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ABSTRACT 

Ramp me te r ing  v i o l a t i o n s  were reduced from 4 0 %  t o  10% 

when an exp lana to ry  s i g n  r ead ing  "ON GREEN ONE CAR ONLY" 

was i n s t a l l e d  on two e n t r a n c e  ramps of t h e  John C .  Lodge 

Freeway i n  D e t r o i t .  A t  one ramp, t h e  amber a s p e c t  was 

removed from t h e  s i g n a l  and t h e  t e r m i n a t i o n  of t h e  g reen  

s i g n a l  was c o n t . r o l l e d  by a d e t e c t o r  j u s t  downstream of t h e  

s i g n a l .  A new meter ing  s t r a t e g y  based  on keeping vehiculax 

s t o r a g e ,  e s t i m a t e d  from t h e  c a l c u l a t e d  t o t a l  t r a v e l  and t h e  

average  speed between d e t e c t o r  s t a t i o n s ,  i n  each subsysterr 

w i t h i n  a l l o w a b l e  l i m i t s  was developed.  The r e v i s e d  s t r a t e l  ( 

produced a r e d u c t i o n  i n  ramp queue d e l a y s  b u t  n o t  i n  t h e  

e s t i m a t e d  t o t a l  t r a v e l  on t h e  freeway. The use  of a tem- 

po ra ry  c o n s t a n t  g r e e n  i n d i c a t i o n  a t  a s e v e r e l y  conges ted  

metered ramp allowed e x c e s s i v e l y  long  queues t o  be disc ha^:^ ed 

and normal me te r ing  used d u r i n g  much of t h e  peak p e r i o d .  . 

p i l o t  s t u d y  of t h e  e f f e c t  of wet pavement on freeway o p e r j .  

t i o n s  showed no s i g n i f i c a n t  changes i n  c a p a c i t y  o r  f r e e  s?:aed. 

A comparison of  a .ccident  expe r i ence  an  t h e  e n t r a n c e  ramps 

b e f o r e  and a f t e r  t h e  i n s t a l l a t i o n  of ramp me te r ing  indicati2d 

no s i g n i f i c a n t  change i n  t h e  a c c i d e n t  r a t e  a l though t h e  n ~ ~ n b e r  



of accidents increased after installation of ramp metering. 

There was also no significant decrease in the incidence of 

on-freeway accidents that might be attributable to the 

beneficial operational effects of freeway surveillance and 

con tro 1. 
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Report No. TrS- 2, Highway Safety Research 1ns ti tute, 
The ~n~versity of Michigan, Ann Arbor, Michigan, 1970. 
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SUMMARY OF FINDINGS 

Severa l  t r a f f i c  c o n t r o l  changes were made on t h e  

e i g h t  metered John C .  Lodge Freeway ramps t o  reduce t h e  

number of v i o l a t i o n s  t a k i n g  p l a c e .  Before addit ional .  con- 

t r o l  dev ices  were i n s t a l l e d  o r  m o d i f i c a t i o n s  made t o  e x i s t i n g  

c o n t r o l  d e v i c e s ,  v i o l a t i o n  r a t e s  of  up t o  4 0 %  were p r e v a l e n t .  

These v i o l a t i o n s  c o n s i s t e d  p r i m a r i l y  of d r i v e r s  pass ing  

through on t h e  amber phase behind t h e  l e a d  v e h i c l e .  The 

meter ing  i n s t a l l a t i o n s  c o n s i s t e d  of' a  t h r e e - a s p e c t  s i g n a l  

head midway down t h e  ramp and a  s i g n  warning m o t o r i s t s  of 

t h e  presence  of  meter ing  a t  t h e  head of t h e  ramp. S i g n i f i -  

c a n t  r e d u c t i o n s  i n  t h e  v i o l a t i o n  r a t e  were ob ta ined  when an 

exp lana to ry  s i g n  read ing  "ON GREEN ONE CAR ONLY" was i n s t a l l e d  

a t  two ramps. One v e h i c l e  i n  t e n ,  however, s t i l l  v io la t .ed  

t h e  s i g n a l  i n  t h e  above manner. 

A t  one ramp t h e  amber a s p e c t  was removed from t h e  s i g n a l  

head and one of t h e  e x i s t i n g  loop d e t e c t o r s  was used t o  

r e c o r d  t h e  passage  of a  v e h i c l e  and change t h e  g reen  s i g n a l  

t o  r ed .  Pavement markings were added t o  encourage d r i v e r s  

t o  c e n t e r  the i . r  v e h i c l e s  over  t h e  presence  d e t e c t o r s  a t  t h e  

meter ing  i n s t a l l a t i o n .  Although t h e s e  a d d i t i o n a l  m o d i f i c a t i o n s  

should have f u r t h e r  improved t h e  ramp meter ing  scheme, t h e  

s tudy revea led  t h a t  t h e r e  was no a d d i t i o n a l  r e d u c t i o n  o f  t h e  

v i o l a t i o n  r a t e .  



The presence of t h e  warning s ign ,  '"MP METERED WHEN 

FLASHING," a t  t he  head of t h e  ramp had no e f f e c t  i n  reducing 

v i o l a t i o n s .  I t  i s  recommended, however, t h a t  t h e  s ign  be 

r e t a ined  f o r  reasons of s a f e t y  and good t r a f f i c  engineering 

p r a c t i c e .  

A new ramp metering s t r a t e g y  based on keeping subsystem 

s to rage ,  es t imated from t h e  ca l cu l a t ed  t o t a l  t r a v e l  and the  

average speed between d e t e c t o r  s t a t i o n s ,  wi th in  al lowable 

l i m i t s  was developed. The new s t r a t e g y  was found t o  reduce 

ramp queue delay by 30 veh i c l e  hours per day and ramp con- 

ges t i on  occupied a smal ler  po r t i on  of t he  peak per iod .  No 

s i g n i f i c a n t  change was found i n  t o t a l  freeway t r a v e l  o r  t o t a l  

t r a v e l  time. 

Ramp congestion problems a t  the  Davison Expressway t o  

northbound Lodge Freeway en t rance  ramp were overcome by 

employing a  cons tan t  green i n d i c a t i o n  a t  t h e  s i g n a l  t o  c l e a r  

congestion when the  queue in t ruded on t h e  t r ave l ed  way on 

Davison. Suspending t h e  metering even temporari ly was un- 

d e s i r a b l e  f o r  t h e  c o n t r o l  of freeway opera t ions ,  bu t  t h i s  

modif ica t ion d id  reduce t h e  s e v e r i t y  of t h e  problem and 

allowed regu la r  metering opera t ions  t o  resume. 

A l im i t ed  study of environmental f a c t o r s  showed no 

s i g n i f i c a n t  e f f e c t  of r a i n  on freeway capac i ty  o r  f r e e  speed. 



A11 of t h e  a c c i d e n t s  o c c u r r i n g  on t h e  e n t r a n c e  ramps 

were of t h e  r ea r - end  type .  The i n s t a l l a t i o n  o f  ramp me te r ing  

c o n t r o l  d i d  n o t  g e n e r a t e  a  s i g n i f i c a n t  change i n  t h e  number 

o f  a c c i d e n t s  on t h e  e n t r a n c e  ramps a l though  t h e r e  were more 

a c c i d e n t s  a f t e r  ramp me te r ing  was i n s t a l l e d .  A s t u d y  of on- 

f reeway a c c i d e n t s ,  bo th  b e f o r e  and a f t e r  t h e  implementa t ion  

of s u r v e i l l a n c e  o p e r a t i o n s ,  found no s i g n i f i c a n t  d e c r e a s e  i n  

t h e  a c c i d e n t  r a t e .  

x i i i  





PART ONE 





CHAPTER ONE 

INTRODUCTION 

I n  1 9 6 7  the Texas Transportation I n s t i t u t e  ( T T I )  i n s t a l l ed  

a ramp t r a f f i c  sensing and control system t o  meter the 

operation of e igh t  entrance ramps t o  the northbound John C .  

Lodge Freeway i n  Detroit  as shown i n  Figure 1 ( 3 4 ) " .  Ramp 

metering i s  the functional bas is  of a d i g i t a l  computer f ree-  

way corridor suxveilPance and control  system. By l i m i t i n g  

the  r a t e  a t  which vehicles en ter  the freeway, the ramp 

metering controls  the freeway l eve l  of serv ice .  

One goal of ramp metering i s  t o  keep freeway demand 

within acceptable leve ls  as determined by the desired l eve l  

of serv ice  on the freeway. For dr ivers  already on the  free-  

way there  should be tangible  benef i t s  i n  terms of l e s s  

congestion during the peak period and more orderly merging 

movements a t  the entrance ramps as a consequence of metering. 

Researchers i n  Detroi t ,  Chicago and elsewhere have noted 

s ta t i s t ica l1 .y  s ign i f i can t  decreases i n  the duration of peak 

period congestion ( 9 ,  1 7 ,  2 7 ) .  A benef i t  r e su l t ing  from l e s s  

congestion and fewer merging conf l i c t s  could well be a reduced 

*Numbers r e f e r  t o  references a t  end of Par t  One o f  
t h i s  repor t ,  
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accident r a t e  on the freeway. The reduction of merging con- 

f l i c t s  benef i t s  the  ramp user as  wel l .  A study of rear-end 

c o l l i s i o n s  on an entrance ramp i n  Atlanta where the  accelera- 

t i o n  Lane was of i n s u f f i c i e n t  length showed t h a t  ramp metering 

brought about a  9 0 %  reduction i n  these c o l l i s i o n s  ( 3 2 ) .  The 

metering v i r t u a l l y  eliminated c o n f l i c t s  r e su l t ing  from vehicles  

stopping a t  the f o o t  of the  ramp pr io r  t o  merging. Ramp 

metering i n s t a l l a t i o n s  thus can compensate fo r  substandard 

geometric fea tures  and perhaps reduce accidents on the  entrance 

ramps. Of more concern on the  Lodge Freeway was the possi-  

b i l i t y  t h a t  these i n s t a l l a t i o n s  would increase accidents .  The 

very presence of ramp metering i s  contradictory t o  the  

function of entrance ramps. Having vehicles  s top  on the ramp 

a t  l e a s t  increases the  poss ib i l . i t i e s  of rear-end c o l l i s i o n s .  

The benef i t s  accruing t o  on-freeway users  a re  a t  the  

expense of the  ramp user whose t r a v e l  time i s  almost inevi-  

tably increased as  a  r e s u l t  of ramp delay unless improved 

freeway operations allow him t o  compensate f o r  the  time loss  

with a  quicker freeway t r i p .  One consequence of 

increased ramp delay i s  the diversion of shor ter  t r i p s  t o  

surface s t r e e t  a l t e r n a t e  routes  i n  the corr idor  (Figure 1) .  

The corr idor  operat ions a re  improved because these d r ive r s  



exper ience  l i t t l e  a d d i t i o n a l  d e l a y  i n  t h e i r  s h o r t  t r i p s  whi le  

t h e i r  removal from t h e  freeway l e s s e n s  demand and reduces  

t h e  number of  merging c o n f l i c t s  a t  e n t r a n c e  and e x i t  ramps. 

For t h e  remaining d r i v e r s  who w i l l  exper ience  d e l a y ,  com- 

p e n s a t i o n  a t  l e a s t  can  t a k e  t h e  form of  p rov id ing  an  a t t r a c -  

t i v e  a l t e r n a t e  r o u t e  t o  t h e i r  d e s t i n a t i o n .   his was t h e  

c e n t r a l  o b j e c t i v e  of  t h e  1 9 6 9  r e s e a r c h  program i n  t h e  Lodge 

Freeway Cor r idor .  

The r e s e a r c h  e f f o r t s  i n t o  t h e  o p e r a t i o n  of  a l t e r n a t e  

r o u t e s  a r e  p r e s e n t e d  i n  o t h e r  r e p o r t s  (28 ,  2 9 ) .  This  r e p o r t  

c o n t a i n s  s e v e r a l  i n v e s t i g a t i o n s  of  t h e  e f f e c t i v e n e s s  o f  t h e  

ramp mete r ing  o p e r a t i o n  i t s e l f .  The i n v e s t i g a t i o n s  were 

n e c e s s a r i l y  d i v e r s e  because of t h e  v a r i e t y  of e f f e c t s  genera ted  

by ramp meter ing .  The s t u d i e s  were a s  fo l lows .  

C e r t a i n  hardware m o d i f i c a t i o n s  were made a t  t h e  meter- 

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

ramp u s e r .  The o b j e c t i v e  of t h i s  e f f o r t ,  p r e s e n t e d  i n  

Chapter  Two, was t h e  r e d u c t i o n  i n  ramp meter ing  v i o l a t i o n s  

where more than  one v e h i c l e  passed  through on t h e  g reen  phase. 

The Texas T r a n s p o r t a t i o n  I n s t i t u t e  (TTI) had n o t  been t a k i n g  

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

a l though  t h e i r  F i n a l  Report noted  v i o l a t i o n s  " a s  h igh  a s  

40% on some ramps" ( 9 ) ,  Whether t aken  i n t o  c o n s i d e r a t i o n  o r  

n o t ,  a  c o n t r o l  problem e x i s t e d  e s p e c i a l l y  when t h e  freeway 



was o p e r a t i n g  nea r  c a p a c i t y  and minimum mete r ing  r a t e s  were 

necessary .  Continued d i sobed ience  would only  have f o s t e r e d  

a l a c k  of r e s p e c t  f o r  ramp meter ing  i n s t a l l a t i o n s .  I t  was 

a l s o  a moot q u e s t i o n  a s  t o  whether  d i sobed ience  was t r u l y  

p r e s e n t .  Most of  t h e  e n t r a n c e  ramps allowed one v e h i c l e  

through a t  a time p r i m a r i l y  on t h e  s t r e n g t h  of  a f i x e d  and 

ve ry  s h o r t  green time. T o t a l  g reen  and amber time amounted 

t o  t h r e e  seconds.  Considering a p o s s i b l e  d r i v e r  r e sponse  

t ime of  a second,  combined w i t h  t h e  downgrade a t  a l l  t h e  

ramps, a d r i v e r  fo l lowing  t h e  l e a d  v e h i c l e  could  well be i n  

motion b e f o r e  t h e  r e d  i n d i c a t i o n .  

Another major e f f o r t  i n  1969 was t h e  i n v e s t i g a t i o n  of 

t h e  c o n t r o l  l o g i c  f o r  ramp meter ing .  The T T I  c o n t r o l  strategy 

was e v a l u a t e d  and an  a l t e r n a t i v e  method f o r  c o n t r o l  based on 

e s t i m a t i n g  t h e  number of  v e h i c l e s  w i t h i n  a freeway subsystem 

was developed and t e s t e d .  A subsystem was d e f i n e d  a s  a !Length 

o f  freeway bordered  by on-freeway d e t e c t o r  s t a t i o n s  and con- 

t a i n i n g  one e n t r a n c e  ramp. I t  was a n t i c i p a t e d  t h a t  t h e  new 

s t r a t e g y  would overcome s e v e r a l  problems i n  t h e  T T I  s t r a t e g y  

and render  t h e  s u r v e i l l a n c e  system more respons ive  t o  a c c i d e n t s  

and o t h e r  capaci ty- reducing i n c i d e n t s  on t h e  freeway. A f u l l  

d e s c r i p t i o n  of  t h i s  p o r t i o n  of  t h e  r e s e a r c h  i s  p r e s e n t e d  i n  

Chapter  Three. P o t e n t i a l  b e n e f i t s  i n  terms of reduced t o t a l  

t r a v e l  on t h e  freeway and reduced ramp queue d e l a y s  were 

i n v e s t i g a t e d .  



Ramp meter iny  c r e a t e d  a  s e r i o u s  conges t ion  problem a t  

t h e  Davison e n t r a n c e  ramp. Ramp queues o c c a s i o n a l l y  in t ruded  

on t h e  shou lde r  l a n e  of t h e  Davison Expressway t o  c r e a t e  a  

hazardous s i t u a t i o n .  Modif ica t ions  i n  t h e  ramp meter ing  

s t r a t e g y  a t  ~ a v i s o n  t o  a l l e v i a t e  t h i s  s i t u a t i o n  a r e  p resen ted  

i n  Chapter Three. Also inc luded i n  Chapter Three i s  a p i l o t  

s tudy  of environmental  e f f e c t s  on freeway o p e r a t i o n s .  The 

behavior  of t r a f f i c  i n  inc lement  weather  was s t u d i e d  i n  o r d e r  

t o  determine i f  t h e  ramp meter ing  c o n t r o l  s t r a t e g y  should t ake  

environmental  f a c t o r s  i n t o  account .  

Two o t h e r  s t u d i e s  concerned wi th  t h e  e f f e c t s  of  ramp 

metering on t h e  a c c i d e n t  r a t e ,  both  on t h e  freeway and a t  t h e  

ramps, a re  p resen ted  i n  Chapter Four. A s  i n d i c a t e d  above, 

a  p o s s i b l e  b e n e f i t  of ramp meter ing  would be a  r e d u c t i o n  i n  

t h e  on-freeway a c c i d e n t  r a t e  a s  a  r e s u l t  of  smoother t r a f f i c  

o p e r a t i o n s .  S i m i l a r l y ,  an a n a l y s i s  of a c c i d e n t s  on t h e  

e n t r a n c e  ramps was done t o  determine i f  t h e  p resence  of  ramp 

meter ing  adverse ly  a f f e c t e d  t h e  a c c i d e n t  r a t e  a s  a  r e s u l t  of  

having v e h i c l e s  s topped on t h e  ramps. 



