i a l  s tepping . 

''AT* (Figure  8-10)  
MlSPC 
TWOCY (Figure  B - 1 1 )  - These r o u t i n e s  were used by 

- COLMT - f o r  t h e  l o g i c  f o r  ramp s i g n a l  c o n t r o l  
a t  t h e  th ree -aspec t  one-at-a-time, and bulk 
s e r v i c e  ramps, r e s p e c t i v e l y .  

CIPTAC 
TAC (Figure  B-12) - These r o u t i n e s  c o n t r o l l e d  t h e  

t r a n s f e r  of d a t a  from t h e  previous  minute t o  an 
ou tpu t  b u f f e r  f o r  l a t e r  t r a n s f e r  t o  d i s k  by - JlLINE - 
Also, - CLTAC - synchronized a l l  time dependent 
f u n c t i o n s .  

POWON (Figure  B-13) - This r o u t i n e  c o n t r o l l e d  t h e  t ime 
a t  which t h e  metering and s i g n a l i z e d  i n t e r s e c t i o n  
c o n t r o l  system was ac tua ted  i n  t h e  f i e l d .  

LAYIN (Figure  B - 1 4 )  - This r o u t i n e  phased-in t h e  d i a l -  
s e t t i n g s  a s  determined i n  - MTRNG -. A t  2:30 p.m. - TOVER - was c a l l e d .  A t  6:30 p.m. - BZOFF - was 
c a l l e d .  

TOVER (Figure  R-15) - This r o u t i n e  s y s t e m a t i c a l l y  took 
c o n t r o l  of t h e  i n t e r s e c t i o n  s i g n a l s .  

BZOFF (Figure  B-16) - This r o u t i n e  s y s t e m a t i c a l l y  
r e l i n q u i s h e d  c o n t r o l  of  t h e  i n t e r s e c t i o n  s i g n a l s .  
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APPENDIX C ' 

A SUMMARY OF SIGlJAL TIMING PLAlJS 

INTERSECTION CYCLE F~AIEI STREET GREEN DI~TRATION -- 
LENGTH ElINIflUEl ElAX I M U M  

NUFIBER IloCATION (sec. ) (Sec. ) (Sec. ) -- 
3  Lodge & Livernois 7 0 4 3 . 5  4 3 . 5  

Dayton & Fenkell 

Lodge & Linwood 

' Fenkell & Twelfth 

Davison & Twelfth 

Davison & W. Wilson 

Lodge & Webb 

Chicago & Hamilton 

Lodge & Euclid 

Lodge & Seward 

Lodge & Pallister 

Lodge & West Grand 
Boulevard 

Cortland & Hamilton 

Glendale & Hamilton 

Davison & Hamilton 

LaBelle & Hamilton 

Oakman & Hamilton 

pitkin & Hamilton 

Puritan & Hamilton 

West Grand Boulevard 
& Third 

Seward & Third 

Chicago & Third 

Lodge & Clairmont 

Calvert & Hamilton 

Webb & Hamilton 

NcNichols & Hamilton 

Geneva & Hamilton 
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APPENDIX D . 
FUNCTIONAL SPECIFICATIONS FOR THE SUPPLY OF EQUIPMENT r' 

FOR COl'lPUTER CONTROL OF TMFFIC SIGNALS 

Purpose - 
During 1969, The Unive r s i ty  of Michigan arranged f o r  t h e  

e r e c t i o n  of  26 variable-message guide  s i g n s  and f o r  a  number of  
d e t e c t o r s  t o  be placed on a l t e r n a t e  r o u t e s  i n  t h e  northbound john 
C .  Lodge Freeway Corr idor  i n  t h e  C i t y  of D e t r o i t .  The d e t e c t o r s  
measure t r a f f i c  volume and f r e q u e n t l y  occupancy and t h e s e  d a t a  a r e  
communicated t o  a  computer. From t h i s  informat ion  t h e  computer 
determines ramp metering r a t e s  f o r  t h e  next  minute. The v a r i a b l e -  
message guide  s i g n s  a r e  a c t u a t e d  from t h e  computer s o  t h a t  m o t o r i s t s  
a r e  shown t h e  q u i c k e s t  r o u t e  t o  t h e  nor the rn  end of t h e  Freeway 
Cor r idor  from any p o i n t  w i t h i n  i t .  

Our goal  i s  t o  have t h e  computer genera te  an appropr ia t e  s e t  
of s i g n a l  t imings t o  the  l o c a l  t r a f f i c  s i g n a l  c o n t r o l l e r s  i n  t h e  
Cor r idor  a s  e a r l y  a s  February 15,  1970. The s e t  of t imings w i l l  be 
such t h a t  t o t a l  t r a v e l  time i n  t h e  Corr idor  f o r  a11 u s e r s  w i l l  be 
minimized s u b j e c t  t o  c e r t a i n  c o n s t r a i n t s .  S ince  many m o t o r i s t s  
d e s i r e  t o  t r a v e l  nor th  on t h e  Freeway dur ing  t h e  a f t e rnoon  peak 
p e r i o d ,  i t  can be expected t h a t  t h e  s i g n a l  t imings w i l l  f avor  t h e  
peak flow d i r e c t i o n  and reduce t h e  o v e r a l l  t r a v e l  t ime.  The detec-  
t o r s  on the  s u r f a c e  s t r e e t s  i n d i c a t e  t h e  l e v e l  of conges t ion  on t h e  
a l t e r n a t e  r o u t e s .  The s i g n a l  t imings  f o r  t h e  peak per iod  w i l l  be 
a d j u s t e d  t o  al low f o r  inc reased  congest ion.  

The purpose of t h e s e  s p e c i f i c a t i o n s  i s  t o  d e s c r i b e  t h e  
func t ion ing  of t h e  system needed t o  accomplish t h i s  c o n t r o l  an~d t o  
so1ic i . t  b i d s  on 57 assemblies t h a t  w i l l  be needed. 

C o n t r o l l e r  Locations 

There a r e  54 pre-timed t r a f f i c  s i g n a l  c o n t r o l l e r s  on the  
a l t e r n a t e  r o u t e s .  Twenty-two of t h e s e  c o n t r o l l e r s  a r e  loca ted  a t  
t h e  sou the rn  end of  the  Freeway Corr idor  and a r e  in terconnected  t o  
a  master  c o n t r o l l e r  loca ted  i n  t h e  13 th  P r e c i n c t  P o l i c e  S t a t i o n  i n  
t h e  C i t y  o f  D e t r o i t .  Seven c o n t r o l l e r s  a r e  loca ted  i n  t h e  C i ty  of 
Highland Park.  The remaining 25 c o n t r o l l e r s  a r e  i n  t h e  C i ty  of 
D e t r o i t  and some of these  a r e  opera ted  by t h e  Wayne County Road 
Commission. 

Contro l  Center  F a c i l i t i e s  

An IBM 1800 d i g i t a l  computer i s  l o c a t e d  a t  t h e  Contro l  Center  
i n  t h e  Herman Kiefer  Hosp i t a l .  This computer w i l l  soon have 
24,000 by tes  of co re  s t o r a g e .  The powerful Multi-Programminq 
Executive System w i l l  permit  t h e  computer t o  cope wi th  t h e  taslcs of 
r e c e i v i n g  informat ion  from t h e  d e t e c t o r s  and wi th  o p e r a t i n g  t h e  
ramp meter ing ,  t h e  v a r i a b l e  s igns , and  t h e  s i g n a l  c o n t r o l l e r s .  The 
1800 Vehicular  T r a f f i c  Control  System program prepared by IBEl w i l l  

a be used a s  much a s  p o s s i b l e  i n  t h e  development of  c o n t r o l  programs 
f o r  t h e  planned conf igura t ion .  Adequate d i g i t a l  i n p u t s  and o u t p u t s  
w i l l  be provided.  

The Unive r s i ty  of Michigan w i l l  p rovide  an a p p r o p r i a t e  i n t e r -  
f a c e  a t  t h e  Contro l  Center .  This dev ice  w i l l  communicate appropr ia t e  
s i g n a l s  between the  computer and t h e  l o c a l  t r a f f i c  c o n t r o l l e r s  v i a  
l eased  Plichigan B e l l  Telephone Company l i n e s .  



Leased Telephone S e r v i c e  

Two p a i r s  of  d i r e c t  c u r r e n t  te lephone c a b l e s  p r o t e c t e d  by 
l i g h t n i n g  a r r e s t i n g  dev ices  w i l l  b e  l e a s e d  f o r  communication between 
t h e  Con t ro l  Center  and each t r a f f i c  s i g n a l  c o n t r o l l e r .  

C o n t r o l l e r  Assembly Funct ions  - 
To accomplish t h e  d e s i r e d  c o n t r o l ,  s e v e r a l  f u n c t i o n s  a r e  

r equ i red  a t  each l o c a l  c o n t r o l l e r  and t h e  s u c c e s s f u l  b idder  must 
provide  a  hardware assembly t o  be  mounted w i t h i n  each c o n t r o l  cab- 
i n e t  t o  f u l f i l l  a l l  of t h e s e  f u n c t i o n s .  

1. Disconnect Pre-'Timed Dia l  from t h e  S i g n a l  C i r c u i t s .  
Upon a c t u a t i o n  of  a s i g n a l  r e q u e s t i n g  t h i s  f u n c t i o n ,  
d i sconnec t ion  w i l l  occur  a t  t h e  beginning of  t h e  
main s t r e e t  green phase.  Some of t h e  c o n t r o l l e r s  
have more than one d i a l  and t h e  d i sconnec t ion  w i l l  
b e  r e q u i r e d  f o r  t h e  d i a l  c u r r e n t l y  i n  use .  This  
f u n c t i o n  i s ' s i m i l a r  t o  t h a t  f r e q u e n t l y  used i n  
swi tch ing  from automat ic  t o  manual c o n t r o l .  The 
necessary  c i r c u i t r y  f o r  manual c o n t r o l  i s  a l r e a d y  
p r e s e n t  i n  each of t h e  l o c a l  c o n t r o l l e r s .  

2. Advance C o n t r o l l e r  Drum. 
Upon r e c e i p t  of  a  s i g n a l  from t h e  computer, t h e  
drum w i l l  advance t o  t h e  nex t  s e q u e n t i a l  s i g n a l  
d i s p l a y .  This  f u n c t i o n  i s  s i m i l a r  t o  t h a t  used i n  
manual. c o n t r o l .  