CHAPTER TWO 

MODIFICATTONS AT RAMP METERING INSTALLATIONS 

RAMP METERING INSTALLATION REDESIGN 

The o r i g i n a l  ramp me te r ing  i n s t a l l a t i o n s ,  i n s t a l l e d  i n  

1967 by T T I ,  c o n s i s t e d  of  a  s t a n d a r d  t r a f f i c  s i g n a l  head 

mounted midway a long  t h e  ramp, an  exp lana to ry  s i g n  mounted 

below t h e  s i g n a l ,  a  p a i n t e d  w h i t e  s t o p  b a r  on t h e  pavement 

a d j a c e n t  t o  t h e  s i g n a l ,  a  warning s i g n  w i t h  amber f l a s h e r  

a t  t h e  head o f  t h e  ramp a l e r t i n g  m o t o r i s t s  t o  t h e  p re sence  

and o p e r a t i o n a l  s t a t u s  o f  t h e  me te r ing ,  and i n d u c t i o n  loop  

p re sence  d e t e c t o r s  (34)  . 
The s i g n a l  head,  i n s t a l l e d  a t  a  low l e v e l  and a d j a c e n t  

t o  t h e  l e f t  s i d e  of  t h e  ramp, c o n s i s t e d  of s t a n d a r d  r e d ,  amber, 

and g r e e n  a s p e c t s .  The e x p l a n a t o r y  s i g n  below t h e  s i g n a l  

was w h i t e  w i th  b l a c k  l e t t e r i n g  and r e a d  "Stop  Here On 

S i g n a l . "  The s i g n  a l s o  b o r e  an  arrow i n d i c a t i n g  t h e  l o c a t i o n  

of t h e  w h i t e  s t o p  b a r .  I n  t h e  e a r l y  phases  of ramp metelring 

r e s e a r c h ,  it was found t h a t  t h e  "S top  Here For S i g n a l "  s i g n  

was a  s o u r c e  o f  con fus ion  f o r  some m o t o r i s t s ,  and t h e  s i g n s  

were l a t e r  modi f ied  t o  r e a d  "Stop  Here For Red." 

The yel low warning s i g n  was diamond-shaped i n  confor -  

mance w i t h  s t a n d a r d  t r a f f i c  e n g i n e e r i n g  p r a c t i c e .  A f l a s h i n g  

amber s i g n a l  was i n s t a l l e d  above t h e  s i g n  t o  b e t t e r  c a l l  

a t t e n t i o n  t o  t h e  s i g n  message -- "RAMP METERED WHEN FLASHING. " 



Vehicle presence  near  t h e  s i g n a l  was d e t e c t e d  i n i t i a l l y  

by a s ix-by-s ix  f o o t  loop d e t e c t o r  l o c a t e d  immediately up- 

s t ream of  t h e  ramp s i g n a l ,  These d e t e c t o r s  were ass igned two 

f u n c t i o n s  by T T I ,  v e h i c l e  counts  and ramp metering.  I t  was 

recognized a t  t h e  time t h a t  t h i s  arrangement was undes i rab le  

from an o p e r a t i o n a l  s t a n d p o i n t  -- some v e h i c l e s  were s topp ing  

be fo re  reach ing  t h e s e  loops  and were thus  no t  being d e t e c t e d .  

A t  s i x  of t h e  ramps t h e  meter ing  s t r a t e g y  allowed one 

v e h i c l e  a t  a time t o  pass  through t h e  s i g n a l  up t o  a  maximum 

of twelve v e h i c l e s  pe r  minute,  Each e n t e r i n g  d r i v e r  was 

always p resen ted  wi th  a  r e d  i n d i c a t i o n  a t  t h e  s i g n a l .  I f  no 

v e h i c l e s  approached i t ,  t h e  s i g n a l  would remain i n  t h e  s t a t i c  

r e d  s t a t e .  Thus, every d r i v e r  was r e q u i r e d  t o  s t o p  a t  t h e  

ramp s i g n a l ,  and d r i v e r s  were t o  proceed through one v e h i c l e  

a t  a  t ime,  This was done by making t h e  green pe r iod  s o  s h o r t ,  

1 . 5  seconds followed by P , 5  seconds of amber, t h a t  only  one 

v e h i c l e  could l e g a l l y  pass  through. The day a f t e r  ramp 

metering began, a  l o c a l  newsman wrote "The West Chicago ramp 

s i g n a l  turned green only  f o r  a f l a s h ,  and d r i v e r s  needed a 

drag-rac ing s t a r t  t o  make it p a s t  t h e  s i g n a l  l e g a l l y .  'I' The 

1,5 second green phase, however, d i d  g e n e r a l l y  prove t o  be 

adequate f o r  one v e h i c l e  t o  pass  through. 

l ~ e t r o i t  News, J u l y  7 ,  1967,  Jon Lowell. 



I n  t h e  absence of any o t h e r  explanatory  d e v i c e s ,  it 

was expected t h a t  t h e  d r i v e r  would t r e a t  t h e  ramp meter ing  

s i g n a l  a s  he would any o t h e r  t r a f f i c  s i g n a l .  The l o g i c  

behind t h e  s i n g l e  s e r v i c e  ramps was never thoroughly p resen ted  

t o  t h e  p u b l i c .  The in fo rmat iona l  l e a f l e t  passed o u t  t o  ramp 

u s e r s  t h e  f i r s t  day of ramp meter ing  informed t h e  m o t o r i s t  

t h a t  "you a r e  l e g a l l y  r e q u i r e d  t o  s t o p  f o r  t h i s  l i g h t  j u s t  

a s  you a r e  f o r  any s i m i l a r  t r a f f i c  s i g n a l  on any s t r e e t "  ( 3 4 ) .  

Considering t h e  experimental  n a t u r e  of t h e s e  i n s t a l l a t i - o n s  

t h i s  s t a t ement  may no t  have been e n t i r e l y  t r u e ,  b u t  t h e  

success  of t h e  system depended on m o t o r i s t s  r e s p e c t i n g  t h e  

s i g n a l .  

I n  t h e  p u b l i c i t y  surrounding t h e s e  f i r s t  i n s t a l l a t i o n s ,  

l i t t l e  emphasis was p laced on t h e  one-vehicle-at-a-time 

s t r a t e g y  s o  e s s e n t i a l  t o  t h e  metering ( 3 4 ) .  The emphasis 

i n s t e a d  was on slowing down t h e  r a t e  of ramp e n t r i e s  and 

d i v e r t i n g  some p o t e n t i a l  freeway u s e r s  t o  o t h e r  r o u t e s  because 

of  inc reased  ramp delay .  I n  f a c t ,  t h e  in fo rmat iona l  l e a f l e t  

handed ramp u s e r s  never c l e a r l y  s t a t e d  t h a t  only  one viehicle 

should pass  on green.  The l e a f l e t  read:  

"When t h e  l i g h t  t u r n s  green,  t h e  f i r s t  c a r  

should proceed and should be a b l e  t o  merge wi th  

t r a f f i c  on t h e  freeway. ... Normally t h e  green 

w i l l  be  on only  long enough f o r  one c a r  t o  g e t  



through, ... . . ,you a r e  urged t o  keep a l e r t  

and be  prepared t o  s t o p  when t h e  l i g h t  t u r n s  

yel low, a s  you a r e  a t  any s u r f a c e  t r a f f i c  

s i g n a l .  " 

Viola t ions  perhaps would have been reduced had m o t o r i s t s  been 

presented  wi th  a  more adequate explanat ion .  

The 1969 T T I  F i n a l  Report noted a  v i o l a t i o n  r a t e  a t  t h e  

m,etering s i g n a l s  "as  high a s  40% on some ramps." Most of  

t h e s e  v i o l a t i o n s  c o n s i s t e d  of  two consecut ive  v e h i c l e s  pass ing  

through on t h e  green c y c l e  when time was a l l o t t e d  f o r  only  

one v e h i c l e  ( 9 ) .  S ince  t h e  green c y c l e  f o r  s i n g l e  s e r v i c e  

ramps c o n s i s t e d  of 1 .5  seconds of green fol lowed by 1 .5  seconds 

of amber, i t  was e v i d e n t  t h a t  v i o l a t o r s  were "running t h e  

yellow l i g h t . "  They were, indeed,  t r e a t i n g  t h e  meter ing  

s i g n a l  a s  they would a  t r a f f i c  s i g n a l  t o  t h e  de t r imen t  o f  

c o n t r o l  o p e r a t i o n s .  Any apparent  d i s r e s p e c t  f o r  any of  t h e  

metering dev ices  was of concern. 

I t  was e v i d e n t  t h a t  t h e r e  was a  s u r v e i l l a n c e  c o n t r o l  

problem a s  we l l .  The magnitude of  t h e  v i o l a t i o n  r a t e  was 

such t h a t  when t h e  minimum meterfng r a t e  o f  t h r e e  v e h i c l e s  

pe r  minute was imposed, t h e  a c t u a l  e n t r y  r a t e  exceeded f o u r  

v e h i c l e s  p e r  minute. I t  was o f t e n  d e s i r a b l e  t o  a l low even 

fewer v e h i c l e s  o n t o  t h e  freeway i n  a g iven minute a s  a  r e s u l t  

of downstream conges t ion ,  V i o l a t i o n s  compounded t h e  



s u r v e i l l a n c e  problem i n  t h e s e  c a s e s ,  s i n c e  a  d e s i r e d  e n t r y  

r a t e  o f  two, one ,  o r  no v e h i c l e s  would s t i l l  r e s u l t  i n  an 

a c t u a l  f o u r  v e h i c l e s  e n t e r i n g  t h e  f reeway.  There  was no way 

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

computed m e t e r i n g  r a t e  a s  t h e r e  would be  f o r  h i g h e r  r a t e s .  

The p r o j e c t  was c o n s t r a i n e d  t o  a  maximum c y c l e  time of  20 

seconds ,  bo th  f o r  p o l i t i c a l  r e a s o n s  and t h e  assumpt ion  t h a t  

ramp u s e r s  would n o t  t o l e r a t e  l o n g e r  d e l a y s .  

A s  a  r e s u l t  of  t h e s e  problems,  changes  i n  t h e  ramp 

m e t e r i n g  i n s t a l l a t i o n s  were made i n  1969 i n  a n  a t t e m p t  t o  

r educe  t h e  v i o l a t i o n  r a t e .  Most changes were made o n l y  a t  

t h e  Seward ramp, t h e  l o c a t i o n  of t h e  h i g h e s t  v i o l a t i o n  r a t e  

( F i g u r e  2 ) .  The t h r e e - a s p e c t  s i g n a l  was r e p l a c e d  w i t h  a two- 

a s p e c t  s i g n a l ,  t h e  s i g n a l  was moved up t h e  ramp 16 f e e t  t o  a  

l o c a t i o n  between t h e  two e x i s t i n g  in-pavement l o o p  d e t e c t o r s ,  

a  new s i g n  was p l a c e d  nea r  t h e  s i g n a l  and c h a n n e l i z a t i o n  

markings were added. 

A d d i t i o n a l  l oop  d e t e c t o r s  had been i n s t a l l e d  p r e v i o u s l y  

by Texas T r a n s p o r t a t i o n  I n s t i t u t e  i n  1969 on a l l  t h e  e n t r a n c e  

ramps t o  l e s s e n  t h e  p o s s i b i l i t y  o f  v e h i c l e s  n o t  b e i n g  d e t e c t e d  

when s topped  a t  t h e  s i g n a l .  The new d e t e c t o r s ,  measur ing  

twe lve  f e e t  by s i x  f e e t ,  were l o c a t e d  s i x  f e e t  ups t ream o f  

t h e  o r i g i n a l  d e t e c t o r s .  
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The removal of t h e  amber a s p e c t  was in tended t o  make 

it more d i f f i c u l t  f o r  a  second e n t e r i n g  d r i v e r  t o  avoid  

v i o l a t i n g  t h e  r e d  a s p e c t ,  I t  was f e l t  t h a t  v i o l a t i o n s  

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

t h e  yel low l i g h t "  i s  a common p r a c t i c e  a t  s i g n a l i z e d  i n t e r -  

s e c t i o n s  t h a t  i s  perhaps t r a n s f e r r e d  t o  ramp s i g n a l s .  Con- 

s i d e r i n g  t h e  incomplete exp lana t ion  of s i n g l e  s e r v i c e  ramp 

metering by T T I  and t h e  f a c t  t h a t  two ramps, West Grand 

Boulevard and Davison, d i d  a l low m u l t i p l e  e n t r i e s  on green,  

it was cons idered  d e s i r a b l e  t o  inform d r i v e r s  e x p l i c i t l y  

of t h e i r  r e q u i r e d  response  a t  t h e  s i g n a l .  Hence, t o  rekn- 

f o r c e  t h e  removal of t h e  amber a s p e c t  a t  Seward, a  r e g u l a t o r y  

"ON GREEN ONE CAR ONLY" s i g n  was designed t o  r e p l a c e  t h e  

e x i s t i n g  s i g n  a t  t h e  meter ing  s i g n a l  (F igure  3 ) .  This  s i g n  

was a l s o  p laced a t  t he  Chicago ramp. 

With t h e  smal le r  loop d e t e c t o r  downstream from 

t h e  meter ing  s i g n a l ,  i t  was then  u t i l i z e d  a s  a conf i rmat ion  

d e t e c t o r  of  t h e  passage of a  velrxicle. When a v e h i c l e  c rossed  

it, t h e  green i n d i c a t i o n  immediately changed t o  r ed .  This  

arrangement provided j u s t  enough green t ime far one v e h i c l e  

t o  pass  t h e  s i g n a l  and y e t  gave a d d i t i o n a l  f l e x i b i l i t y  t o  

a l low f o r  t h e  o c c a s i o n a l  slow responding d r i v e r .  
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The m o d i f i c a t i o n s  a t  Seward diagrammed i n  F i g u r e  2 a r e  

i l l u s t r a t e d  i n  t h e  upper p a r t  of  F i g u r e  4 .  The s i g n a l  head 

was moved t o  a  p o i n t  two feet downstream of  t h e  upstream 

loop d e t e c t o r ,  which con t inued  t o  f u n c t i o n  a s  a p resence  

d e t e c t o r .  The s t o p  b a r  was p laced  a t  t h e  downstream end of 

t h i s  loop d e t e c t o r .  The d e s i g n  l a y o u t  was such t h a t  t h e  

n e x t  v e h i c l e  w a i t i n g  a t  t h e  s i g n a l  could  n o t  r e a c h  t h e  s t o p  

l i n e  w i t h o u t  encoun te r ing  a r e d  s i g n a l .  The yel low channe l i -  

z a t i o n  markings were inc luded  t o  encourage d r i v e r s  t o  c e n t e r  

t h e i r  v e h i c l e s  over  t h e  p resence  c o n f i r m a t i o n  d e t e c t o r s .  The 

"RAMP METERED WHEN FLASHING" s i g n  w i t h  i t s  f l a s h e r  was l a t e r  

removed a t  t h e  Chicago ramp. 

RESEARCH APPROACH 

"Before" and " a f t e r "  s t u d i e s  of t h e  v i o l a t i o n  r a t e  

f o r  t h e  above se t  o f  m o d i f i c a t i o n s  were made a t  t h e  Seward 

ramp. V i o l a t i o n  d a t a  were o b t a i n e d  from computer r e c o r d s  by 

comparing t h e  number of g reen  i n d i c a t i o n s  w i t h  t h e  number 

of  v e h i c l e s  r ecorded  e n t e r i n g  t h e  freeway. Excess v e h i c l e s  

were v i o l a t i o n s .  These d a t a  were confirmed by v i s u a l  inspec-  

t i o n  o f  t r a f f i c  o p e r a t i o n s  a t  Seward a f t e r  t h e  m o d i f i c a t i o n s  

were made by means of  the t e l e v i s i o n  s u r v e i l l a n c e  moni to r s .  

I n  o r d e r  t o  i s o l a t e  t h e  e f f e c t s  of  t h e  "ON GREEN ONE 

CAR ONLY" s i g n ,  t h e  s i g n  was i n s t a l l e d  a t  t h e  Chicago ramp 
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without  any of t h e  o t h e r  modi f i ca t ions  being done. A 

s i m i l a r  v i o l a t i o n  s tudy was then  done a t  Chicago and t h e  

r e s u l t s  compared with t h e  Seward ramp. Also a t  t h e  Chicago 

ramp t h e  impact of t h e  removal of t h e  "RAMP METERED WHEN 

FLASHING" s i g n  on t h e  v i o l a t i o n  r a t e  was s t u d i e d .  This  l a t t e r  

s tudy t.ook p l a c e  s e v e r a l  months a f t e r  t h e  s tudy of t h e  

explanatory  metering s i g n .  

EFFECTIVENESS OF THE "ON GREEN ONE CAR ONLY" SIGN 

I n  J u l y ,  1969, t h e  "ON GREEN ONE CAR ONLY" s i g n  was 

i n s t a l l e d  a t  t h e  Chicago ramp i n  o r d e r  t o  determine t h e  e f f e c t  

i t  would have on t h e  v i o l a t i o n  r a t e ,  The u n i t  of comparison 

chosen was t h e  number of v i o l a t i o n s  pe r  five-minute i n t e r v a l .  

This  informat ion  was compiled au tomat ica l ly  by t h e  computer 

which compared t h e  number of  green i n d i c a t i o n s  pe r  f i v e -  

minute i n t e r v a l  w i t h  t h e  a c t u a l  number of v e h i c l e s  t h a t  went 

through dur ing  t h e  i n t e r v a l .  I t  was assumed t h a t  t h e  i n t e r v a l  

was long enough f o r  success ive  obse rva t ions  of v i o l a t i o n s  t o  

be independent ,  Should v i o l a t i o n s  be randomly occur r ing  

even t s ,  i t  was expected t h a t  t h e  number of v i o l a t i o n s  pe r  

i n t e r v a l  would vary d i r e c t l y  wi th  t h e  volumes pe r  i n t e r v a l .  

A t  low volumes, however, t h e  oppor tun i ty  f o r  v i o l a t i o n  would 

be l e s s  owing t o  t h e  preponderance of one v e h i c l e  ramp queues. 

A t  very h igh demand l e v e l s  t r a f f i c  p r e s s u r e  i n  terms of long 



queues and wa i t ing  t imes might induce a d d i t i o n a l  v i o l a t i o n s .  

These e f f e c t s  were i n v e s t i g a t e d  by means of d i r e c t  t e l e -  

v i s i o n  obse rva t ion  of metering opera t ions  a t  t h e  Chicago 

ramp, Also, a  p l o t  of f ive-minute volumes ve r sus  v i o l a t i o n s  

f o r  one day d i s c l o s e d  an approximately l i n e a r  r e l a t i o n s h i p  

wi th  no evidence of b i a s .  

Before t h e  i n s t a l l a t i o n  of t h e  s i g n ,  t h e  average number 

of v i a l a t i o n s  per  f ive-minute i n t e r v a l  was 3.36 f o r  a  sample 

of 287 i n t e r v a l s .  Af te r  t h e  s i g n  i n s t a l l a t i o n ,  t h e  v i o l a t i o n  

r a t e  was reduced 81% t o  0.48 v i o l a t i o n s  per  i n t e r v a l  f o r  

710 i n t e r v a l s .  Appl ica t ion  of t h e  " t "  t e s t  showed t h a t  

t h i s  l a r g e  reduc t ion  of  t h e  v i o l a t i o n  r a t e  was s t a t i s t i c a l l y  

s i g n i f i c a n t  a t  t h e  0 . 0 1  l e v e l .  

Addi t iona l  v i o l a t i o n  s t u d i e s  were conducted by observa- 

t i o n  of t r a f f i c  o p e r a t i o n s  a t  t h e  Chicago ramp by t e l e v i s i o n  

s u r v e i l l a n c e  personnel .  A "before"  s tudy was conducted from 

3:45 p.m. t o  5:15 p.m. on J u l y  1 4 ,  1 9 6 9 .  During t h i s  pe r iod ,  

t h e r e  were 2 9 1  o p p o r t u n i t i e s  f o r  v i o l a t i o n :  An oppor tun i ty  

c o n s i s t e d  of a t  l e a s t  two v e h i c l e s  wa i t ing  a t  t h e  s i g n a l .  

There were 81 v i o l a t i o n s  observed,  a  v i o l a t i o n  r a t e  of 2 8 % .  

O f  t h e s e  81 v i o l a t i o n s  2 2  were by d r i v e r s  who had witnessed 

a p r i ~ r  v i o l a t i o n  by a  v e h i c l e  ahead of  them. During one 

interval t h e r e  were s i x  such consecut ive  v i o l a t i o n s  involving 

a total of l 2  v e h i c l e s .  This i s  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  



i n d i c a t i o n  t h a t  s e e i n g  a  v i o l a t i o n  encourages  o t h e r  d r i v e r s  

t o  do l i k e w i s e .  I n  a d d i t i o n ,  f i v e  v e h i c l e s  i gno red  t h e  r e d  

l i g h t  when no o t h e r  v e h i c l e s  were p r e s e n t  and e n t e r e d  t h e  

freeway w i t h o u t  s topp ing .  

A s i m i l a r  " a f t e r "  s tudy  was conducted from 4:00 p.m. t o  

5:15 p.m. on August 1, a f t e r  t h e  i n s t a l l a t i o n  of t h e  "ON 

GREEN ONE CAR ONLY" s i g n  J u l y  28. Out of  2 0 0  o p p o r t u n i t i e s  

f o r  v i o l a t i o n ,  20 were committed,  a  v i o l a t i o n  r a t e  of  1 0 % .  

A b inomia l  d i f f e r e n c e  t e s t  was s i g n i f i c a n t  a t  t h e  0.01 l e v e l ,  

p r o v i d i n g  a  s t r o n g  i n d i c a t i o n  t h a t  t h e  s i g n  improved s i g n a l  

obedience .  

Of t h e  20 v i o l a t i o n s ,  o n l y  two were by d r i v e r s  who 

had wi tnes sed  a  p rev ious  v i o l a t i o n ,  a  r e s u l t  i n d i c a t i n g  t h e  

s u c c e s s  of  t he  s i g n  i n  r educ ing  t h e  i n t e r a c t i v e  d i sobed ience  

observed  i n  t h e  " b e f o r e "  s t u d y .  

EFFECTIVENESS OF THE FULL SET OF RAMP METERING MODIFICA'TIONS 

The e f f e c t  of t h e  f o u r  m o d i f i c a t i o n s  ( a d d i t i o n  of  

e x p l a n a t o r y  s i g n ,  removal of  amber a s p e c t ,  u s e  o f  con f i rma t ion  

loop  d e t e c t o r  t o  t e r m i n a t e  g reen  phase ,  and pavement 

c h a n n e l i z a t i o n  markings)  made t o  t h e  ramp me te r ing  system a t  

Seward was s t u d i e d .  Th i s  ramp was t h e  most t roublesome ramp 

i n  t h e  sys tem i n  terms of v i o l a t i o n s .  The observed  v i o l a t i o n  

r a t e  h e r e  was 46%, h i g h e r  t h a n  t h a t  a t  any o t h e r  ramp. The 



viola t ion  r a t e  was determined by dividing the t o t a l  number 

of violat ions f o r  three peak periods by the t o t a l  volume 

during these same periods. 

Six peak periods, three "before" and three " a f t e r , "  

were randomly selected f o r  analysis .  Before the modifications 

were made, the average number of violat ions per five-minute 

in te rva l  was 1 4 . 1 1  f o r  1 4 4  i n t e rva l s .  After the i n s t a l l a -  

t ions ,  the v io la t ion  r a t e  was 2.54 for  1 4 3  five-minute 

in te rva l s ,  a  decrease of 82% i n  the v io la t ion  r a t e .  Again, 

appl icat ion of the " t "  t e s t  showed t h a t  t h i s  decrease was 

s t a t i s t i c a l l y  s ign i f i can t  a t  the 0 . 0 1  leve l .  The v io la t ion  

r a t e ,  based on volume, had decreased from 4 6 %  t o  11%. 

A visual  study of operations a t  the ramp a f t e r  the 

above modifications were made was conducted between 3:45 and 

5:20 p.m. on July 15 .  Of the 348 opportunities fo r  v io la t ion ,  

only 37 occurred f o r  a  r a t e  of 1 0 . 6 % .  Of these v io la t ions ,  

seven were committed by dr ivers  witnessing e a r l i e r  violat ions.  

Despite the somewhat heavier t r a f f i c  volumes and con- 

sequently longer delays f o r  dr ivers  a t  Seward than a t  Chicago, 

there is no apparent difference between the v io la t ion  r a t e s  

a t  these two ramps. A chi-square t e s t  performed on the 

" a f t e r "  data  f o r  the two ramp locations confirmed t h i s  be l i e f .  

Long queues were observed during the peak period a t  

Seward. Occasionally, very long waiting periods between 



s i g n a l  changes were noted ,  i n c l u d i n g  one of  50 seconds 

( d e s p i t e  a  maximum of 20 seconds s e t  i n  t h e  computer c o n t r o l l e r ) .  

These very  long w a i t s  d i d  n o t  genera te  v i o l a t i o n s  by t h e  

l e a d  v e h i c l e  nor t h e  fo l lowing v e h i c l e s .  Between 4 : 3 0  and 

5 : 2 0  p.m. t h e  ramp queue contained s i x  v e h i c l e s  o r  more a t  

a l l  t imes ,  b u t  v i o l a t i o n s  were s t i l l  i n f r e q u e n t  and occur:red 

only  randomly. Only once d i d  two v e h i c l e s  a b r e a s t  pass  

through t h e  ramp s i g n a l ,  i n d i c a t i n g  t h e  genera l  e f f e c t i v e n e s s  

of t h e  pavement markings. 

Based on t h e s e  obse rva t ions  a t  t h e  Seward and Chicago 

ramps, it appears  t h a t  one v e h i c l e  i n  t e n  w i l l  v i o l a t e  t h e  

ramp s i g n a l  when t h e  oppor tun i ty  p r e s e n t s  i t s e l f .  O u t r i g h t  

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

cons idered  a  s i g n i f i c a n t  problem. 

The modi f i ca t ions  made a t  Seward were a l l  cons idered  

d e s i r a b l e .  The pavement markings appeared t o  be e f f e c t i v e  

i n  p reven t ing  v e h i c l e s  from moving two a b r e a s t  p a s t  t h e  

s i g n a l .  The removal of t h e  amber a s p e c t ,  redundant  f o r  

s i n g l e  s e r v i c e  meter ing  schemes, and t h e  use  of a  f l e x i b l e  

green time both c e r t a i n l y  made it more d i f f i c u l t  f o r  v i o l a t o r s  

t o  avoid pass ing  on t h e  r e d  i n d i c a t i o n .  However, t h e  

exper ience  a t  Seward and Chicago i n d i c a t e d  t h a t  t h e  key 

modi f i ca t ion  was t h e  "ON GREEN ONE CAR ONLY" s i g n .  I t  i s  

p o s s i b l e  t h a t  f o r  t h e  f i r s t  t ime d r i v e r s  were informed i n  

e x p l i c i t  terms of t h e  expected response t o  t h e  ramp metering 

c o n t r o l  s i g n a l .  



EFFECTIVENESS OF THE "RAMP METERED WHEN FLASHING" SIGN 

The d e s t r u c t i o n  of t h e  "FWlP METERED WHEN FLASHING" s i g n  

i n  an a c c i d e n t  a t  t h e  Chicago ramp i n  mid-October, 1969, 

provided an oppor tun i ty  t o  measure what e f f e c t ,  i f  any, t h i s  

warning s i g n  had on t h e  v i o l a t i o n  r a t e .  I t  was be l i eved  t h a t  

t h e  presence  of t h e  ramp c o n d i t i o n  informat ion  s i g n s  may 

have e l imina ted  t h e  need f o r  t h i s  warning s i g n ,  p a r t i c u l a r l y  

a t  West Grand Boulevard and Seward where t h e  new s i g n s  were 

a d j a c e n t  t o  t h e  warning s i g n  ( 2 8 ) .  

The s tudy extended over  t h e  evening peak pe r iod  from 

2:30 t o  6 : 3 0  p.m. f o r  a  number of days b e f o r e  and a f t e r  t h e  

removal of t h e  s i g n .  A s tudy  of 7 1 0  f ive-minute i n t e r v a l s  

wi th  t h e  s i g n  s t i l l  i n  p l a c e  revea led  a  r a t e  of  0 . 4 7 6  v i o l a -  

t i o n s  p e r  i n t e r v a l ,  There was an average of 0 . 4 7 8  v i o l a t i o n s  

pe r  i n t e r v a l  f o r  1 9 6 7  peak i n t e r v a l s  when t h e  s i g n  was no 

longer  p r e s e n t .  Assuming average t r a f f i c  volumes pe r  i n t e r v a l  

t o  be t h e  same b e f o r e  and a f t e r  t h e  removal of t h e  s i g n ,  t h e r e  

was no impor tant  ( o r  s t a t i s t i c a l l y  s i g n i f i c a n t )  change i.n t h e  

v i o l a t i o n  r a t e  a s  a  r e s u l t  of t h i s  change i n  t h e  advance 

d i s p l a y  device .  

I n  a  sense ,  t h i s  r e s u l t  was t o  be expected s i n c e  t h e  

extremely e f f e c t i v e  "ON GREEN ONE CAR ONLY" s i g n  was p r e s e n t  

f o r  both t h e  b e f o r e  and a f t e r  s t u d i e s .  An i n c r e a s e  i n  

v i o l a t i o n s  would have meant t h a t  d r i v e r s  were d isobeying t h i s  



s i g n  a s  well a s  t h e  m e t e r i n g  s i g n a l .  S i n c e  v i o l a t i o n s  di ld  

riot i n c r e a s e ,  it i s  conc luded  t h a t  t h e  s i g n  i s  n o t  opera-  

t i o n a l l y  n e c e s s a r y  f o r  t h e  m a j o r i t y  of  d r i v e r s .  

The "RAMP METERED WHEN FLASHING" s i g n s  were o r i g i n a l l y  

i n s t a l l e d  by T T I  f o r  r e a s o n s  o f  good t r a f f i c  e n g i n e e r i n g  

p r a c t i c e  a s  ramp m e t e r i n g  was a  new concep t  ( 3 4 )  . Having t o  

s t o p  on an a c c e l e r a t i o n  ramp i s  i n i m i c a l  t o  t h e  r amp ' s  pur- 

pose  and i t  i s  r e a s o n a b l e  t o  p r o v i d e  a  warning s i g n  t o  a l e r t  

t h e  d r i v e r  t o  such  an unexpec ted  c o n d i t i o n  ahead.  The pr imary 

purpose  of t h e  s i g n  i s  s a f e t y  -- t h e  p r e v e n t i o n  o f  r ea r - end  

c o l l i s i o n s  by app roach ing  v e h i c l e s  w i t h  o t h e r  v e h i c l e s  

s topped  on  t h e  ramp -- r a t h e r  t h a n  t h e  p r e v e n t i o n  o f  v i o l a -  

t i o n s .  The e f f e c t i v e n e s s  of  t h e  s i g n  i n  t h a t  r e g a r d  might  be  

i n f e r r e d  from t h e  a c c i d e n t  e x p e r i e n c e  p r e s e n t e d  i n  Chapter  

Four .  Ramp me te r ing  had e x i s t e d  f o r  o v e r  two y e a r s  a t  t h e  

t i m e  o f  t h i s  s t u d y ,  b u t  it was concluded t h a t  t h e  s i g n  s t i l l  

s e r v e d  a  u s e f u l  and needed f u n c t i o n  f o r  d r i v e r s  u n f a m i l i a r  

w i t h  ramp me te r ing .  Those d r i v e r s  t h a t  used t h e  ramp every  

day may have been s o  accustomed t o  t h e  s i t u a t i o n  t h a t  t h e y  

neve r  missed t h e  warning s i g n  d u r i n g  t h e  s t u d y .  





CHAPTER THREE 

MODIFICATIONS I N  RAMP METERING 

CONTROL STRATEGY 

The b a s i c  c o n t r o l  s t r a t e g y  f o r  ramp me te r ing  was t o  

keep s u f f i c i e n t  v e h i c l e s  o f f  t h e  freeway t o  m a i n t a i n  a  l e v e l  

of s e r v i c e  which would a l l ow  t r a f f i c  t o  move a t  speeds  of  

a t  l e a s t  45  m i l e s  p e r  hour .  To ach i eve  t h i s ,  t h e  Texas 

 rans sport at ion I n s t i t u t e  ( T T I )  used a  "demand-capacity" 

mode of o p e r a t i o n  i n  which t h e  f low measured upstream of 

t h e  ramp, r e p r e s e n t i n g  t h e  t r a f f i c  demand, was compared w i t h  

t h e  prede te rmined  downstream c a p a c i t y  ( 3 4 ) .  The me te r ing  

r a t e  was de te rmined  from the d i f f e r e n c e  between c a p a c i t y  and 

demand. The freeway was d i v i d e d  i n t o  " ~ u b s y s t e m s , ~  each 

c o n t a i n i n g  one e n t r a n c e  ramp and bordered  by d e t e c t o r  s t a t i o n s .  

Each d e t e c t o r  s t a t i o n  had overhead s o n i c  d e t e c t o r s  f o r  every  

l a n e  o f  t r a f f i c  t o  p rov ide  t h e  volume and occupancy i n p u t s  

neces sa ry  f o r  t h i s  me te r ing  c o n t r o l  s t r a t e g y .  The network 

o f  d e t e c t o r  s t a t i o n s  was incomple te  when The U n i v e r s i t y  of 

Michigan commenced i t s  r e s e a r c h  i n  1 9 6 9 .  Ten overhead 

s o n i c  d e t e c t o r s  were i n s t a l l e d  i n  1 9 6 9  on t h e  Oakman, Dexte r ,  

and Greenlawn o v e r p a s s e s  t o  improve t h e  ramp me te r ing  capa- 

b i l i t y  i n  t h e  n o r t h e r n  h a l f  of t h e  freeway c o r r i d o r .  



The presence  of ramp meter ing  had i n c r e a s e d  conges t ion  

problems caused by ramp queue l e n g t h s .  T T I  had used a  

h igher  c a p a c i t y  meter ing  s t r a t e g y  a t  t h e  two b u s i e s t  en t rance  

ramps (West Grand Boulevard and Davison) , b u t  t h i s  s t i l l  

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

Department of S t r e e t s  and T r a f f i c  was p a r t i c u l a r l y  concerned 

w i t h  t h e  e f f e c t s  of t h e  meter ing  on s a f e t y  and o p e r a t i o n s  a t  

t h e s e  loca t ions . '  A s p e c i a l  s tudy  t o  de termine  t h e  f e a s i -  

b i l i t y  of r e l a x i n g  ramp meter ing  a t  t h e  Davison Expressway 

t o  Lodge Freeway ramp a t  t imes of i n t o l e r a b l e  ramp conges t ion  

i s  p resen ted  i n  t h i s  chap te r .  

Other  than  t h e  modi f i ca t ions  i n  s t r a t e g y  necessary  a t  

Davison, t h e  c e n t r a l  o b j e c t i v e  of t h e  1969 i n v e s t i g a t i o n s  of 

t h e  meter ing  c o n t r o l  s t r a t e g y  was t o  improve ramp o p e r a t i o n s  

whi le  ma in ta in ing  an a c c e p t a b l e  l e v e l  of s e r v i c e  on t h e  f r e e -  

way. The f e a s i b i l i t y  of t a k i n g  i n t o  c o n s i d e r a t i o n  both dry  

and wet pavement cond i t ions  i n  t h e  c o n t r o l  s t r a t e g y  i s  a l s o  

p resen ted  i n  t h i s  c h a p t e r .  P a r a l l e l  s t u d i e s  t o  improve ramp 

o p e r a t i o n s  through use  of  ramp c o n d i t i o n  informat ion  and 

v a r i a b l e  message s i g n s  a r e  p resen ted  i n  o t h e r  r e p o r t s  ( 2 8 ,  

'nalo, Alger F . ,  P r i v a t e  Communication. 



2 9 ) .  The f u n c t i o n  of  t h e s e  s i g n s  was t o  d i v e r t  s u f f i c i e n t  

ramp t r a f f i c  t o  r educe  ramp conges t ion .  

RAMP METERING STRATEGY REVISION 

The Texas T r a n s p o r t a t i o n  I n s t i t u t e  has  developed two 

b a s i c  approaches t o  ramp me te r ing  s t r a t e g y .  TTI employed 

t h e  demand-capacity approach mentioned above on t h e  Lodge 

Freeway. I n  a n o t h e r  freeway s u r v e i l l a n c e  p r o j e c t  T T I  developed 

a  gap accep tance  s t r a t e g y  ( 4 ) .  I n fo rma t ion  on t h e  time head- 

ways between v e h i c l e s  i n  t h e  s h o u l d e r  l a n e  o f  t h e  f reeway 

was used t o  de t e rmine  t h e  e x i s t e n c e  of  a c c e p t a b l e  gaps f o r  

ramp v e h i c l e s .  The r e l e a s e  of  t h e  ramp v e h i c l e s  was t h e n  

t imed t o  promote a  more e f f i c i e n t  merge i n t o  t h e  t r a f f i c  

s t r eam.  A f t e r  s t u d y ,  i t  was dec ided  n o t  t o  a l l o t  any p r o j e c t  

r e s o u r c e s  t o  compare t h e s e  approaches b u t  t o  a t t e m p t  t o  over-  

come t h e  d i f f i c u l t i e s  a s s o c i a t e d  w i t h  o p e r a t i o n s  of  t h e  

demand-capacity mode of o p e r a t i o n .  