. 3 .  Planitor Con t ro l l ex  Opera t ion .  
A s i g n a l  w i l l  be s e n t  from t h e  assembly t o  t h e  
computer v i a  t h e  te lephone l i n e s  whenever t h e  
t r a f f i c  s i g n a l  i s  i n  main s t r e e t  green.  This  
f u n c t i o n  w i l l  enab le  t h e  computer t o  remain aware 
of t h e  s t a t e  of  t h e  c a n t r o l l e r .  

4. Return of  Contro l  t o  C o n t r o l l e r .  
I f  t h e  computer senses  t h a t  a  c o n t r o l l e r  has  n o t  
responded t o  i t s  commands, t h e  c o n t r o l  must be 
r e t u r n e d  t o  t h e  s p e c i f i e d  pre-timed d i a l  f o r  t h a t  
t ime.  I n  r e t u r n i n g  t o  t h i s  mode of o p e r a t i o n ,  t h e  
l o c a l  s i g n a l  d i s p l a y s  must fo l low a  normal phasing 
sequence.  Clearance  i n t e r v a l s  s h a l l  be a t  l e a s t  
t h e  s t andard  ones .  The r e t u r n  t o  l o c a l  c o n t r o l  
must be achieved w i t h i n  one c y c l e  l e n g t h .  

With t h e s e  f u n c t i o n s ,  t h e  computer w i l l  d i sconnec t  t h e  l o c a l  
c o n t r o l l e r ' s  t iming c i r c u i t ,  s t e p  t h e  c o n t r o l l e r  through each i n t e r -  
v a l ,  vary  t h e  t ime of  t h e  i n t e r v a 1 , a n d  check t h e  d i s p l a y  dur ing  
main s t r e e t  green t o  v e r i f y  t h a t  t h e  p u l s e s  s e n t  dur ing  t h e  previous  
c y c l e  have been c o r r e c t l y  i n t e r p r e t e d .  

I t  i s  e s s e n t i a l  t h a t  t h e  assembl ies  provide  o p e r a t i o n  of  t h e  
c o n t r o l l e r s  which i s  a t  l e a s t  a s  r e l i a b l e  a s  t h e  p r e s e n t  system. 
The assembl ies  must i n s u r e  t h a t  c o n t r o l  r e v e r t s  t o  t h e  pre-timed 
c o n t r o l  whenever t h e  computer d e t e c t s  an anomaly o r  when t h e  com- 
p u t e r  l o s e s  c o ~ m u n i c a t i o n  wi th  t h e  c o n t r o l l e r .  

Assembly Requirements 

The assembly must be designed s o  t h a t  i t  can be e a s i l y  
a t t a c h e d  i n s i d e  of t h e  c o n t r o l  c a b i n e t ,  e i t h e r  on 
s i d e s .  The assembly must o p e r a t e  s a t i s f a c t o r i l y  
.normal v a r i e t y  o f  weather  c o n d i t i o n s  encountered 

t h e  door o r  th,e 
throughout  t h e  ' 
i n  t h e  D e t r o i t  



a r e a .  P rov i s ion  w i l l  be  made on t h e  assembly i t s e l f  f o r  t h e  easy  
t e r m i n a t i o n  of  t h e  te lephone l i n e s .  The assembly w i l l  a l s o  provide  
l e a d s  o f  s u f f i c i e n t  q u a l i t y  and l e n g t h  s o  t h a t  they may .be te rminated  / 

a t  t h e  con t ro l - l e r  t e r m i n a l  s t r i p . ,  The assembly must be  encased f o r  
p r o t e c t i o n  a g a i n s t  d u s t  and d i r t  t o  i n s u r e  i t s  proper  o p e r a t i o n .  

Summary of  Equipment Required and Work t o  be  Done 

The s u c c e s s f u l  b idder  w i l l  p rovide:  
1, 54 assembl ies  (one f o r  each of t h e  c o n t r o l l e r s )  
2 .  3 s p a r e  assembl ies  f o r  a  t o t a l  of 57 assembl ies .  - 
The Univer s i ty  of  Michiyan w i l l  b e  r e s p o n s i b l e  f o r :  
1. The necessary  13211 Telephone s e r v i c e  
2 .  A 125 v o l t  power supply a t  t h e  Contro l  Center  

wi th  s u f f i c i e n t  c u r r e n t  t o  o p e r a t e  a l l  equipment 
s imul taneously  (wi th  s u i t a b l e  f u s e s )  

3 .  The connecti-ons a t  t h e  Contro l  Center  between 
t h e  te lephone l i n e s  and t h e  i n t e r f a c e ,  t h e  
connect ions  between t h e  i n t e r f a c e  and t h e  computer 
i n p u t  and o u t p u t  d e v i c e s ,  and t h e  connect ion  of  
t h e  power supply 

4 .  The complementary assembly ( i n t e r f a c e )  t h a t  w i l l  
b e  i n s t a l l e d  a t  t h e  Contro l  Center .  

Coordinat.ion between t h e  s u c c e s s f u l  b idder  and t h e  u n i v e r s i t y  must 
be  c a r e f u l l y  e f f e c t e d  t o  a s s u r e  p roper  o p e r a t i o n  of t h e  system. 