The l i t e r a t u r e  on sys t em-con t ro l l ed  ramp me te r ing  (meter- 

i n g  based  p a r t l y  on o p e r a t i o n s  i n  o t h e r  subsys tems)  was 

reviewed.  (See t h e  most s i g n i f i c a n t  p u b l i c a t i o n s  i n  t h e  

P i s t  o f  r e f e r e n c e s  f o l l o w i n g  Chapter  6 . )  There  was no 

a p p a r e n t  r e a s o n  t o  make major  changes i n  t h e  p r e s e n t  approach 

s i n c e  it was n o t  l i k e l y  t h a t  any a l t e r n a t i v e  i n  which up- 

s t r e a m  me te r ing  was based on downstream c o n g e s t i o n  would b r i n g  

s i g n i f i c a n t  improvements. The T T I  s t r a t e g y  con ta ined  some 



p r o v i s i o n  f o r  system o p e r a t i o n  i n  t h a t  excess ive  demand i n  

a  subsystem r e s u l t e d  i n  meter ing  adjustments  i n  t h e  sub- 

system immediately upstream t o  reduce  t h e  demand. I t  was 

expected t h a t  o p e r a t i o n  of t h e  freeway c o r r i d o r  t o  d i v e r t  

p o t e n t i a l  freeway u s e r s ,  p a r t i c u l a r l y  those  wi th  s h o r t  t r i p s ,  

t o  a l t e r n a t e  s u r f a c e  r o u t e s  would provide  genuine system 

o p e r a t i o n  wi th  t h e  maximization of v e h i c l e  mi les  of  t r a v e l  

on t h e  freeway. 

Two a l t e r n a t i v e  demand-capacity s t r a t e g i e s  had been 

t e s t e d  by T T I  i n  D e t r o i t  ( 9 ) .  The f i r s t  s t r a t e g y ,  " r e a l -  

time" c o n t r o l ,  counted i n p u t  and o u t p u t  volumes a s  they were 

rece ived  by t h e  computer r a t h e r  than  us ing  one-minute 

t o t a l s .  The tec l l r~ ique  was found t o  be too  s e n s i t i v e  t o  

changes i n  demand, however, and d i d  n o t  g ive  s a t i s f a c t o r y  

performance. The a l t e r n a t i v e  s t r a t e g y  a c t u a l l y  used by T T I  

was "pseudo rea l - t ime"  c o n t r o l  where f i x e d  metering r a t e s  

were updated every minute r a t h e r  than  every second. 

To guarantee  lower meter ing  r a t e s  dur ing  congested pe r iods ,  

pseudo rea l - t ime  c o n t r o l  reduced t h e  maximum meter ing  r a t e s  

whenever freeway speeds dropped below two-thirds of  t h e  

predetermined f ree- f low speed. The b a s i c  t r a f f i c  parameter  

f o r  t h i s  s t r a t e g y  was t h e  a v a i l a b l e  c a p a c i t y  i n  t h e  n  
t h  

subsystem, An,  t h e  use  of which i s  i l l u s t r a t e d  i n  Figure  5. 

An was ass igned a  p o s i t i v e  v a l u e  i f  t h e  occupancy a t  t h e  



d e t e c t o r  s t a t i o n  immediately downstream of t h e  ramp was less 

than  t h e  occupancy f o r  maximum flow. Otherwise,  a n e y a t l v e  

v a l u e  was ass igned.  For an i s o l a t e d  subsystem con ta in ing  

one en t rance  ramp, a  n e g a t i v e  An would i n d i c a t e  t h a t  f r e e -  

way c a p a c i t y  was exceeded a t  t h e  e n t r a n c e  ramp, and minimum 

meter ing  r a t e s  e s t a b l i s h e d  by p o l i c y  c o n s i d e r a t i o n s  woulld 

be  used. I f  n o t ,  t h e  meter ing  r a t e  was s e t  equa l  t o  t h e  

a v a i l a b l e  c a p a c i t y  us ing  t h e  fo l lowing q u a d r a t i c  r e l a t i o n -  

s h i p  : 

where C i s  t h e  freeway c a p a c i t y  i n  t h e  nth subsystem 

0 i s  t h e  occupancy i n  t h e  previous  minute 

i s  t h e  occupancy f o r  maximum flow 

Then t h e  meter ing  r a t e  i s :  

0 - < 213  O C  The maximum r a t e  

2/3 O c  2 0 B c  An' i f  An i s  n o t  l e s s  than  t h e  

minimum r a t e  nor more than  

t h e  maximum r a t e .  Otherwise,  

use  t h e  minimum o r  maximum r a t e .  

The minimum r a t e .  



F I G U R E  5 
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Thi s  approach of  u s i n g  o n l y  one d e t e c t o r  s t a t i o n  i n  a  

subsystem t o  de t e rmine  me te r ing  r a t e s  d i d  n o t  t a k e  i n t o  

accoun t  t h e  p o s s i b i l i t y  o f  an a c c i d e n t  o r  o t h e r  c a p a c i t y -  

r educ ing  i n c i d e n t  o c c u r r i n g  j u s t  upstream of t h e  d e t e c t o r  

s t a t i o n .  I n  t h i s  c a s e ,  t h e  occupancy a t  t h e  s t a t i o n  would 

remain low b u t  t h e  h i g h  me te r ing  r a t e  g e n e r a t e d  would o n l y  

i n c r e a s e  t h e  c o n g e s t i o n  b u i l d i n g  upstream from t h e  i n c i d e n t .  

The me te r ing  r a t e  shou ld  be  se t  s o  t h a t  t h e  number o f  v e h i c l e s  

i n  t h e  subsystem between d e t e c t o r  s t a t i o n s ,  t h e  s t o r a g e ,  

does  n o t  exceed a  c r i t i c a l  l e v e l .  This  would a l s o  enabLe 

t h e  me te r ing  : r a t e  t o  be  r e s p o n s i v e  t o  a  sudden i n c r e a s e  i n  

f low i n t o  t h e  subsystem.  

The s t o r a g e  i n  a  subsystem a t  t h e  end of  each  minute  

could  b e  ca l cu l - a t ed  i f  t h e  number of v e h i c l e s  w i t h i n  t h e  

subsystem a t  some p o i n t  i n  t ime  were known. This  i n i t i a l  

s t o r a g e  f i g u r e  could  b e  updated f o r  succeed ing  minutes  by 

means o f  measured i n p u t  volumes t o  and o u t p u t  volumes from 

t h e  subsystem.  U n f o r t u n a t e l y ,  it  was n o t  p o s s i b l e  t o  m~easure 

d i r e c t l y  t h e  number of v e h i c l e s  w i t h i n  t h e  subsystem w i t h  

t h e  s e n s i n g  sys tem a v a i l a b l e  and a  method was d e v i s e d  t o  

p r o v i d e  an  e s t i m a t e  o f  t h e  subsystem s t o r a g e .  

S t o r a g e  was e s t i m a t e d  by d i v i d i n g  t h e  e s t i m a t e d  t o t a l  

t r a v e l  i n  t h e  subsystem ( v e h i c l e - m i l e s  p e r  minute)  by t h e  

ave rage  s p a c e  mean speed  (miles p e r  m i n u t e ) .  The t r a v e l  



i n  t h e  subsystem and t h e  average speed were determined from 

t h e  d e t e c t o r  s t a t i o n  volumes and occupancies,  en t rance  and 

e x i t  ramp volumes, and t h e  d i s t a n c e s  between t h e  ramps 

wi th in  t h e  subsystem. Der iva t ions  of t h e  r e l a t i o n s h i p s  a r e  

presented  i n  ~ p p e n d i x  A .  

Once t h e  s t o r a g e  has been es t imated  f o r  a g iven minute 

i t  can be updated from t h e  n e t  i n p u t  o r  ou tpu t  volume of  

t h e  subsystem i n  succeeding minutes a s  mentioned above, o r  

i t  can be es t imated  i n  succeeding minutes by reapplying 

t h e  above s t o r a g e  formulas each minute. Cons i s t en t  wi th  

t h e  f i n d i n g s  o f  o t h e r  s t u d i e s ,  i t  was found t h a t  t h e  method 

based on volume i n p u t s  and ou tpu t s  d r i f t e d  i n t o  e r r o r  a s  a 

r e s u l t  of d e t e c t o r  e r r o r s .  Therefore ,  a conse rva t ive  

approach was used and a t  t h e  end of each minute s t o r a g e  

values  c a l c u l a t e d  by both methods were compared and t h e  

g r e a t e r  va lue  used t o  c a l c u l a t e  t h e  metering r a t e s ,  The 

s e l e c t e d  s t o r a g e  value  was a l s o  used f o r  t h e  input -output  

updat ing  i n  t h e  nex t  minute. I n  us ing  t h e  l a r g e r  es t imated  

s t o r a g e  va lue  t h e  metering s t r a t e g y  at tempted t o  compensate 

f o r  p o s s i b l e  e s t i m a t e  e r r o r s  by l i m i t i n g  subsystem i n p u t  more 

than might be necessary i f  a b e t t e r  sens ing system were 

a v a i l a b l e .  

For each subsystem t h e r e  was a predetermined maximum 

al lowable  s to rage .  Whenever t h e  c a l c u l a t e d  s t o r a g e  was 



g r e a t e r  than  t h i s  a l lowable  s t o r a g e  va lue ,  minimum metering 

r a k e s  were employed. Otherwise, t h e  meter ing  r a t e  was s e t  

equal  t o  t h e  d i f f e r e n c e  between t h e  s t o r a g e  e s t i m a t e  and 

t h e  a l lowable  s t o r a g e  up t o  t h e  maximum metering r a t e .  

The method of metering was a t  f i r s t  changed a t  only 

t h e  four  upstream ramps (West Grand Boulevard t o  Webb). 

L a t e r ,  a s  d e t e c t o r  s t a t i o n s  were added between metered ramps, 

even tua l ly  a l l  ramps wi th  t h e  except ion  of Livernois  West 

(ramp number 7 i n  Figure  1) were metered by t h e  same method. 

The ramp a t  ~ i v e r n o i s  West continued t o  be  metered on t h e  

o r i g i n a l  b a s i s  us ing  preprogrammed r a t e s .  This was beca.use 

i t  was of l e s s  importance t o  t h e  system than L ive rno i s  E:ast 

and t h e  new method can independently o b t a i n  a r a t e  f o r  only  

one i n p u t  ramp per  subsystem, which i n  t h i s  c a s e  extended 

from Muirland Avenue t o  T u l l e r  Avenue. 

EFFECTIVENESS OF THE NEW RAMP METERING STRATEGY 

To t e s t  t h e  improvement ob ta ined  from t h i s  new method 

of metering,  two sample peak four-hour pe r iods  of 1 9  days 

be fo re  t h e  change and 1 2  days a f t e r  i t s  i n i t i a t i o n  were 

s e l e c t e d  fax  s tudy.  The "before"  sample pe r iod  extended 

from October 2 t o  October 30,  1969. During t h i s  i n t e r v a l ,  

a l l  equipment opera ted  p roper ly ,  enabl ing  a c q u i s i t i o n  of 



complete freeway volume and occupancy d a t a  f o r  each peak 

pe r iod  minute,  a s  w e l l  a s  a  l i s t i n g  of  informat ion  s i g n  

s t a t e s .  The " a f t e r "  sample pe r iod  extended from October 31 

t o  November 31., 1 2  days.  A f t e r  t h i s  d a t e  t h e  Edsel  Ford 

d e t e c t o r  s t a t i o n  was moved and a  s e t  of dynamic r o u t i n g  

in fo rmat ion  s i g n s  became o p e r a t i o n a l  ( 2 8 ) .  

For each of t h e  31 days ,  t o t a l  freeway t r a v e l  and t o t a l  

freeway t r a v e l  t ime was c a l c u l a t e d  i n  a  way s i m i l a r  t o  t h e  

minute-by-minute methods used t o  determine meter ing  r a t e s  

(Appendix A)  . F i r s t ,  t h e  va lues  of t o t a l  t r a v e l ,  occupancy, 

and volume a v a i l a b l e  f o r  each minute over  t h e  four-hour peak 

pe r iod  f o r  each subsystem were t o t a l e d .  Then, o v e r a l l  

average speed was c a l c u l a t e d  f o r  each subsystem by o b t a i n i n g  

t h e  q u o t i e n t  of  t o t a l  volume and t o t a l  occupancy f o r  each 

s t a t i o n  and m u l t i p l y i n g  by a  known c o n s t a n t  (Table A-3). 

F i n a l l y ,  t h e  t o t a l  t r a v e l  t ime f o r  each subsystem, t h e  r a t i o  

of t o t a l  t r a v e l  t o  average speed,  was summed f o r  t h e  freeway 

s e c t i o n  extending from t h e  Edsel  Ford Freeway t o  Meyers Road. 

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 have been p l o t t e d  i n  

F igure  6 f o r  each of  t h e  31 days.  

S i x  days ,  t h r e e  "before"  and t h r e e  " a f t e r "  t h e  change, 

were e l i m i n a t e d  from f u r t h e r  a n a l y s i s  because it i s  e v i d e n t  

t h a t  t h e  va lues  of 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 do n o t  
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f i t  t h e  u s u a l  p a t t e r n s .  The l i k e l y  e x p l a n a t i o n s ,  h o l i d a y s  

o r  i nc l emen t  wea the r ,  a r e  a l so . shown i n  t h e  diagram. Although 

t h e  me te r ing  can  cope adequa te ly  w i t h  unusua l  s i t u a t i o n s  

caused  by weather  o r  changes i n  work p a t t e r n s ,  t h e s e  o c c a s i o n s  

a r e  n o t  s u f f i c i e n t l y  numerous t o  p e r m i t  a  r a t i o n a l  " b e f o r e "  

and " a f t e r "  comparison. 

The remain ing  I 6  " b e f o r e "  days  averaged 3 , 6 7 8  t o t a l  

v e h i c l e  t r a v e l  hours  and 1 3 9 , 2 0 0  t r a v e l  m i l e s  p e r  day. The 

n i n e  " a f t e r "  days averaged 138,600 t r a v e l  m i l e s  p e r  day ,  a  

s l i g h t  and i n s i g n i f i c a n t  change. The ave rage  t o t a l  v e h i c l e  

t r a v e l  hours  p e r  day i n c r e a s e d  t o  3 , 7 9 2 .  This  was a more 

s u b s t a n t i a l  change, b u t  t h e  d i f f e r e n c e  was n o t  s t a t i s t i c a l l y  

s i g n i f i c a n t .  R e f e r r i n g  t o  F i g u r e  6 ,  t h e r e  was a  d i s t i n c t  

tendency for " a f t e r "  days t o  have h i g h e r  t o t a l  v e h i c l e  t r a v e l  

hour s  t h a n  t h e  " b e f o r e "  days ,  b u t  i t  cou ld  n o t  be s t a t i s t i c a l l y  

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

f o r  a  c o n s i d e r a b l e  p o r t i o n  of t h e  peak p e r i o d  made i t  u n l i k e l y  

t o  change to t a l .  t r a v e l  o r  t o t a l  t r a v e l  t ime  t o  any g r e a t  

e x t e n t ,  

I t  i s  l i k e l y ,  however, t h a t  a  s a v i n g  i n  t r a v e l  time can  

b e  o b t a i n e d  a t  on-ramps where queues deve lop  as v e h i c l e s  

w a i t  to e n t e r  t h e  f reeway.  For t h e  same demand t o  u s e  each  

ramp, a  change i n  m e t e r i n g  methods might  r e s u l t  i n  a  lower  

ave rage  s e r v i c e  t ime  and,  t h e r e f o r e ,  i n  less dePBy f o r  t h o s e  



i n  t h e  queue. If  t h e  demand i s  d i f f e r e n t ,  however, a sinnple 

measurement of queuing d e l a y  w i l l  n o t  n e c e s s a r i l y  i n d i c a t e  

a r e d u c t i o n  i n  s e r v i c e  time, as t h e r e  could  be a  d e c r e a s e  

i n  t h e  a r r i v a l  r a t e .  

For t h e  s i x  upstream ramps inc luded  i n  t h e  comparison, 

t h e  average  e n t e r i n g  volumes "be fo re"  and " a f t e r "  t h e  modi- 

f i c a t i o n  i n  t h e  me te r ing  s t r a t e g y  a r e  g iven  i n  Table  1 f o r  

t h e  above sample days.  The "t" t e s t  was used t o  de te rmine  

wheth,er t h e  recorded  d i f f e r e n c e s  were s t a t i s t i c a l l y  s i g n i -  

f i c a n t .  

TABLE 1 

COMPARISON OF ENTRANCE RAMP VOLUMES 

1 ENTRANCE W I P  1 B:131E 1 A::l: 1 RESULT West Grand Boulevard Highly S i g n i f i c a n t  

Not S i g n i f i c a n t  

Highly S i g n i f i c a n t  

gh ly  S i g n i f i c a n t  

t S i g n i f i c a n t  

gh ly  S i g n i f i c a n t  



Although t h e  average  t o t a l  volumes changed l i t t l e  f o r  t h e  

"before"  and " a f t e r "  p e r i o d s ,  t h e r e  were s e v e r a l  s i g n i f i c a n t  

volume s h i f t s  among t h e  ramps. There was a  h igh ly  s i g n i f i -  

c a n t  i n c r e a s e  i n  usage of  t h e  West Grand Boulevard ramp. 

This  may be a  consequence of  t h e r e  being more a v a i l a b l e  

s t o r a g e  i n  t h a t  freeway subsystem a s  a r e s u l t  of t h e  f o u r t h  

freeway l ane .  The l a n e  i s  used p r i m a r i l y  by e n t e r i n g  and 

e x i t i n g  v e h i c l e s ,  The r e s u l t i n g  reduced ramp conges t ion  a t  

West Grand Boulevard may e x p l a i n  t h e  volume r e d u c t i o n s  a t  

t h e  downstream ramps. Fewer v e h i c l e s  would be  d i v e r t e d  

e i t h e r  by t h e  ramp informat ion  s i g n s  o r  d i r e c t  obse rva t ion  

of  t h e  reduced conges t ion  a t  West Grand Boulevard. The 

i n c r e a s e  a t  Linwood may be  due t o  more t r a f f i c  be ing  d i v e r t e d  

by t h e  ramp informat ion  s i g n s  should i t  be found t h a t  l e s s  

conges t ion  was p r e s e n t  t h e r e  a s  a  r e s u l t  of t h e  new s t r a t e g y .  

A ramp i s  def ined a s  congested i f  t h e  queue occupancy 

exceeds a  p r e s e t  c r i t i c a l  l e v e l .  The occupancy l e v e l s  a r e  

35% f o r  Davison and 20% f o r  t h e  o t h e r  f i v e  ramps ( 9 ) .  The 

computer r ecords  i n c l u d e  t h e  s t a t e  of t h e  ramp informat ion  

s i g n s  which i n d i c a t e  r e d  f o r  conges t ion  i f  t h e  c r i t i c a l  ramp 

occupancy i s  exceeded and green o the rwise  ( 2 8 ,  2 9 ) .  The 

e x t e n t  of  conges t ion  i s  t h e r e f o r e  i n d i c a t e d  by t h e  amount of 

t ime t h e  s i g n s  had r e d  d i s p l a y s  over  t h e  four-hour per iod .  

S ince  t h e  new method of meter ing  could w e l l  be more e f f e c t i v e  



d u r i n g  t h o s e  p a r t s  of t h e  peak p e r i o d  w i t h  l e a s t  demand, t h e  

f o u r  hours  have been d i v i d e d  i n t o  s i n g l e  hour p e r i o d s .  The 

t r a f f i c  demand i s  l e s s  d u r i n g  t h e  f i r s t  hour and o f t e n  l e s s  

d u r i n g  t h e  l a s t  hour .  Table  2 g i v e s  t h e  average  t ime o f  

conges t ion  ( r e d )  d u r i n g  each hour f o r  t h e  p e r i o d s  of  s tudy .  

A t  f o u r  o f  t h e  s i x  ramps, West Grand Boulevard,  Seward, 

Webb, and Linwood, t h e r e  was a  d e c r e a s e  i n  t h e  average  ramp 

conges t ion  p e r i o d ,  ave rag ing  1 0  minutes .  A t  t h e  Chicago 

and Davison ramps t h e r e  was an i n c r e a s e  ave rag ing  n i n e  

minutes .  I n  a d d i t i o n ,  two of  t h e  f o u r  ramps which e x p e r i -  

enced a  d e c r e a s e  i n  conges t ion  had an i n c r e a s e  i n  demand. 

I f  demand had remained c o n s t a n t ,  t h e  conges t ion  would have 

been even less. There was a s i g n i f i c a n t  d e c r e a s e  i n  df?mand 

a t  t h e  Webb ramp, b u t  t h i s  d e c r e a s e  was n o t  s o  l a r g e  as t h e  

i n c r e a s e s  a t  Linwood and West Grand Boulevard.  The g r e a t l y  

reduced conges t ion  a t  Linwood appears  t o  e x p l a i n  t h e  e v i d e n t  

i n c r e a s e  i n  v e h i c l e s  d i v e r t e d  there  ( s e e  Table  1).  

For bo th  t h e  "be fo re"  and " a f t e r "  days ,  t h e  average  

time ramps a r e  conges ted  i n c r e a s e d  f o r  a l l  ramps i n  both t h e  

second and t h i r d  hours  and dec reased  f o r  a l l  ramps i n  t h e  

f o u r t h  hour .  This  i n c r e a s e  was s i g n i f i c a n t  between t h e  f i r s t  

and second hours  f o r  a l l  t h e  ramps and o c c a s i o n a l l y  s i g n i -  

f i c a n t  f o r  o t h e r  p e r i o d s .  I t  was t h e r e f o r e  concluded t h a t  



TABLE 2 

RAMP CONGESTION 
(Minutes )  

t h e  g e n e r a l  p a t t e r n  o f  c o n g e s t i o n  was t h e  same i n  bo th  

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

through t h e  t h i r d  hour  o f  the peak p e r i o d  and s l a c k e n e d  

somewhat i n  t h e  f o u r t h  hour .  

F u r t h e r  i n s p e c t i o n  r e v e a l e d  d e f i n i t e  t r e n d s  t h a t  con- 

f i rmed  t h e  p r e d i c t i o n  t h a t  t h e  new m e t e r i n g  s t r a t e g y  would 

b e  more e f f e c t i v e  i n  t h e  e a r l i e r  hour s  o f  t h e  peak p e r i o d .  



I n  t h e  f i r s t  hour  of  t h e  peak p e r i o d  conges t ion  dec reased  

a t  f i v e  of  t h e  s i x  ramps. A t  West Grand Boulevard and 

Seward t h e  d e c r e a s e s  of  27  and 18 minutes  o f  conges t ion  

were s t a t i s t i c a l l y  s i g n i f i c a n t .  I n  t h e  second hour conges- 

t i o n  dec reased  a t  f o u r  of  t h e  ramps, and t h e  d e c r e a s e s  of 

28 and 24  minutes  were a g a i n  s i g n i f i c a n t  f o r  West Grand 

Boulevard and Seward. I n  t h e  t h i r d  hour  t h e  conges t ion  

changes were mixed and g e n e r a l l y  i n s i g n i f i c a n t ,  h u t  i n  t h e  

l a s t  hour  t h e r e  were conges t ion  i n c r e a s e s  i n  a l l  b u t  one o f  

t h e  ramps. Apparen t ly ,  t h e  e f f e c t  of t h e  new me te r ing  

s t r a t e g y  was t o  de l ay  t h e  o n s e t  of ramp conges t ion  i n  t h e  

e a r l i e r  hours  a t  t h e  expense of  a s lower  recovery  a t  t h e  end 

of t h e  peak p e r i o d .  This  t r e n d  was confirmed s t a t i s t i c a l l y  

by means of a s i g n  t e s t .  on t h e  "be fo re"  and " a f t e r "  changes.  

There was a l s o  a t r e n d  f o r  conges t ion  d e c r e a s e s  t o  o c c u r  a t  

t h e  upstream ramps e a r l i e r  i n  t h e  peak p e r i o d ,  and i n c r e a s e s  

t o  occu r  f a r t h e r  downstream and l a t e r  i n  t ime .  This  further 

evidence  of  conges t ion  d i v e r s i o n  was confirmed n e i t h e r  a t  

Davison, where conges t ion  i n c r e a s e d  each hour ,  nor  a t  Linwood, 

where i t  dec reased  every  hour .  

Cumulative f requency  d i s t r i b u t i o n s  were compiled f o r  

t h e  h o u r l y  minutes  o f  ramp conges t ion  f o r  each  " b e f o r e "  and 

" a f t e r "  hour  bo th  f o r  a r e p r e s e n t a t i v e  ramp, Seward, and 

a l l  of t h e  ramps ( F i g u r e  7 ) .  I n  bo th  c a s e s  t h e r e  were 

d i s t i n c t  i n c r e a s e s  i n  t h e  p r o p o r t i o n  of  uncongested ramp 
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c o n d i t i o n s ,  c e r t a i n l y  a  t a n g i b l e  b e n e f i t  f o r  t h e  freeway 

ramp u s e r .  I t  i s  concluded t h a t  t h e  new ramp m e t e r i n g  

s t r a t e g y  i s  of  g r e a t e s t  b e n e f i t  i n  t h e  e a r l y  hour s  of  t h e  

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

r e t a r d  t h e  o n s e t  of ramp c o n g e s t i o n  d u r i n g  t h e  peak p e r i o d  

s o  t h a t  o v e r a l l  a  s m a l l e r  p o r t i o n  o f  t h e  peak p e r i o d  e x h i b i t s  

ramp conges t ion .  

To de t e rmine  t h e  s a v i n g  .in t r a v e l  time, i t  was assumed 

t h a t  a "g reen"  s i g n  s t a t e  r e p r e s e n t s  a  queue o f  ze ro  l e n g t h  

w h i l e  a  " r ed"  s t a t e ,  c o n g e s t i o n ,  r e p r e s e n t s  a queue o f  

maximum l e n g t h  up t o  t h e  queue d e t e c t o r s .  The maximum 

queue l e n g t h s  (number of  v e h i c l e s )  were: 

West Grand Boulevard 30 

Seward 20 

Chicago 20  

Webb 20 

Davison 4 0 

Linwood 2  0 

The number of  v e h i c l e  hour s  of d e l a y  expe r i enced  i n  a  ramp 

queue i s  p r e s e n t e d  i n  Table  3 and was o b t a i n e d  by m u l t i p l y i n g  

t h e  ave rage  " r e d "  t i m e  p e r  hour  by f o u r  and then  m u l t i p l y i n g  

t h i s  p r o d u c t  by t h e  above queue l e n g t h s .  I n  t h e  " a f t e r "  

c a s e ,  a  c o r r e c t i o n  was made f o r  d i f f e r e n t  demand by assuming 



TABLE 3 

DELAY AT METERED RAMPS 
(Vehicle Hours) 

West Grand 

queue length t o  be proportional t o  demand. This was a 

conservative assumption as t h e  r a t e  of increase of queue 

length increases monotonically with increases i n  demand. For 

example, f o r  a s ingle  channel queue with random a r r i v a l s  a t  

r a t e  q and regular serv ice  a t  r a t e  Q,  the average number of 

vehicles i n  the queuing system i s  proportional t o  

Clearly as  q increases N increases a t  a f a s t e r  r a t e .  The 

"before" delay experienced i n  ramp queues was scaled f o r  

the same demand as f o r  the " a f t e r "  delay. 



A s  a  rough e s t i m a t e ,  t h e  new method of  ramp me te r ing  

saved  an  a d d i t i o n a l  30 v e h i c l e  hours  p e r  day o r  approximate ly  

7500 v e h i c l e  hours  p e r  y e a r .  I t  was n o t  f e a s i b l e  t o  o b t a i n  

a  c o s t / e f f e c t i v e n e s s  r a t i o  because  t h e r e  was v i r t u a l l y  no 

c o s t  i n  i n s t a l l i n g  and o p e r a t i n g  t h e  system. However, i n  

t h e  T T I  r e p o r t  ( 3 4 ) ,  t h e  t o t a l  annual  c o s t  o v e r  1 0  y e a r s  

was g i v e n  a s  $83,000. The e s t i m a t e d  e f f e c t i v e n e s s  was g iven  

a s  902 v e h i c l e  hour s  p e r  day o r  225,000 v e h i c l e  hour s  pe r  

year. This  l a s t  amount would be i n c r e a s e d  t o  233,000 

v e h i c l e  hour s  on t h e  b a s i s  of t h e  improved system. Thus, 

an  improved c o s t  o f  abou t  36C f o r  every  v e h i c l e  hour  saved 

was o b t a i n e d  a s  compared w i t h  37C found by TTI, 



MODIFICATIONS I N  BULK METERING STRATEGY 
AT DAVISON ENTRANCE RAMP 

There were two except ions  t o  t h e  s i n g l e  s e r v i c e  ramp 

meter ing  s t r a t e g y .  A t  two high flow ramps, West Grand 

Boulevard and Davison Freeway, a  "bulk s e r v i c e "  s t r a t e g y  

which allowed more than one v e h i c l e  t o  e n t e r  t h e  freeway 

a t  a t ime was used by T T I  ( 3 4 ) .  A t  both l o c a t i o n s ,  i t  

was h igh ly  undes i rab le  t h a t  lengthy queues develop because 

of l a c k  of adequate s t o r a g e  space.  A t  West Grand Boulevard 

t h e  ramp queues o c c a s i o n a l l y  extended t o  and through t h e  

i n t e r s e c t i o n  of t h e  Serv ice  Drive and West Grand Boulevard, 

thus  i n t e r f e r i n g  with a l l  movements i n  t h a t  i n t e r s e c t i o n .  

The problem a t  t h e  Davison Freeway in te rchange  was poten- 

t i a l l y  more severe ,  Davison i s  a  freeway and ramp queues 

could extend i n t o  t h e  Davison t r a v e l e d  l a n e s  and even block 

a nearby on-ramp. 

The bulk s e r v i c e  ramp meter ing  s t r a t e g y  developed by 

T T I  allowed a s  many a s  13 v e h i c l e s  t o  e n t e r  dur ing  each 

green phase, with a maximum of 2 5  v e h i c l e s  pe r  minute. A 

30 second meter ing  c y c l e  was used. A f t e r  an i n i t i a l  1 0  

seconds of green t ime,  t h e  s i g n a l  remained green u n t i l  1 3  

v e h i c l e s  had passed,  up t o  a  maximum of 25 seconds. The 

remaining p o r t i o n  of t h e  c y c l e ,  a t  l e a s t  f i v e  seconds,  was 



a l l o t t e d  t o  b r i e f  amber and r e d  s i g n a l  phases .  The r e l e a s e  

of a s t r e a m  of queued v e h i c l e s  d i d  n o t  n e c e s s a r i l y  impai r  

merging o p e r a t i o n s  s i n c e  bo th  e n t r a n c e  ramps l e d  i n t o  added 

freeway l a n e s  of more t h a n  0 . 5  miles i n  l e n g t h .  

D e s p i t e  t h e  u s e  of  t h i s  h igh  c a p a c i t y  me te r ing  s t r a t e g y ,  

ramp queue l e n g t h  was a problem a t  bo th  e n t r a n c e  ramps, A t  

West Grand Boulevard it was a n t i c i p a t e d  t h a t  t h e  expe r imen ta l  

ramp c o n d i t i o n  informat ion s i g n s  would a l l e v i a t e  t h e  problem 

by d i v e r t i n g  e x c e s s  ramp t r a f f i c  and no m o d i f i c a t i o n s  i n  

t h e  me te r ing  s t r a t e g y  were made pending t h e  r e s u l t s  of  

t h a t  exper iment  ( 2 9 ) .  

The s i t u a t i o n  a t  t h e  Davison i n t e r c h a n g e ,  however, was 

c r i t i c a l  a t  t h e  s t a r t  of t h e  U n i v e r s i t y  of Michigan r e s e a r c h  

program. Ramp queues were backing  up o n t o  t h e  Davison 

Freeway t o  c r e a t e  an  i n t o l e r a b l e  s i t u a t i o n  i n  terms of 

t r a f f i c  s a f e t y .  A s  a t  West Grand Boulevard,  it was a n t i -  

c i p a t e d  t h a t  t h e  l a t e r  i n s t a l l a t i o n  of a ramp c o n d i t i o n  

i n f o r m a t i o n  s i g n  and a v a r i a b l e  message s i g n  t o  d i v e r t  

t r a f f i c  away from t h e  Davison e n t r a n c e  ramp would be bene- 

f i c i a l  ( 2 8 ,  2 9 ) .  However, t h e s e  c r i t i c a l  o p e r a t i o n a l  problems 

n e c e s s i t a t e d  t h e  adop t ion  of  immediate m o d i f i c a t i o n s  i n  t h e  

m e t e r i n g  s t r a t e g y  t o  a l l ow t h e  d i s c h a r g e  o f  e x c e s s i v e l y  long  

ramp queues i r r e s p e c t i v e  o f  t h e  c o n d i t i o n s  on t h e  Lodge 

Freeway. 



The a l t e r n a t i v e  of c e s s a t i o n  of a l l  metering a t  t h e  

Davison in te rchange  dur ing  t h e  peak pe r iod  was n o t  accep tab le .  

This would have s e r i o u s l y  a f f e c t e d  t h e  r e s e a r c h  e f f o r t  t o  

opt imize  Lodge Freeway Cor r idor  opera t ions .  Therefore ,  a s  

a  f i r s t  modi f i ca t ion  of t h e  TTI  s t r a t e g y ,  i t  was decided t o  

cont inue  t h e  meter ing  b u t  d i scharge  v e h i c l e s  a t  t h e  maximum 

r a t e  when ramp conges t ion  became c r i t i c a l .  A l a t e r  modifi-  

c a t i o n  provided f o r  suspension of metering by d i s p l a y i n g  a 

c o n s t a n t  green i n d i c a t i o n  u n t i l  t h e  queue was d ischarged 

whenever t h e  ramp queue reached a p o i n t  near  t h e  end of t h e  

ramp. These s t r a t e g i e s  were used dur ing  t h e  pe r iod  of  peak 

t r a f f i c  flow. 

To e f f e c t  t h e s e  s t r a t e g y  changes, a s o n i c  s i d e f i r e  

d e t e c t o r  was i n s t a l l e d  approximately 300 f e e t  upstream of 

t h e  metering i n s t a l l a t i o n  and l inked  t o  t h e  c o n t r o l  c e n t e r  

by a l e a s e d  te lephone l i n e .  The d e t e c t o r  i s  shown i n  t h e  

upper r i g h t  co rne r  of t h e  lower p i c t u r e  i n  F igure  4 .  Queue 

l e n g t h  was determined i n d i r e c t l y  from t h i s  d e t e c t o r .  The 

d e t e c t o r  recorded t h e  occupancy o r  percentage  of t ime v e h i c l e s  

were pass ing  t h e  d e t e c t o r  on a one-minute b a s i s .  For 

example, a s  t h e  ramp queue neared t h e  d e t e c t o r  v e h i c l e s  had 

t o  slow down p a s t  t h e  d e t e c t o r  thus  caus ing a r ise i n  

occupancy. One hundred p e r c e n t  occupancy was recorded when 

a v e h i c l e  was s topped o p p o s i t e  t h e  d e t e c t o r  f o r  a f u l l  



minute .  The c r i t i c a l  occupancy v a l u e s  c i t e d  below were 

based  on o b s e r v a t i o n s  o f  occupancy behav io r  d u r i n g  ramp 

queues of v a r y i n g  l e n g t h s .  

The four-hour  p e r i o d  of  ramp me te r ing  was d i v i d e d  i n t o  

two segments ,  2:30 t o  4:00 p.m. and 4:00 t o  6:30 p.m., and 

d i f f e r e n t  s t r a t e c j i e s  were a p p l i e d  t o  each .  I n  t h e  e a r l i e r  

p e r i o d  when freeway o p e r a t i o n s  were n o t  l i k e l y  t o  have 

reached  a  conges ted  s t a t e ,  t h e  me te r ing  r a t e  was s e t  at. i t s  

maximum t o  r educe  t h e  p r o b a b i l i t y  of  an  e x c e s s i v e  ramp queue.  