E l e c t r i c a l  Requirements 

A l l  assembly components must be approved by Underwriters  
Labora to r i e s .  

Guarantee 

The s u c c e s s f u l  b idder  s h a l l  gua ran tee  s a t i s f a c t o r y  performance 
(excluding p h y s i c a l  damage) of a l l .  of  t h e  assembl ies  f o r  a  pe r iod  
of n ine  ( 9 )  ca lendar  months from t h e  d a t e  of  d e l i v e r y .  The sucxess-  
f u l  b idder  must d e l i v e r  any replacement assembl ies  t o  t h e  Nat ional  
Proving Ground, 8801 John C .  Lodge, D e t r o i t ,  Michigan 48202, a t  h i s  
own expense.  This  d e l i v e r y  must be accomplished w i t h i n  f o u r  days 
of r e c e i v i n g  n o t i f i c a t i o n  by t h e  Unive r s i ty .  The Unive r s i ty  w i l l  
promptly r e t u r n  any assembl ies  found d e f e c t i v e .  

I n  t h e  even t  of p h y s i c a l  damage t o  an assembly, t h e  Unive r s i ty  
w i l l  pay t h e  u n i t  c o s t  of each a d d i t i o n a l  assembly r e q u i r e d  and f o r  
sh ipp ing  of same. This d e l i v e r y  must a l s o  be accomplished w i t h i n  
f o u r  days of r e c e i p t  of  n o t i f i c a t i o n  by t h e  manufacturer .  

Del ivery  

Del ivery  of t h e  e n t i r e  l o t  must be completed w i t h i n  s i x t y  ( 6 0 )  
days of n o t i f i c a t i o n  of  acceptance .  I t  i s  a n t i c i p a t e d  t h a t  n o t i f i -  
c a t i o n  w i l l  t a k e  p l a c e  by December 1, 1 9 6 9 .  The quoted p r i c e  , s h a l l  
i n c l u d e  d e l i v e r y  t o  t h e  Na t iona l 'P rov ing  Ground (address  above) .  

Bids - 
Bidders a r e  t o  b i d  t o  supply 57 a s sembl ies ,  The t o t a l  poss i -  

b l e  c u r r e n t  load from a l l  a s sembl ies ,  and any s p e c i a l  equipment o r  
te lephone l i n e  requi rements  f o r  t h e  Contro l  Center  n o t  desc r ibed  i n  
t h e  s p e c i f i c a t i o n s  must be s t a t e d .  Within f o u r t e e n  ( 1 4 )  days o f  



n o t i f i c a t i o n  of acceptance ,  a p ro to type  assembly i s  t o  be forwarded 
t o  t h e  Nat ional  Proving Ground. Within a f u r t h e r  seven ( 7 ) . d a y s ,  
t h e  Unive r s i ty  w i l l  n o t i f y  t h e  manufacturer  of i t s  approval  of t h e  
p ro to type  o r  t h e  n a t u r e  of t h e  f a i l u r e  of t h e  assembly t o  meet t h e  
s p e c i f i c a t i o n s .  The Unive r s i ty  w i l l  a s s i s t  t h e  manufacturer  by 
providing prompt t e s t i n g  and informat ion  t o  t h e  manufacturer .  The 
manufacturer  w i l l  complete d e l i v e r y  of equipment w i t h i n  t h e  r e q u i r e d  
o r i g i n a l  s i x t y  ( 6 0 )  day pe r iod .  

The b i d s  shou ld  he submitted i n  d u p l i c a t e  wi th  both cop ies  
s e n t  t o  t h e  P r i n c i p a l  I n v e s t i g a t o r ,  P r o f e s s o r  Donald E.  Cleveland,  
Highway Safe ty  Research I n s t i t u t e ,  Baxter  Road and Huron Parkway, 
Ann Arbor, Michigan, 48105 .  One copy of  t h e  b i d  should be  addressed 
t o  The Unive r s i ty  of Michigan Purchasing Department. The b i d  must 
be  r ece ived  no l a t e r  than 9:00 a.m. on November 26, 1969, 
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Lodge Freeway Corridor Journey No. 2 

Date Driver 



FIGUW E-2 
SURFACE STREET AERIAL PHOTO ANALYSIS LINKS 

STORAGE ESTIMATES 

FROM AERIAL PHOTOGPLRPHY 

Flight Path No. 2 

Linwoad N. S . D. 

12 th Oakman Fenkell 42-06 

12 th Davison Oakman 07-42 

Davison 12th W. Wilson 07-08 

W, Wilson 

W. Wilson 

W. Wilson 

W. Wilson 

Second 

Second 

Davison 

Glendale 

Glendale 

Webb 

Chicago 

Seward 

Glendale 

Davison 

Webb 

Glendale 

Webb 

Chicago 

Seward 

08-40 

40-08 

40-41 

41-4 0 

50-51 

49-50 

48-49 



FIGURE E-3. 
AERIAL PHOTO ANALYSIS: SURFACE S T m E T  APPROACHES 

FROM AERIAL PHOTOGRAPHY 

Flight Path No. 1 

Flight Line I.D. No.: 

Time Period: 

Summarized by: 

Approaches: EB = 1, SB = 2 ,  WR = 3 ,  NB = 4 

McNichols & Hamilton 

Geneva & Hamilton 

2 

- 4  

2 

4 

Livernois  & N.S.D. 1 0 3 1  3  

Dexter & Fenkell  

Linwood & N.S.D. 