I n  t h e  l a t e r  p e r i o d  when i t  was neces sa ry  t o  a t t e m p t  t o  

m a i n t a i n  lower me te r ing  r a t e s  t o  i n s u r e  s a t i s f a c t o r y  opera-  

t i o n s  on t h e  Lodge Freeway, c e r t a i n  m o d i f i c a t i o n s  i n  

s t r a t e g y  were imposed. I n  t h e  f i r s t  m o d i f i c a t i o n ,  normal 

m e t e r i n g  r a t e s  were ma in t a ined  u n t i l  t h e  queue occupancy 

reached  40%, a t  which p o i n t  t h e  r a t e  was se t  a t  maximum 

u n t i l  t h e  occupancy was reduced .  To r e i n f o r c e  t h e  s t r a t e g y ,  

a f t e r  t h e i r  i n s t a l l a t i o n  t h e  ramp i n f o r m a t i o r ~  s i g n s  i n d i -  

c a t e d  conges ted  ramp c o n d i t i o n s  when t h e  queue occupancy 

exceeded 30% i n  an a t t e m p t  t o  d i v e r t  f low t o  a l t e r n a t e  

r o u t e s .  The red d i s p l a y  was main ta ined  f o r  a t  l e a s t  two 

minutes  a s  long  as t h e  occupancy remained above 30%. 

Th i s  s t r a t e g y  was l a t e r  r e p l a c e d  w i t h  a  s t r a t e g y  

( m o d i f i c a t i o n  two) t h a t  p rovided  f o r  a  c o n s t a n t  g reen  ramp 

m e t e r i n g  d i s p l a y  as needed i n  o r d e r  t o  g u a r a n t e e  t h a t  



e x c e s s i v e  ramp queues would n o t  deve lop  d u r i n g  t h e  f i r s t  

p e r i o d  of  meter ing .  The c o n s t a n t  g reen  d i s p l a y  r e p l a c e d  

t h e  maximum m e t e r i n g  r a t e  whenever t h e  queue occupancy 

exceeded 4 0 % ,  During t h e  4:00 t o  6:30 p,m. p o r t i o n  o f  

t h e  peak p e r i o d ,  t h e  f o l l o w i n g  me te r ing  r a t e s  were a p p l i e d  

depending on t h e  occupancy: 

0 < 35%: Normal me te r ing  r a t e s  

35% - < 0 c 40%: Maximum mete r ing  r a t e s  

0 > 40% - Cons tan t  g reen  i n d i c a t i o n  

The ramp i n f o r m a t i o n  s i g n  was o p e r a t e d  i n  t h e  same manner 

a s  f o r  t h e  f i r s t  m o d i f i c a t i o n .  

S t u d i e s  of t r a f f i c  o p e r a t i o n s  a t  t h i s  i n t e r c h a n g e  a r e  

summarized i n  Tables  4 and 5 f o r  one day o f  o p e r a t i o n  w i t h  

maximum mete r ing  and two days  w i t h  suspended me te r ing .  For 

comparison purposes  r e s u l t s  f o r  an e a r l i e r  "be fo re"  day 

when t h e  TTI bu lk  me te r ing  s t r a t e g y  was used a r e  i nc luded .  

A s  would b e  expec ted ,  voPurnes a r e  c o n s i s t e n t l y  lower f o r  t h e  

e a r l i e r  p o r t i o n  of  t h e  peak p e r i o d ,  b u t  t h e  t o t a l s  v a r y  

from a lmos t  4000 v e h i c l e s  on May 23 t o  more t h a n  

3800 d u r i n g  J u l y  and less t h a n  3 2 0 0  i n  June .  I t  appea r s  

t h a t  t h e  June  20  volumes a r e  j u s t  abnormally  low, a s  t h e  

me te r ing  s t r a t e g y  i n  e f f e c t  t h a t  day would n o t  b e  expec ted  



TABLE 4 

TPAFFIC VOLUME AT DAVISON ENTRANCE RAMP 

Volume (Total Vehicles) 

TTI Bulk Metering 
S trategy 

(May 23, 1969) 

Modification One-Maximum Metering 
(June 20, 1969) 1164 

Modification Two-Suspend Metering 
(July 16 and 25, 1969) 1341** 

TA3L3 5 

RAMP METERING STRhTEGIES AT DAVISON ENTRANCC RAIIP 

 TI ~ u i k  Metering 
s t r a t e g y  

(Elay 23, 19691  

Queue Occupancy* 
(Pa rcen t )  

Modif icat ion One-Elaximum 
blctering (June 2 0 ,  1969) 2 7 . 4  3 4 . 1  

>:ad i f  i c a t l o n  Two-:laxlnum 
Metering ( J u l y  1 6  and 

2 5 ,  1969,) 2l .k** 2 8 . 2 * *  

Total 

3990  

3173 

3819** 

Ramp Metering Ramp Meter i  ng 
Control  S t a t e  Control S t a t e  
2:30--4:00 P!l 4:OO--6:30 TH 

Maximum Constant Normal Haxlmua Constant 
Metering Green Metering E!etering Green 

(Minutes) (Minutes) (Hinutesl (Mlnutesl (Nin,uterl 

*One minute avcraso dur lnq the  per iod 
**Avcr.?ge f o r  two days of ope ra t ron  



t o  a f f e c t  volume t o  t h i s  e x t e n t .  Despi te  handl ing  almost  

2 0 %  more v e h i c l e s  i n  t h e  four-hour pe r iod ,  t h e r e  was a  

d i s t i n c t  r e d u c t i o n  i n  average queue occupancy when modifi-  

c a t i o n  two was employed i n s t e a d  of  modi f i ca t ion  one. This 

was achieved by suspending t h e  ramp metering f o r  an average 

of only  38.5 minutes per  day. 

During t h e  2:30 t o  4 : O O  p.m. per iod ,  t h e r e  was l i t t l e  

d i f f e r e n c e  i n  t h e  o p e r a t i o n  of t h e  two modified c o n t r o l  

s t r a t e g i e s .  The c o n s t a n t  green s t a t e  was only  imposed an 

average of 4.5 minutes dur ing  t h i s  per iod  f o r  t h e  second 

c o n t r o l  modi f i ca t ion .  

During t h e  l a t t e r  pe r iod  from 4:00 t o  6 : 3 0  p.m., t h e  

advantage of t h e  c o n s t a n t  green s t a t e  became apparent .  The 

f i r s t  modi f i ca t ion  r e s u l t e d  i n  93  minutes of  normal metering 

and 57 minutes of maximum metering.  During t h e  pe r iod  of 

o p e r a t i o n  of t h e  second modi f i ca t ion ,  however, t h e  number of 

minutes of normal o p e r a t i o n  was inc reased  t o  105.5 minutes 

(104 and 107 minutes f o r  t h e  two days s t u d i e d )  . Thir ty-  

f o u r  minutes were devoted t o  c o n s t a n t  green,  t h e  c o n s t a n t  

green time being imposed f o r  an average d u r a t i o n  of  two minutes.  

Thus, t h e  use  of  t h e  c o n s t a n t  green t ime,  though u n d e s i r a b l e  

i n  terms of c o r r i d o r  o p e r a t i o n s ,  d i d  r e s u l t  i n  more metering 

time s p e n t  wi th  t h e  r a t e s  determined by cond i t ions  on t h e  

Lodge Freeway. 



The s t u d y  i n d i c a t e d  t h a t  t h e  u s e  o f  t h e  s t e a d y  g r e e n  

i n d i c a t i o n  a l lowed t h e  c o r r e c t i o n  o f  e x c e s s i v e  ramp con- 

g e s t i o n .  An e x c e s s i v e  queue cou ld  promptly  be d i s c h a r g e d  

s o  t h a t  normal m e t e r i n g  s t r a t e g y  could  a g a i n  be used.  

F u r t h e r  i n v e s t i g a t i o n  o f  t h e  Davison s i t u a t i o n  and t h e  

impac t  o f  t h e  v a r i a b l e  message s i g n  p l a c e d  t h e r e  i s  d e s c r i b e d  

i n  a n o t h e r  r e p o r t  ( 2 8 ) .  

3hVIdONMENTAL EFFECTS ON FREEWAY TRAFFIC OPERATIONS 

S i n c e  t h e  m e t e r i n g  r a t e  w i t h i n  each f reeway subsystem 

was based  on " a v a i l a b l e  c a p a c i t y , "  t h e  f i x e d  pre -de te rmined  

v a l u e  f o r  subsystem c a p a c i t y  was v i t a l  t o  e f f e c t i v e  o p e r a t i o n .  

Should t h i s  c a p a c i t y  v a l u e  n o t  Le r e p r e s e n t a t i v e  o f  a c t u a l  

freeway c o n d i t i o n s ,  t h e  me te r ing  program would b e  r e n d e r e d  

l e s s  e f f e c t . i v e  and t h e  s u r v e i l l a n c e  program i n  g e n e r a l  would 

n o t  have t h e  f l e x i b i l i t y  needed. t o  meet changed c o n d i t i o n s .  

Impai red  v i s i b i l i t y  because  of  p r e c i p i t a t i o n  and consequent  

s l i p p e r y  pavement c o n d i t i o n s  bo th  would be expec t ed  t o  have 

a n  e f f e c t  on v e h i c u l a r  headways and speeds  w i t h  r e s u l t a n t  

e f f e c t s  on c a p a c i t y .  

I n  a  p r e l i m i n a r y  s t u d y  o f  t h e s e  e f f e c t s  a t  f o u r  f reeway 

s e n s i n g  s t a t i o n s ,  two r e p r e s e n t a t i v e  days  of c l e a r ,  d r y  

c o n d i t i o n s  and two days  of w e t  pavement were s e l e c t e d .  One 

minute  a v e r a g e  flow c h a r a c t e r i s t i c s  as measured a t  t h e  



s e n s i n g  s t a t i o n s  f o r  f o u r  hours  were assumed t o  f o l l o w  a 

d e t e r m i n i s t i c  r e l a t i o n s h i p  s o  t h a t  such parameters  a s  

t h e o r e t i c a l  c a p a c i t y  and f r e e  speed could  be  d e r i v e d  from 

t h e  d a t a ,  These parameters  were then  compared t o  de termine  

i f  any s i g n i f i c a n t  d i f f e r e n c e s  could be a s c r i b e d  t o  t h e  

occurrence  of  r a i n f a l l ,  

~ h u s ,  2 4 0  one-minute volumes were p l o t t e d  a g a i n s t  

occupancy f o r  each of t h e  f o u r  days.  S ince  i t  h a s  been 

shown t h a t  occupancy i s  g e n e r a l l y  p r o p o r t i o n a l  t o  d e n s i t y ,  

a  change of s c a l e  i s  a l l  t h a t  i s  necessary  t o  c o n v e r t  t h i s  

p l o t  t o  one of  volume a g a i n s t  d e n s i t y  ( 9 ,  2 6 ) .  I n  o r d e r  t h a t  

t h e s e  r e s u l t s  could  be compared wi th  t h o s e  ob ta ined  by o t h e r s ,  

a  p a r a b o l i c  r e l a t i o n s h i p  between volume and occupancy based 

on t h e  G r e e n s h i e l d s t  r e l a t i o n s h i p  a s  shown below was f i t t e d  

t o  t h e  d a t a  (14). T'hhe d a t a  were a l s o  f i t t e d  t o  a  l o g a r i t h m i c  

f u n c t i o n  of  k .  

where uf i s  t h e  f r e e  speed (speed a t  zero  volume) 

k ,  i s  t h e  jam d e n s i t y  
3 

Then c a p a c i t y ,  qc, i n  t h i s  r e l a t i o n s h i p  i s  

- I u k .  q c - r  f j  



A l e a s t  squares  pa rabo la  was f i t t e d  t o  t h e  d a t a .  Capaci ty was 

taken a s  being equal  t o  t h e  maximum volume corresponding t o  

t h e  v e r t e x  of t h e  curve .  S ince  t o t a l  freeway demand was 

a t  times s u f f i c i e n t  t o  exceed c a p a c i t y ,  t h i s  method was 

s u i t a b l e .  

The f o u r  consecu t ive  freeway s e n s i n g  s i t e s  employed t o  

g a t h e r  t h e  volume and occupancy d a t a  a r e  des igna ted  Freeway 

S t a t i o n s  2 ,  3 ,  4 ,  and 5. S t a t i o n  2 (which i s  a t  Seward) 

has f o u r  northbound l a n e s  w h i l e  t h e  o t h e r  s t a t i o n s  ( a t  

Chicago, a t  C a l v e r t  between Chicago and Webb, and a t  Glendale 

( s e e  F igure  1) )  have t h r e e  northbound l a n e s .  There are  no 

unusual  geometr ic  d e s i g n  f e a t u r e s  over  t h i s  r each  of  freeway, 

a l though S t a t i o n  3 i s  l o c a t e d  midway through a r e v e r s e  curve.  

Table 6 l i s t s  t h e  f i t t e d  c a p a c i t y  v a l u e s  recorded f o r  

each of  t h e  s t a t i o n s  f o r  each of t h e  f o u r  days.  

TABLE 6 

FREEWAY STATION CAPACITY 
(Vehicles/Minute) 

OCT 8 

OCT 28 

DRY 

STATION NUMBER 
3 4 I 5 



I n  t h i s  l i m i t e d  s tudy of f o u r  days1 d a t a ,  it was n o t  

p o s s i b l e  t o  show any d i f f e r e n c e s  i n  t h e  r e l a t i o n s h i p  between 

volume and occupancy under d i f f e r i n g  weather cond i t ions .  I t  

was shown t h a t  t h e r e  was an incons i s t ency  among d a t a  f o r  t h e  

f o u r  s t a t i o n s  on any two days.  I t  i s  p o s s i b l e  t h a t  t h e  

i n c l u s i o n  of d a t a  from o t h e r  days,  t o g e t h e r  wi th  a  r e c a l i -  

b r a t i o n  of t h e  p r o p o r t i o n a l  c o n s t a n t s  between d e n s i t y  and 

occupancy, and even t h e  use of o t h e r  r e l a t i o n s h i p s  between 

volume and d e n s i t y  may show wet pavement t o  have an e f f e c t  

on freeway o p e r a t i o n s .  



CHAPTER FOUR 

RAMP METERING AND ACCIDENT EXPERIENCE 

Studies made i n  Chicago, Houston and Atlanta have 

shown a subs tant ia l  decrease i n  accident experience, pa r t i -  

cu lar ly  rear-end accident occurrence, following the 

i n s t a l l a t i o n  of ramp metering ( 1 7 ,  1 9 ,  30, 32) .  Total ramp, 

freeway and frontage road accidents were halved i n  Houston 

and rear-end ramp accidents cu t  9 0 %  i n  Atlanta. Hence, 

there  was reason t o  believe t h a t  the introduction of ramp 

metering i n  Detroit  would be ref lec ted  i n  a reduced accident 

r a t e  on the freeway. One possible outcome of control of 

freeway operations might be sa fe r  merging a t  entrance ramps 

s ince ramp metering would serve to  make more orderly the 

introduction of vehicles and to  reduce the r a t e  of inpu~t 

when freeway volumes were high. I t  was also necessary to  

invest igate  the potent ia l ly  adverse e f f e c t  on the accident 

r a t e  i n  terms of rear-end collisj.ons on the entrance ramps 

because of the presence of metering. I t  would also be of 

i n t e r e s t  t o  see i f  the accident response t o  metering would 

change with time as motorists became accustomed to  the 

d i f f e r e n t  mode of merging. The existence of a continuous 

ramp metering program on the John C. Lodge Freeway froin 

July 1967  through 1969  and l a t e r  made an accident analysis 

possible fo r  t h i s  six-mile sect ion of freeway. 



The f i r s t  s t u d i e s  of a c c i d e n t  exper ience  on t h e  Lodge 

Freeway were r e p o r t e d  by Crane>who s t u d i e d  a c c i d e n t s  on 

f o u r  ramps and t h e  nearby s e r v i c e  roads  i n  t h e  Lodge 

Freeway Cor r idor  ( 1 0 ) .  H i s  d a t a  show t h a t  whi le  a c c i d e n t  

frequency remained s t a b l e  dur ing  t h e  hours t h a t  t h e r e  was 

no ramp meter ing ,  fo l lowing  t h e  i n t r o d u c t i o n  of  metering 

t h e r e  was a l a r g e  i n c r e a s e  ( s i g n i f i c a n t  a t  t h e  5 p e r c e n t  

l e v e l )  i n  a c c i d e n t  occur rence  dur ing  ramp-metering hours 

a s  shown i n  t h e  f a l l o w i n g  t a b u l a t i o n :  

NUMBER OF ACCIDENTS 

6 Months 18  Months 

During 
~ e t e r i n ~  
Hours 

During 
Other 
Hours 

Before Metering A f t e r  Metering 

He observed t h a t  t h i s  i n c r e a s e  was l a r g e l y  due t o  t h e  e f f e c t  

of  t h e  bu lk - se rv ice  ramp meter ing  a t  t h e  West Grand Boulevard 

where 24  of t h e  38 a c c i d e n t s  o c c u r r i n g  dur ing  ramp meter ing  

happened. While t h i s  i n c r e a s e  was predominant,  t h e  i n c r e a s e  

on t h e  t h r e e  s i n g l e - s e r v i c e  ramps was a l s o  d i s a p p o i n t i n g  a s  

shown i n  t h e  fo l lowing  t a b u l a t i o n :  

During 
Metering 
Hours 

During 
Other  
Hours 

6 Months 
Before 

18 Months 
A£ t e r  



These r e s u l t s ,  whi le  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t ,  i n d i c l a t e  

a  nega t ive  e f f e c t  of  ramp meter ing  o f  t h e s e  l o c a t i o n s  t h a t  

dese rves  a d d i t i o n a l  s tudy.  

STUDY TECHNIQUE 

I n  o r d e r  t o  s tudy t h e s e  e f f e c t s ,  a  r e p r e s e n t a t i v e  

pe r iod  b e f o r e  t h e  i n t r o d u c t i o n  of ramp metering and computer 

s u r v e i l l a n c e  c o n t r o l  was compared wi th  t h e  same p a r t  of t h e  

yea r  f o r  t h e  two y e a r s  fo l lowing i n s t a l l a t i o n  of ramp meter- 

ing .  The l a s t  q u a r t e r  of t h e  y e a r  (October 1-December 31) 

was s e l e c t e d  because of d a t a  comparabi l i ty  problems. Data 

f o r  1966 provided a b a s i s  f o r  comparison wi th  a c c i d e n t  

exper ience  dur ing  1967 and 1968. The ramp metering was made 

o p e r a t i o n a l  i n  e a r l y  J u l y  1967. S ince  only  weekday freeway 

t r a f f i c  dur ing  t h e  peak pe r iod  of 2:30 p.m. t o  6:30 p.m. 

was a f f e c t e d  by t h e  ramp meter ing  o p e r a t i o n ,  only  a c c i d e n t s  

which happened i n  t h a t  t ime pe r iod  were cons idered  i n  t h e  

"be fo re"  and " a f t e r "  comparisons. 

These a c c i d e n t  d a t a ,  ob ta ined  through t h e  s u r v e i l l a n c e  

system on t h e  freeway and from t h e  Ci ty  of  D e t r o i t  on t h e  

e n t r a n c e  ramps, were ca tegor ized  by type  of c o l l i s i o n  ( r e a r -  

end, s ide-swipe,  o r  o t h e r ) ,  s e v e r i t y  (pe r sona l  i n j u r y  o r  

p roper ty  damage) and pavement c o n d i t i o n  (d ry ,  wet,  o r  s l i p p e r y )  . 



The Chi-square  tes t  was used t o  compare t h e  "be fo re"  w i t h  

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

f i v e  p e r c e n t  l e v e l  f a r  e r r o r s  of t h e  f i r s t  k i n d  was used 

t o  e s t a b l i s h  s t a t i s t i c a l  s i g n i f i c a n c e .  

P a P  ACCIDENTS 

Table  7 p r e s e n t s  a  summary of  a c c i d e n t  e x p e r i e n c e  

d u r i n g  t h e  t h r e e  s t u d y  p e r i o d s  f o r  bo th  t h e  peak p e r i o d  

and a l l  o t h e r  t imes  of day ( o f f - p e a k ) .  The t y p e  o f  a c c i -  

d e n t  i s  n o t  shown s i n c e  a l l  a c c i d e n t s  o c c u r r i n g  on t h e  

e n t r a n c e  ramps were o f  t h e  r ea r - end  t y p e .  There  were t h r e e  

peak p e r i o d  a c c i d e n t s  on t h e  e i g h t  ramps s t u d i e d  d u r i n g  

1966, n i n e  i n  1967, and t h r e e  i n  1 9 6 8 ,  a  t o t a l  o f  15. There 

was a  t o t a l  o f  23 a c c i d e n t s  d u r i n g  t h e  t h r e e  of f -peak  p e r i o d s .  

The d a t a  on a c c i d e n t  e x p e r i e n c e  on t h e  e n t r a n c e  ramps 

f o r  t h e  t h r e e  y e a r s  were ana lyzed  by u s e  o f  t h e  Chi-square  

t es t .  I t  i s  no ted  from Table  7 t h a t  t h e r e  were more a c c i d e n t s  

i n  each of t h e  two " a f t e r "  p e r i o d s  ( 1 9 6 7  and 1968)  t h a n  i n  

1966, a d i f f e r e n c e  a s  g r e a t  a s  6  a c c i d e n t s .  This  i n c r e a s e  

was r e c o r d e d  bo th  d u r i n g  t h e  p e r i o d  o f  ramp me te r ing  a s  

w e l l  a s  d u r i n g  t h e  o t h e r  hour s  o f  t h e  day. Even t h e s e  

d i f f e r e n c e s  could  e a s i l y  be  due t o  chance.  I t  i s  c l e a r  t h a t  

i n  c o n s i d e r i n g  t h e  ave rage  o f  t h e  two " a f t e r "  p e r i o d s ,  t h e r e  

i s  no r e a s o n  t o  b e l i e v e  t h a t  t h e  i n t r o d u c t i o n  of ramp 



TABLE 7 

ACCIDENT EXPERIENCE ON ENTRANCE RAMPS 

*Peak period from 2:30 P.M. t o  6:30 P.M. on Weekdays 

Data f o r  October, November, and Decerrber of Each Year 



mete r ing  e f f e c t e d  a  change i n  a c c i d e n t s  expe r i enced  on t h e  

e n t r a n c e  ramps. F u r t h e r  examina t ion  of t h e  d a t a  i n d i c a t e  

t h a t  t h e r e  was a s u b s t a n t i a l  d e c r e a s e  i n  a c c i d e n t s  d u r i n g  

t h e  peak p e r i o d  on t h e  ramp d u r i n g  t h e  second y e a r  of  

o p e r a t i o n ,  a  r e s u l t  c o n s i s t e n t  w i t h  t h e  h y p o t h e s i s  t h a t  

f a m i l i a r i t y  w i t h  ramp me te r ing  systems u l t i m a t e l y  r e s u l t s  

i n  reduced a c c i d e n t  e x p e r i e n c e .  I t  was n o t  p o s s i b l e  t o  

a c c e p t  t h i s  h y p o t h e s i s  w i t h  t h e  s i z e  o f  sample a v a i l a b l e  

and a c o n c l u s i o n  t h a t  t h e r e  i s  a  r e d u c t i o n  i n  a c c i d e n t s  i n  

t h e  second y e a r  a f t e r  m e t e r i n g  a s  c o n t r a s t e d  w i t h  t h e  e x p e r i -  

ence  d u r i n g  t h e  f i r s t  y e a r  must  a w a i t  f u r t h e r  s t u d i e s .  

Again,  t h e  sample i s  so s m a l l  t h a t  it i s  i m p o s s i b l e  t o  

make a s t r o n g  s t a t e m e n t  with r e g a r d  t o  t h e  r e l a t i v e  s e v e r i t y  

of  a c c i d e n t s  i n  r e sponse  to t h e  ramp me te r ing .  However, i t  

i s  noted  t h a t  t h e r e  i s  a  p o s s i b l e  t r e n d  f o r  t h e  s e v e r i t y  

o f  peak-per iod ramp a c c i d e n t s  t o  i n v o l v e  p e r s o n a l  i n j u r i e s  

more of t e n  t h a n  a c c i d e n t s  o c c u r r i n g  a t  o t h e r  times. 

An a n a l y s i s  of  t h e  e f f e c t s  of pavement c o n d i t i o n  

i n d i c a t e d  no i d e n t i f i a b l e  o r  s t a t i s t i c a l l y  s i g n i f i c a n t  

e f f e c t s  o f  ramp me te r ing .  



FREEWAY ACCIDENTS 

A s i m i l a r  a n a l y s i s  was made t o  de t e rmine  i f  t h e  ramp 

meter ing  system a f f e c t s  t h e  occu r rence  of on-freeway acc:i- 

d e n t s .  The p re sence  of ramp me te r ing  i n  1967 could  have 

had a b e n e f i c i a l  e f f e c t  on v e h i c l e  merging downstream o f  

ramps, t he reby  r educ ing  t h e  p o t e n t i a l  f o r  d i s t u r b a n c e s  i n  

t r a f f i c  o p e r a t i o n s  t h a t  could  g e n e r a t e  a c c i d e n t s .  I n  1968 

d i g i t a l  computer c o n t r o l  of  freeway o p e r a t i o n s  was i n t r o -  

duced t o  minimize t o t a l  t r a v e l  t imes  on t h e  freeway through 

ramp d i v e r s i o n  and r e d u c t i o n  of  conges t ion  on t h e  freeway. 

Smoother t r a f f i c  o p e r a t i o n s  might  be  r e f l e c t e d  i n  fewer on- 

f reeway a c c i d e n t s .  

The d a t a  f o r  on-freeway a c c i d e n t  expe r i ence  f o r  t h e  

1966, 1967, and 1968 q u a r t e r s  a r e  shown i n  Table  8. An, 

a n a l y s i s  of  t o t a l  a c c i d e n t  occu r rence  on t h e  freeway showed 

t h a t  t h e r e  was no s i g n i f i c a n t  change i n  t h e  t o t a l  a c c i d e n t  

e x p e r i e n c e  d u r i n g  t h e  t h r e e  y e a r s ,  While t h e  number o f  

a c c i d e n t s  d u r i n g  of f -peak  hours  v a r i e d  l i t t l e ,  28, 27, and 

29, t h e r e  were 2 1  peak-hour a c c i d e n t s  i n  1966, 1 4  i n  1967 

( a  3 3 . 3 %  r e d u c t i o n )  , and 18 i n  1968 ( a  r e d u c t i o n  of  1 4 , ,  3% 

from 1966) .  A Chi-square  t e s t  was made t o  de t e rmine  whether  

t h i s  a p p a r e n t  d e c r e a s e  i n  t h e  number o f  peak-hour a c c i d e n t s  

i n  1967 and 1968 fo l lowing  me te r ing  was s i g n i f i c a n t l y  lower 

when c o n s i d e r i n g  t h e  f a c t  t h a t  t h e  of f -peak  a c c i d e n t  



TABLE 8 

ON-FREEWAY ACCIDENT EXPERIENCE 

*Peak Period from 2 :30  P.N. t o  6 : 3 0  P.M. on Weekdays 

Cata f o r  October, November, and December of Each Year 



exper ience  remained e s s e n t i a l l y  s i m i l a r .  The 25% r e d u c t i o n  

i n  on-freeway a c c i d e n t  exper ience  i s  n o t  s t a t i s t i c a l l y  

s i g n i f i c a n t  and a  s u b s t a n t i a l l y  l a r g e r  sample would be  

necessa ry  t o  s u p p o r t  such a  c o n t e n t i o n .  P o s s i b l y  f u t u r e  

r e s u l t s  w i l l  become a v a i l a b l e  t h a t  can be  used t o  s u p p o r t  

such a  f i n d i n g .  

An a n a l y s i s  of t h e  s e v e r i t y  of freeway a c c i d e n t s  a s  

i n d i c a t e d  by t h e  f requency of  p e r s o n a l  i n j u r y  and p r o p e r t y  

damage a c c i d e n t s  i n d i c a t e d  t h a t  t h e r e  was n e i t h e r  a  s i g n i -  

f i c a n t  d i f f e r e n c e  between peak and off -peak s e v e r i t y ,  n,or a 

s i g n i f i c a n t  i n d i c a t i o n  of any d i f f e r e n c e  i n  s e v e r i t y  a s  a 

r e s u l t  of ramp meter ing .  

The m a j o r i t y  of  on-freeway a c c i d e n t s  a r e  of  t h e  r e a r -  

end t y p e ,  r e f l e c t i n g  t h e  g r e a t e r  o p p o r t u n i t y  f o r  t h e s e  

a c c i d e n t s  a s  a r e s u l t  of a c c e l e r a t i o n  and d e c e l e r a t i o n  waves 

i n  congested t r a f f i c .  There were fewer peak pe r iod  r e a r -  

end c o l l i s i o n s  a f t e r  implementat ion of ramp meter ing ,  b u t  

off-peak rear -end a c c i d e n t s  a l s o  dec reased .  

A s t a t i s t i c a l  a n a l y s i s  of t h e  type  of  c o l l i s i o n ,  r e a r -  

end o r  o t h e r  t y p e s ,  a g a i n  i n d i c a t e d  no s t a t i s t i c a l l y  s i g n i -  

f i c a n t  d i f f e r e n c e  between peak and off-peak p e r i o d s  o r  

between t h e  "be fo re"  ramp meter ing  and " a f t e r "  ramp meter ing  

p e r i o d s .  Also,  an a n a l y s i s  of pavement c o n d i t j o n s  f o r  peak 

and off-peak p e r i o d s  and f o r  "be fo re"  and " a f t e r "  me te r ing  

d i d  n o t  i n d i c a t e  any s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  

o r  any t r e n d  t h a t  would be  worth r e p o r t i n g .  



TOTAL ACCIDENTS 

T o t a l  f reeway a c c i d e n t  e x p e r i e n c e ,  i n c l u d i n g  ramp 

a c c i d e n t s ,  i s  p r e s e n t e d  i n  Tab le  9 .  There  was no s i g n i f i c a n t  

change i n  t h e  t o t a l  number o f  a c c i d e n t s  o c c u r r i n g  each y e a r .  

Examinat ion of t h e  t o t a l  number o f  f reeway a c c i d e n t s ,  

i n c l u d i n g  ramp a c c i d e n t s ,  Yevealed a  s l i g h t  d e c r e a s e  (10%)  

d u r i n g  t h e  peak p e r i o d  i n  1967 and 1968. A s  o f f -peak  

a c c i d e n t s  i n c r e a s e d  a l m o s t  2 0 %  t h e r e  i s  an i n d i c a t i o n  t h a t  

f reeway s u r v e i l l a n c e  h a s  been b e n e f i c i a l  i n  r e d u c i n g  a c c i d e n t s  

on t h e  f reeway and a f f e c t e d  metered ramps. However, a  

Chi-square  t e s t  showed t h a t  a  much l a r g e r  sample would b e  

n e c e s s a r y  t o  con f i rm  such a c o n c l u s i o n .  

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  pavement c o n d i t i o n s ,  

c o l l i s i o n  t y p e  o r  s e v e r i t y  a p p e a r s  t o  be  a s s o c i a t e d  w i t h  

t h e  i n t r o d u c t i o n  i n  ramp me te r ing .  



TABLE 9 

TOTAL FREEWAY'ACCLDENT EXPERIENCE 

*Peak Period from 2:30 P.M. t o  6:30 P.M. on  Weekdays 

Data f o r  October, November, and December o f  Each Year 





CHAPTER FIVE 

INTERPRETATION AND AFPRAlSALl OF FINDINGS 

DESIGN OF A COMPLETE P METERING INSTALLATION 

I t  i s  e v i d e n t  from t h e  r e d u c t i o n  i n  t h e  v i o l a t i o n  r a t e  

when exp lana to ry  dev ices  a r e  i n s t a l l e d  t h a t  t h e  d r i v e r ' s  

understanding of t h e  concept  and proper  o p e r a t i o n  of ramp 

meter ing  c a n n o t b e  taken f o r  g ran ted .  Dr ive r s  treat t h e  

i s o l a t e d  s i g n a l  head as t h e y  would any t r a f f i c  s i g n a l  and 

by running t h e  amber P i y h t  g e n e r a t e  v i o l a t i o n s .  S ince  some 

ramps on t h e  Lodge Freeway i n  D e t r o i t  a l low more than one 

v e h i c l e  t o  pass  through on t h e  green-amber phase,  i t  cannot  

be assumed t h a t  d r i v e r s  i n s t i n c t i v e l y  understand t h e  one- 

vehic le-a t -a- t ime meter ing  on the o t h e r  ramps, 

The i n s t a l l a t i o n  05 ramp meter ing  dev ices  on a  s i n g l e -  

s e r v i c e  ramp should t h e r e f o r e  i n c l u d e  an exp lana to ry  s i g n  

s i m i l a r  t o  t h e  "ON GREEN ONE CAR ONLY" employed i n  t h i s  

r e s e a r c h .  Such a  s i g n  f a c i - l i t a t e s  enforcement by i n s u r i n g  

t h a t  t h e  d r i v e r  knows what i s  expected.  The s i g n a l  head 

need n o t  c o n t a i n  an a h e r  s i g n a l  s i n c e  a l l  v e h i c l e s  must 

s t o p  a t  t h e  s i g n a l .  A s t o p  b a r  a d j a c e n t  t o  t h e  s i g n a l  i s  

d e s i r a b l e  t o  emphasize t h e  p rocess  and h e l p  p reven t  t h e  

p o s s i b i l i t y  of ~ r e h i e l e s  s topp ing  o u t s i d e  t h e  loop det.ecltor 

t h a t  a c t i v a t e s  t h e  s i g n a l .  Should the ramp be of s u f f i c i e n t  

width t o  a l low two v e h i c l e s  a b r e a s t ,  l o n g i t u d i n a l  pavement 



markings t h a t  d e l i n e a t e  a  s i n g l e  l a n e  have been shown t o  

b e  b e n e f i c i a l .  I t  may b e  d e s i r a b l e  t o  r e i - n f o r c e  t h e s e  

markings w i t h  r a i s e d  markers .  F i n a l l y ,  a  warning s i g n  a t  

t h e  head o f  t h e  ramp i n d i c a t i n g  t h e  p r e s e n c e  o f  ramp meter-  

i n g  i s  c o n s i d e r e d  good t r a f f i c  e n g i n e e r i n g  p r a c t i c e .  I t  

may p r e v e n t  r ea r - end  c o l J i s i o n s  w i t h  s topped  v e h i c l e s  on 

t h e  ramp by d r i v e r s  u n f a m i l i a r  w i t h  ramp me te r ing  o r  n o t  

f u l l y  a l e r t  t o  i t s  p r e s e n c e .  

The a c c i d e n t  a n a l y s e s  p r e s e n t e d  i n  t h i s  r e p o r t  demon- 

s t r a t e  t h a t  a c c i d e n t s  on e n t r a n c e  ramps d e s e r v e  s e r i o u s  

c o n s i d e r a t i o n .  Unl ike  t h e  e x p e r i e n c e  i n  o t h e r  c i t i e s  w i t h  

m e t e r i n g  i n s t a l l a t i o n s ,  t h e  number of  a c c i d e n t s  on t h e  

metered  Lodge ramps i n c r e a s e d  a l though  n o t  s i g n i f i c a n t l y .  

S t u d i e s  by Crane on t h e  Lodge Freeway confirmed t h e s e  r e s u l t s  

and i n d i c a t e d  s i g n i f i c a n t  i n c r e a s e s  i n  a c c i d e n t s  a t  one 

bulk-metered ramp, West Grand Boulevard ( 1 0 ) .  There  i s  a  

g r e a t e r  p o t e n t i a l  f o r  r ea r - end  a c c i d e n t s  h e r e  and a t  Davison 

s i n c e  t h e  ramp queues move f a r t h e r  and f a s t e r  d u r i n g  each 

s i g n a l  c y c l e  t h a n  a t  s i n g l e - s e r v i c e  ramps and a l l  v e h i c l e s  

a re  not expec ted  t o  s t o p .  S i n c e  i t  i s  assumed t h a t  t h e  v a s t  

m a j o r i t y  of  ramp u s e r s  a t  West Grand Boulevard a r e  aware 

of m e t e r i n g  o p e r a t i o n s  e i t h e r  th rough f r e q u e n t  u s e  o r  t h e  

p r e s e n c e  o f  a warning s i g n  and t h e  ramp i n f o r m a t i o n  s i g n ,  

it i s  poss ibPe  t h a t  improved d e s i g n s  a r e  a p p r o p r i a t e  f o r  

f u t u r e  me te r ing  i n s t a l l a t i o n s .  