Fenkell & 12 th  

Davison & 1 2 t h  

Webb & Freeway 

0 4  

0 5  

0 6  

07 

0 9  

2 

3  

3  

, 3 
4 



LODGE FREEWAY OPERATIONS STUDY: 
AERIAL PHOTO ANALYSIS FREEWAY DENSITY'AND TRAFFIC COMPOSITION 

1 OF :z 
FLIGHT LINE ID. NO.: - 
FRAMES PER .FLIGHT LINE: - 
TIME PERIOD: - -- 

FIGURE E-4. 
LODGE FREEWAY OPERATIONS STUDY 

AERIAL PHOTO ANALYSIS: MAIN CORRIDOR 
TRAFFIC DENSITY AND TRAFFIC COMPOSITION 



LODGE FREEWAY OPERATIONS STUDY: 
AERIAL PHOTO ANALYSIS RAMP QUEUES 

FIGURE E-4 (con't) 



LODGE FREEWAY OPERATIONS STUDY 
mRIAL PHOTO ANALYSIS: ON-RAMP DENSITY AND TRAFFIC COMPOSITION 

FIGUW E-5 
AERIAL PHOTO ANALYSIS ON-RAMP DENSITY AND TRAFFIC COMPOSITION 



APPENDIX F 
TmLES OF HISTORICAL VOLUMES 



Link 

TABLE F-1 

HISTORICAL SURFACE STREET VOLUMFS 



TABLE F-1 ( c o d e )  



TABLE F-1 (con't) 



TABLE F-1 (con't) 



TABLE F-2 

HISTORICAL SURFACE STREET VOLUUS 
2 

INTER- , 

SECTION APPROACH 2 : 3 0 -  3:30- 4:30- 5:30- 
NUMBER DIRECTION 3:30 4: 30 9: 30 6: 30 

03 South 1357 1543 1316 1265 

West 

South 

North 

South 

West 

West 

West 

North 

North 

E a s t  

West 

North 

16 East 29 41 62 56 

16 West 58 63 101 90 

East 

West 

West 

E a s t  

West 

West 

E a s t  

West 



TABLE F-2 (con 't) 

23 South 

24  . South 

25 South 

27 West 

28 . East 

West 

South . 
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BY LEE WINFREY 
Free Press Staff Vlrrfer 

After 10 >ears  of expcrl- 
ments that cost an estimated 
$1 million, trafhc rescarch on 
the John Lodge Freewa; 1s 
over . 

The telebislon cameray that 
monitored the roadway a re  
turned off. The green arrows 
and red Xs don't f!~sh any 
more. The glow~ng numbers 
that used to suggest the proper 
speed have been extlngulshed 

The Lodge has sunk back 
into harsh reality, once agaln 
just another overcrowded con- 
duit where ever) driver must 
shift for himself. 

As ic result of all the money 
and time, not one of the exper- 
imental devices tried on tiif! 
Lodge has been permanently 
adopted into the system. 

MOTORISTS who are still 
chugging through the Davisan 

inrcrchange In low gear may 
he startled to hear that re- 
searchers cotis~der the pro- 
gram a success even though 11 
has led !o nothmg new. 

Arnorg those applauding the 
research, wh~ch often made 
the Lodge an  avenue of sur- 
prlses, are A l g u  F, hlalo, city 
dlrcctor of streets and traffic, 
and Harold Cooprr, trafflc cn- 
glneer !or the state Hlghway 
D e p a ~  tment. 

Here 1s how they Iook a t  the 
program. 
Q The TV cameras wpre 
good. They spotted accidents 
and jams and helped clear up 
clogged spots quickly. 

The or~ly trouble is that the 
cameras, installed experimen- 
tally over a three-mile s t r e ~ c h  
from W. Grand Blvd. to Davi- 
son, are  too expensive to in- 
stall over t11u whole route. 
Cooper estimates thal it uould 

cost about $750,008 to covet 
the 1,odpe: from Coho Hall 
north to Eight Filile. 

6B The green a r r o w s and 
red Xs viers good, too. Motor- 
~ s t s  obeyed thcm and thereby 
made better time. 

The problem rs that the ar- 
rows and X s  depend on the 
TV c a m e r a s to figure oul 
when they should be turned 
on So slnce the cameras are 
comlng down, the arrows and 
Xs are golng out, too, except 
to indicate road maintenance 
u~ork  
d The Ilgllts, which flashed on 
w ~ t h  suggested speeds, were a 
failure. Motorists hated thcm. 

DRIVERS PULSING along 
a t  two rnlles an hour a s  they 
a p p r o a c 11 e d a jackknifed 
trader truck customarily col- 
lapsed Into su~cidal depression 
or flew lnto blind rage when 

informed thal: they could drive 
35 if they wished. They never 
understood that the 35 meant 
the speed th8at they .could ex- 
pect to make a little farther 
down the road. 

The last of the great experi- 
ments on the Lodge ended 
Dec. 4. The whole business 
went on for 113 years, financed 
jointly by federal, state and 
city money. Malo, who gave 
the $1 million cost estimate, 
doesn't expect to receive all 
the research reports for at  
least six more months. 

In the meantin~e,  for those 
of you tunneling through the 
trench each day, here's a fig- 
ure that should make clear 
what the big problem is: 

Lodge t r a f f~c  is now running 
as  high as  -160,000 vehicles in 
24 hours. When fully corn- 
pleted in 1964, its designed 
daily capacity was 90,000. 

Motorists liked rile arrows, llated the ipeed signs 



HIGHWAY SAFETY RESEARCH INSTITLJTE 
Institute of Science and Technology 

Huron Parkway and Baxter Road 
Ann Arbor, Michigan 48105 

THE UNlVEfiSITY OF MICHIGAN 

November 13, 1970 

NEWS RELEASE - 

Thirty-one e x i s t i n g  t r a f f i c  c o n t r o l  s i g n a l s ,  l o c a t e d  
on t h e  s t r e e t s  a d j a c e n t  t o  t h e  John C.  Lodge Freeway have 
been modified t o  enab le  them t o  be c o n t r o l l e d  v i a  a  
computer.  This f e a t u r e  w i l l  p rovide  a  r a t i o n a l  c o n c l u s i o n  
t o  a  comprehensive r e s e a r c h  program being c a r r i e d  o u t  by 
t h e  Highway S a f e t y  Research I n s t i t u t e  (HSRI )  of The U n i v e r s i t : ~  
of  Michigan. 

The aim of  t h e  p r o j e c t  is t o  improve t r a v e l  c o n d i t i o n s  
i n  t h e  Freeway Cor r idor  by providing m o t o r i s t s  wi th  up-to- 
t h e  minute r o u t e  guidance in fo rmat ion  and by c o n t r o l l i n g  
t r a f f i c  s i g n a l  d i . sp lays .  

E l e c t r o n i c  s i g n s ,  c o n t r o l l e d  by a computer, have been 
i n s t a l l e d  t o  h e l p  t r a f f i c  flow smoothly over  a  seven-mile 
s t r e t c h  of t h e  Lodge Cor r idor  beginning near  i t s  i n t e r c h a n g e  
w i t h  t h e  Edsel  Ford Freeway, An average of 4800 v e h i c l e s  
pe r  hour normally use  t h e  northbound Lodge dur ing  t h e  pe r iod  
from 2:30 t o  6:30 p.m. when t h e  s i g n s  a r e  o p e r a t i n g .  

The color-keyed s i g n s  a r e  l i n k e d  by d i r e c t  l i n e s  t o  a 
d a t a  a c q u i s i t i o n  and c o n t r o l  system l o c a t e d  a t  a  c o n t r o l  
c e n t e r  a d j a c e n t  t o  t h e  Freeway which t h e n  d i r e c t s  t h e  d i s p l a y  
of informat ion  t o  approaching d r i v e r s .  I n  t h i s  way, m o t o r i s t s  
a r e  advised  of t h e  b e s t  northbound r o u t e  through t h e  C o r r i d o r ,  
the reby  reducing conges t ion  and long p e r i o d s  of  stop-and-go 
d r i v i n g  . 

The p r o j e c t  is d i r e c t e d  by D r .  Donald E. Cleveland and 
D r .  Robert L .  P r e t t y  of HSRI and t h e  U n i v e r s i t y  of Michigan's  
Col lege  of Engineer ing .  Funds f o r  t h e  r e s e a r c h  a r e  s u p p l i e d  
by the  Nat ional  Cooperat ive Highway Research Program and 
adminis tered  by t h e  Highway Research Board of t h e  Na t iona l  
Academy of Sc iences .  

FIGURE G-2 
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The sys tem h e l p s  g u i d e  rush-hour  m o t o r i s t s  by u s i n g  
t r a f f i c  f low d a t a  from t h e  Freeway and p o s s i b l e  a l t e r n a t e  
r o u t e s  t o  de t e rmine  a p p r o p r i a t e  d i r e c t i o n a l  d i s p l a y s  on 
t h e  s i g n s .  The d a t a  is g a t h e r e d  by overhead and pavement 
d e t e c t o r s  l o c a t e d  on t h e  Freeway and on t h e  s u r f a c e  s t r e e t s .  
A s  c o n d i t i o n s  on t h e  Freeway change ,  t h e  i n f o r m a t i o n  on t h e  
s i g n s  is c o n s t a n t l y  changed t o  p rov ide  m o t o r i s t s  w i t h  t h e  
best poss ib1e  d i r e c t i o n s .  

C o n t r o l  of  t h e  t h i r t y - o n e  s i g n a l s  i s  t h e  l a s t  o f  t h e  
i n n o v a t i v e  f e a t u r e s  deve loped  by HSRI. The s i g n a l s  w i l l  be 
o p e r a t e d  so  t h a t  t h e y  w i l l  p rov ide  maximum a v a i l a b l e  g r e e n  
t ime  t o  t h e  approach s t r e e t  of  a n  i n t e r s e c t i o n  having  t h e  
h i g h e s t  demand o r  volume of  t r a f f i c .  The computer w i l l  
a t t e m p t  t o  c o n t r o l  t h e  t r a f f i c  l i g h t  t i m i n g s  t o  p rov ide  
a  p r o g r e s s i o n  of movement no t  o n l y  i n  t h e  t h r o u g h - d i r e c t i o n  
b u t  even  a f t e r  a  t u r n i n g  movement h a s  been made. M o t o r i s t s  
a v o i d i n g  t h e  Northbound Lodge Freeway d u r i n g  t h e  even ing  
peak p e r i o d  w i l l  t h u s  r e c e i v e  a  h i g h e r  l e v e l  of s e r v i c e .  
The maximum g r e e n  time w i l l  e n a b l e  t h e  m o t o r i s t  t o  a r r i v e  
a t  t h e  nor thbound Lodge e n t r a n c e  ramps i n  l e s s  time t h a n  
normal .  

F i n a l  r e s u l t s  of  t h e  r e s e a r c h  w i l l  a i d  t r a f f i c  e n g i n e e r s  
i n  o t h e r  l a r g , ~  c i t i e s  in de te rmin ing  ways t o  improve freeway 
c o r r i d o r  t r a v e l .  The e x p e r i m e n t a l  s y s t e m  on t h e  Lodge may 
e v e n t u a l l y  become a  permanent p a r t  of t r a f f i c  c o n t r o l  h e m .  
The computer ized  sys tem is  comple t e ly  i n t e g r a t e d ,  w i t h  e a c h  . 

p a r t  of t h e  s u r v e i l l a n c e  complementing t h e  o t h e r  - t o  t h e  
b e n e f i t  of t h e  m o t o r i s t .  The system h e l p s  e a s e  t h e  stress 
of freeway d r i v i n g  by a l l o w i n g  m o t o r i s t s  t o  d r i v e  a t  a  
c o n s t a n t  speed .  I n  a d d i t i o n ,  t h e  t o t a l  t ime  a s s o c i a t e d  w t t h  
t h e  t r i p  s h o u l d  be reduced .  

The system i s  e x p e c t e d - t o  s t a r t  on November 1 6 ,  1970 
and  r u n  th rough  t o  December 4 ,  1970. 



THE UNIVERSITY OF MICHIGAN 

News S e r v c e  / 

6014 Adn~in~s!rat~on Butld~ng 
Ann Arb01 Mirhl:l,~rt 18101 

December 4, 1970 (9)  
e 

Contact: B i l l  Hampton 
?hone : 764-7260 

a,EL;EASE ON RECEIPT - 
ANM ARBOR---An experimental  t r a f f i c  c o n t r o l  eyetem along De t ro i t  ,a 

John C .  Lodge Freeway Corr idor  ends two yea r s  of opera t ion  Fr iday (Dec. 4 ) .  

The complex c o n t r ~ l  syitem, operated s ince  January of 1969 by highway 

~ e s e a r c h e r s  a t  The Univers i ty  af Michigan, warned motor i s t s  of freeway o r  

ramp congestion ahead and suggeeted a l t e r n a t e  non-freeway rou t e s .  

The system has included 26 var iab le  message rou t e  s igns  a l o n g . t h e  Lodge 

c o r r i d o r  i n  De t ro i t  and Highland Park, t e l e v i s i o n  su rve i l l ance  equipment, ramp 

loni tore  and s igna l s  and 31 computer con t ro l led  t r a f f i c  s i g n a . 1 ~ .  

D e t r o i t  and Wayne County workmen a r e  expected t o  remove the  t r a f f i c  

equipment before t he  end of t he  month. I 
i 

The p ro j ec t  has been headed by i?rof, Donald E, Cleveland and a s s o c i a t e  I 
I 

r e s ea rch  engineer Robert L. P r e t t y  of t he  U-b1 Highway Safe ty  ~ e s e i r c h  i I 
E 

Cnst i tu te  and department of c i v i l  engineer ing,  I 
f 
I 
j 

They s a i d  t h e i r  eva lua t ion  r epo r t  of t he  system w i l l  be ~omple~ ted  ea r ly  
i 

nex t  year .  They noted t h a t  t he  r epo r t  w i l l  con ta in  p a r t i c u l a r l y  valuable i 

:omments from motor is ts  on the  Lodge Freeway who f i l l e d  out  ques t ionna i res  
I 

I 

about t he  t r a f f i c  con t ro l  system. I 

The U-M researchers  added that  t h e  r e s u l t s  of t h e i r  p r o j e c t  w i l l  apply 

tc othe-r freeways i n  and out  of  t h e  D e t r o i t  a r ea .  They s a i d  t h e i r  r epo r t  

w i l l  h e lp  the  Michigan Department of S t a t e  Highways decide whether a similar 

t r a f f i c  c o n t r o l  system should be i n s t a l l e d  permanently. The ~ t a t e  highway 

department con t ro l s  freeway opera t ions  i n  t h e  De t ro i t  a r e a .  

(more > 
FIGURE G-3 



( 9 )  L ~ d g e  Freeway s i g n s  

Cleveland and P r e t t y  sugges t  t h a t  r e g u l a r  m g t o r i s t e  on t h e  Lodge 

Freeway cont inue  t o  fo l low r o u t e s  sugges ted  i n  t h e  p a s t  by t h e  s p e c i a l  s i g n  

eyetern, e s p e c i a l l y  d u r i n g  r m h  hours .  

They p a r t i c u l a r l y  urge d r i v e r s  t o  avo id  t h e  \Jest  Grand Boulevard-Lodge 

Freeway in t e rchange  du r ing  peak t r a f f i c  hoyr s ,  

Cleveland and " e t t y  noted t h a t  t h e  Lodge Freeway has been used f o r  

t r a f f i c  r e s e a r c h  a lmos t  con t inuous ly  s i n c e  1960. From 1960 t o  1966, it  was 

t h e  s i t e  o f  work by t h e  ~ i c h i g a n  S t a t e  Highway Department and t h e  Na t iona l  

?roving Ground f o r  Freeway S u r v e i l l a r ~ c e ,  Con t ro l  and E l e c t r o n i c  Tra : f f ic  A i d s ,  

I n  1967-63, r e s e a r c h  by t h e  Texas T r a n s p o r t a t i o n  I n s t i t u t e  was c a r r i e d  o u t  

t h e r e .  

The U-M p r o j e c t  was filnded by t h e  H a t i o n a l  Coopera t ive  Highway Research 

Program. Grants  were admin i s t e r ed  by t h e  Highway Research Board of  t h e  

Naticjnal Academy o f  Sc i ences ,  

ad level and, P r e t t y ,  HSRI) ( R 1 , 2 ;  RTl;Auto;Engl, 3,5) 

FIGURE G-3 (con 't) 
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Sunday, Jan. 10, 1971 

The highway engineers have con. 
cluded their 10-year television sur- 
veillance of the Lodge Freeway, a 
$1 million experiment that produced 
a lot of information but no reduction 
in peak-hour traflic jams. 

But then no TV producer could 
hope to speed up the mass of cars 
on the Lodge, Ford and even the 
newer Chrysler aqd Fisher free- 
ways. Both the Lodge and Ford are 
carrying almost double the capacity 
they were designed lo Tarry. 

wired to a central computer to help 
monitor all freeway traffic, The 
State K i g h w a y Department has 
authorized a f i v e -y e a r  program 
costing $5 million and covering 65 
miles of Detroit fi-eeways. 

The flashing signs with arrows . 
and X's to indicate open and closed 
lanes and the ramp control signs 
will be used, too, to help motorists 

. around stalled vehicles or mainte- 
nance crews. Detroit pioneered in 
this study and the newer electronic 
system which evolved from i t  is ex- 

The three-rnile monitoring system 
has, however, provided evidence to 
benefit federal, state, county and 
city highway engineers and has led 
to improvements of existing free- 
ways and better design of future 
highways, inchding, for example, 
the Chrysler, Fisher and the Jef- 
fries, now under construction. 

The costly TV setup will be re- 
placed by electronic sensors placed 
in the pavement or overhead and 

pected to be far cheaper to main- 
tain and more efficient over a 
greater nurnber of freeway miles. 

We doubt, however, that traffic 
jams will ever be eliminated from 
the freeways without some new 
form of rapid, mass transit system 
being devised to complement the 
highway system. But the new elec- 
tronic monitoring system wilI help 
travel on the overtaxed freeways 
until we find a better system. 

FIGURE G-4 
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"Excerpts From" 

NATIONAL COOPERATIVE HIGHWAY RFSEARCH PROGRAM 

Highway Research Board 
"National Academy of Sciences-National Research Council 

FY '67 

project Statement -- 
Research Project Title: 

Optimizing Freeway Corridor Operations Through Traffic Surveil- 
lance, Communication, and Control. 

General Problem Area: - 
Special Projects 

Research Problem Statement: 

To meet present and future traffic demands, the combined free- 
way and surface street system must operate more efficiently. Free- 
ways through heavily developed areas have limited right-of-way which 
prevents, on an ec0nomi.c basis, their reconstruction for increased 
capacity. Practical measures for increasinq operational efficiency 
of these facilities through heavily traveled corridors should be 
developed by judicious application of traffic surveillance, communi- 
cation, and control. 

- Urban freeways comprise a major portion of the traffic-carrying 
capacity of the total vehicular route system in American cities. It 
is believed that surveillance, communication, and control of traffic 
on freeways as well as on the supplemental street systems can be 
improved, resulting in better service to the motoring public as a 
whole. 

It is desired to apply the best traffic surveillance, communica- 
tion, and control techniques in a typical urban freeway corridor and 
to study the results. Innovations that may be expected to enhance 
the operational efficiency should be explored. 

The National Proving Ground for Freeway Surveillance Control 
and Electronic Traffic Aids located on the John C. Lodge Freeway in 
Detroit has been extensively equipped for freeway surveillance, and 
this freeway and the adjacent corridor is designated as the study 
site to develop and evaluate improved surveillance, communication 
and control techniques. 

Objectives: 

1. Determine method(s) for increasing the effectiveness of the 
system which involves the freeway and the adjacent surface street 
network within the corridor. Evaluate the methods on the study site 
with or without the use of additional hardware. 

2. Recommend equipment configurations (that is, type and loca- 
tion) for the improved system which will represent the optimum 
balance in cost-effectiveness. 
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