Considering t h e  problems encountered w i t h  g e t t i n g  

d r i v e r s  t o  p u l l  c l o s e  enough t o  t h e  meter ing  i n s t a l l a t i o n  

t o  r e g i s t e r  wi th  t h e  presence  d e t e c t o r ,  it i s  noted t h a t  

Michigan r e g u l a t i o n s ,  and t h o s e  of many o t h e r  s t a t e s ,  r e q u i r e  

t r a f f i c  s i g n a l s  t o  be over  t h e  t r a v e l e d  s e c t i o n s  of t h e  

roadway. The ramp s i g n a l s  i n  t h i s  s tudy ,  of course ,  were 

a t  t h e  s i d e  of t h e  ramp. I t  i s  e v i d e n t  t h a t  overhead p lace-  

ment would compound t h e  d e t e c t i o n  problem s i n c e  t h e r e  i s  no 

n a t u r a l  s topp ing  p o i n t  f o r  a  ramp d r i v e r  a s  a t  an i n t e r -  

s e c t i o n .  The Lodge en t rance  ramps a r e  on downgrades, and 

overhead s i g n a l s  conceivably could induce some d r i v e r s  t o  

s t o p  a s  f a r  back a s  t h e  head of  t h e  ramp. Where r e g u l a t i o n s  

do e x i s t  on t h e  placement of t r a f f i c  s i g n a l s ,  it i s  a d v i s a b l e  

t h a t  except ions  be made f o r  ramp s i g n a l s  t o  a l low t h e  s o r t  

of i n s t a l l a t i o n  used i n  t h i s  r e s e a r c h .  

APPRAISAL OF RAMP METERING 
BASED ON FREEWAY STORAGE 

The method of ramp metering desc r ibed  i n  t h i s  r e p o r t  

i s  s t i l l  s u b j e c t  t o  improvement. The method r e l i e s  on t h e  

c a l c u l a t e d  s t o r a g e  which i s  based on t h e  c a l c u l a t e d  t o t a l  

t r a v e l  and t h e  average speed between d e t e c t o r  s t a t i o n s .  The 

t o t a l  t r a v e l  i s  probably q u i t e  a c c u r a t e  a s  i t s  va lue  depends 

only  on t h e  volumes a t  t h e  d e t e c t o r s  which a r e  known t o  be 

q u i t e  r e l i a b l e .  However, t h e  v a l u e  of  average speed i s  



l e s s  c e r t a i n .  The ave rage  speed a t  t h e  two e x t r e m i t i e s  o f  

a  freeway s e c t i o n  was used a s  an  e s t i m a t o r  of  t h e  speeds  o f  

a l l  v e h i c l e s  w i t h i n  t h e  s e c t i o n .  A b i a s  w i l l  be  i n t r o d u c e d  

i f  t h e r e  i s  any tendency f o r  v e h i c l e s  t o  s low down a s  t hey  

r e a c h  merging a r e a s .  

Another  procedure  which needs f u r t h e r  c o n s i d e r a t i o n  i s  

t h e  use  o f  t h e  s t o r a g e  v a l u e  d e r i v e d  i n  t h e  p rev ious  minute  

a s  t h e  c r i t e r i o n  o f  t h e  number of  v e h i c l e s  t o  be  metered i n  

t h e  n e x t  minute .  There canno t  be a n  i n s t a n t a n e o u s  r e sponse  

by t h e  metered v e h i c l e s .  I n  f a c t ,  t h e  l a s t  v e h i c l e  p e r  

minute  w i l l  e n t e r  j u s t  b e f o r e  t h e  end of t h e  minute  and by 

t h i s  t ime t h e  s i t u a t i o n  could  have changed. 

No c o n s i d e r a t i o n  i s  g i v e n  t o  t h e  number o f  v e h i c l e s  on 

t h e  s u r f a c e  s t r e e t s  o r  on t h e  ramps which i n t e n d  t o  e n t e r  

t h e  f reeway.  I f  t h e  s u r f a c e  s t r e e t  v e h i c l e s  a r e  de layed  i n  

ramp queues o r  d i v e r t e d  t o  downstream ramps v i a  s lower  s u r -  

f a c e  s t r e e t s ,  t h e i r  t r a v e l  time i n  t h e  c o r r i d o r  h a s  most 

p robably  n o t  been minimal .  Th i s  q u a n t i t y ,  however, may 

have been even g r e a t e r  had t h e  v e h i c l e s  d i r e c t l y  e n t e r e d  

t h e  freeway where a l l  o t h e r  v e h i c l e s  would have had t h e i r  

t r a v e l  t imes  i n c r e a s e d .  



Two studies  were performed t o  increase the f l e x i b i l i t y  

of the metering s t r a t eg ies .  A t  Davison, where the entrance 

ramp linked two freeways, ramp congestion was intolerable  

since there was insuff ic ient  storage available fo r  the ramp 

queue. The imposition of a temporary constant green indi-  

cation demonstrated tha t  such congestion could be handled 

and regular metering operations resumed fo r  the majority of 

the time during the peak period. 

I t  would also be desirable  to  take weather factors  in to  

considerat.ion i f  i t  could be found t h a t  they a f fec t  t r a f f i c  

operations on the freeway. However, the study contained i n  

t h i s  report  comparing rainy weather with c lear  conditions 

was inconclusive. No s igni f icant  changes i n  capacity or free 

speed on the freeway were detected. The r e s u l t  indicated 

the need fo r  a larger  sample s ize .  





CIEAPTER S I X  

CONCLUSIONS AND SUGGESTED RESEARCH 

Ramp meter ing  does n o t  encourage a  n a t u r a l  t r a f f i c  

maneuver i n  t h a t  it r e q u i r e s  v e h i c l e s  t o  s t o p  a long  t h e  

e n t r a n c e  a c c e l e r a t i o n  ramps t o  f reeways.  Also,  it cannot  

be  assumed t h a t  d r i v e r s  unders tand t h e  r a t i o n a l e  behind 

s i n g l e  v e h i c l e  meter ing  and t h u s  obey t h e  s i g n a l .  A rarnp 

meter ing  i n s t a l l a t i o n  i s  consequent ly  n o t  complete w i t h o u t  

bo th  a  warning s i g n  and an exp lana to ry  s i g n .  Very few 

d r i v e r s  i n t e n t i o n a l l y  i g n o r e  t h e  ramp s i g n a l ;  r a t h e r  v i o l a -  

t i o n s  a r e  t h e  r e s u l t  of a  second v e h i c l e  pas s ing  through on 

t h e  amber phase of  t h e  s i g n a l  c l o s e  behind t h e  f i r s t  v e h i c l e .  

Removal of  t h e  amber a s p e c t  and t h e  use  of an added d e t e c t o r  

immediately downstream of t h e  ramp s i g n a l  t o  t e r m i n a t e  t h e  

g reen  i n d i c a t i o n  upon passage  of t h e  f i r s t  v e h i c l e  decreased  

t h e  c o n t r i b u t i o n  of  t h e  t r a f f i c  c o n t r o l  system t o  v i o l a t i o n s .  

The above m o d i f i c a t i o n s  reduced t h e  f requency of  v i o l a t i o n  

from 4 0 %  t o  1 0 % .  While v i o l a t i o n s  a r e  never  d e s i r a b l e  i n  

terms of  d r i v e r  r e s p e c t  f o r  t h e  i n s t a l l a t i o n s  and t h e  need 

t o  r e s t r i c t  i n p u t s  t o  t h e  freeway when conges ted ,  t h i s  l e v e l  

of d i sobed ience  i s  low enough t o  r e n d e r  t h e  u s e  of ramp 

meter ing  e f f e c t i v e  f o r  c o n t r o l l i n g  freeway c o r r i d o r  o p e r a t i o n s .  



S e v e r a l  m o d i f i c a t i o n s  t o  t h e  ramp m e t e r i n g  c o n t r o l  

s t r a t e g y  deve loped  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  

were made i n  t h i s  s t u d y ,  The demand-capacity s t r a t e g y  was 

r e p l a c e d  by a  s t r a t e g y  based  on m a i n t a i n i n g  t h e  s t o r a g e  i n  

a  f reeway subsystem w i t h i n  a c c e p t a b l e  l i m i t s .  T h e o r e t i c a l l y ,  

t h e  new s t r a t e g y  p rov ided  t h e  c a p a b i l i t y  f o r  a more f l e x i b l e  

and p r e c i s e  r e s p o n s e  t o  a c c i d e n t s  and o t h e r  c a p a c i t y - r e d u c i n g  

i n c i d e n t s  o c c u r r i n g  w i t h i n  t h e  subsystem.  The new s t r a t e g y  

reduced  t r a v e l  time by 30 v e h i c l e  hour s  p e r  day compared t o  

t h e  p r e v i o u s  o p e r a t i o n  o f  t h e  m e t e r i n g  system,  Th i s  was 

accompl i shed  by t h e  r e d u c t i o n  o f  d e l a y  a t  t h e  e n t r a n c e  ramps. 

The new s t r a t e g y  r e s u l t e d  i n  ramp c o n g e s t i o n  f o r  a  s m a l l e r  

p r o p o r t i o n  of t h e  peak p e r i o d .  Freeway o p e r a t i o n s  i n  terms 

o f  t o t a l  t r a v e l  time were u n a f f e c t e d  by t h e  new s t r a t e g y .  

A s e v e r e  c o n g e s t i o n  problem was p r e s e n t  a t  t h e  Davison 

Expressway e n t r a n c e  ramp t o  t h e  northbound Lodge Freeway. 

S i n c e  ramp queues o c c a s i o n a l l y  ex tended  i n t o  t h e  t r a v e l e d  

way on Davison d e s p i t e  t h e  u s e  o f  a  h i g h  c a p a c i t y  m e t e r i n g  

s t r a t e g y ,  i t  was n e c e s s a r y  t o  suspend m e t e r i n g  o p e r a t i o n s  

a t  times i n  o r d e r  t o  d i s c h a r g e  t h e  queue.  Rather  t h a n  

t e r m i n a t e  m e t e r i n g ,  a  c o n s t a n t  g r e e n  i n d i c a t i o n  was used  

when c o n g e s t i o n  was c r i t i c a l .  Although u n d e s i r a b l e  from t h e  

p o i n t  of  view o f  o p t i m i z i n g  freeway o p e r a t i o n s ,  it was found 



t h a t  ramp conges t ion  could be  c l e a r e d  promptly wi th  t h e  

c o n s t a n t  green wi th  t h e  r e s u l t a t h a t  more of t h e  peak pe r iod  

was s p e n t  wi th  t h e  meter ing  s t r a t e g y  determined by freeway 

candi  t i o n s  . 
Since  t h e  f u n c t i o n  of  ramp metering i s  t o  improve 

freeway o p e r a t i o n s  by prevent ing  t h e  development of  conges t ion  

o r  coun te rac t ing  t h e  e f f e c t s  of conges t ion ,  it was reasonable  

t o  expect  t h a t  freeway a c c i d e n t s  would occur  l e s s  f r e q u e n t l y  

dur ing  ramp metering o p e r a t i o n s .  A dec rease  i n  freeway 

a c c i d e n t s ,  inc lud ing  en t rance  ramp a c c i d e n t s ,  of 1 0 %  was 

observed b u t  t h i s  was no t  s t a t i s t i c a l l y  s i g n i f i c a n t  beca~use 

of  t h e  smal l  sample s i z e .  However, t h e r e  was an  i n c r e a s e  

i n  a c c i d e n t s  on t h e  ramps which again  because of i n s u f f i c i e n t  

sample s i z e  could n o t  be s t a t i s t i c a l l y  confirmed. This  con- 

t r a d i c t s  t h e  a c c i d e n t  exper ience  i n  o t h e r  c i t i e s  wi th  ramp 

metering c o n t r o l .  

FUKTHER RESEARCH 

Longer term e v a l u a t i o n  of o p e r a t i o n a l  metered ramps i s  

d e s i r a b l e  t o  determine i f  f a m i l i a r i t y  wi th  t h e  concept or 

t h e  knowledge t h a t  t h e  meter ing  i s  enforced by t h e  p o l i c e  

has any f u r t h e r  e f f e c t  on reducing v i o l a t i o n s .  I n  t h i s  s e n s e ,  

it would be o f  i n t e r e s t  t o  p e r i o d i c a l l y  sample d r i v e r s '  

a t t i t u d e s  toward meter ing ,  p a r t i c u l a r l y  t o  measure t h e i r  

awareness of t h e  b e n e f i t s  t o  be de r ived  from metering i n  

terms of c o r r i d o r  o p e r a t i o n s .  



Another long term s tudy t h a t  should be conducted a t  

ramp metered i n s t a l l a t i o n s  is  a f u r t h e r  examination of t h e  

a c c i d e n t  experience.  The a c c i d e n t  s t u d i e s  inc luded i n  t h i s  

r e p o r t  were inconc lus ive  i n  d e t e c t i n g  changes i n  both 

en t rance  ramp and on freeway a c c i d e n t s ,  Should t h e r e  be a  

s i g n i f i c a n t  i n c r e a s e  i n  a c c i d e n t s  on ramps a f t e r  i n s t a l l a t i o n  

of metering d e s p i t e  t h e  presence  of a  warning s i g n ,  t h e  

D e t r o i t  i n s t a l l a t i o n  should be re-evaluated .  

More e x t e n s i v e  s t u d i e s  o f  t h e  impact of  computer 

s u r v e i l l a n c e  and c o n t r o l  of freeway o p e r a t i o n s  on a c c i d e n t  

r a t e s  a r e  i n  o r d e r .  Various c o n t r o l  measures were in t roduced 

a t  d i f f e r e n t  p o i n t s  i n  t ime,  making it d i f f i c u l t  t o  i s o l a t e  

i n d i v i d u a l  e f f e c t s  o r  provide  adequate accumulations of 

acc iden t  d a t a  f o r  s t a t i s t i c a l  a n a l y s i s .  One way of avoiding 

t h e  l a t t e r  problem would be t h e  a n a l y s i s  of  "acc iden t  hazard" 

a s  a f u n c t i o n  of t r a f f i c  tu rbu lence  ( a c c e l e r a t i o n  n o i s e )  

r e s u l t i n g  from congest ion.  S i g n i f i c a n t  improvements he re ,  a s  

measured from f i e l d  s t u d i e s ,  could l e a d  t o  t h e  g e n e r a l  con- 

c l u s i o n  t h a t  s u r v e i l l a n c e  o p e r a t i o n s  tend t o  reduce  t h e  

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

A s  i n d i c a t e d  i n  Chapter 5,  f u r t h e r  improvements i n  

t h e  ramp meter ing  c o n t r o l  s t r a t e g y  a r e  p o s s i b l e .  There a r e  

s e v e r a l  weaknesses i n  t h e  approach developed i n  t h i s  r e p o r t .  

The s t o r a g e  e s t i m a t e s  need t o  be v e r i f i e d  by independent  

and a c c u r a t e  methods such a s  a e r i a l  surveys .  The meter ing  



s t r a t e g y  remains o r i e n t e d  t o  c o n d i t i o n s  i n  s i n g l e  subs~ystems,  

a l t hough  same subsystem i n t e r a c t i o n  i s  p r e s e n t .  Nor do t h e  

me te r ing  r a t e  c a l c u l a t i o n s  t a k e  i n t o  account  s u r f a c e  s t r e e t  

t r a f f i c ,  F u r t h e r  r e s e a r c h  may demons t ra te  methods f o r  g r e a t e r  

i n t e g r a t i o n  of  ramp me te r ing  i n t o  freeway c o r r i d o r  o p e r a t i o n s  

c o n t r o l .  The expe r i ence  a t  t h e  Davison e n t r a n c e  ramp su,ggests  

t h e  q u e s t i o n  as t o  whether ramp queue l e n g t h  should  b e  

cons ide red  when c a l c u l a t i n g  meter ing  r a t e s .  

The me te r ing  r a t e  f o r  t h e  n e x t  minute  i s  based on t . r a f f i c  

c o n d i t i o n s  i n  t h e  p rev ious  minute .  Experience has  shown 

t h a t  t h i s  could  b e  improved. P o s s i b l y  t h e  p rev ious  d a t a  

on volume and speed could  be  averaged o v e r  a  l onge r  p e r i o d  

and could  t a k e  i n t o  account  ave rage  v a l u e s  f o r  a  p a r t i c u l a r  

t ime  on a  p a r t i c u l a r  day ,  

The envi ronmenta l  s t u d i e s  i nc luded  i n  t h i s  r e p o r t  

shou ld  be  cons idered  p r e l i m i n a r y  as t h e  problem o f  t h e  

p h y s i c a l  e f f e c t s  of adve r se  weather  is q u i t e  complex and 

r e q u i r e s  a d d i t i o n a l  i n v e s t i g a t i o n .  Freeway o p e r a t i o n s  a r e  

a f f e c t e d  when it  becomes neces sa ry  f o r  some d r i v e r s  t o  reduce  

speed and/or i n c r e a s e  headways i n  o r d e r  t o  m a i n t a i n  ve t i i cu l a r  

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

l e v e l  of  complexi ty .  The former i s  a f u n c t i o n  of t h e  condi- 

t i o n  of  t h e  pavement s u r f a c e ;  w h i l e  t h e  l a t t e r  i s  more complex, 

s i n c e  i t  i.s p r i m a r i l y  a  r e s u l t  of impai red  v i s i b i l i t y .  



A p rev ious  a n a l y s i s  o f  on-freeway a c c i d e n t s  by DeRose 

d i d  i n d i c a t e  t h a t  env i ronmenta l  c o n d i t i o n s  a r e  s i g n i f i c a n t  

i n  t h e  a c c i d e n t  r a t e L .  The wea ther  c o n d i t i o n s  need t o  be  

s t u d i e d  s o  t h a t  levels  of p r e c i p i t a t i o n  can b e  c o r r e l a t e d  

w i t h  t r a f f i c  o p e r a t i o n s .  

Y 

' ~ e ~ o s e ,  Frank,  Jr . , "Analys i s  o f  Random Freeway T r a f f i c  
Acc iden t s  and Veh ic l e  ~ i s a b i l i t i e s , "  Highway Research 
Record No. 59,  1964, pp. 53-65. 
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APPENDIX A 

RAMP METERING STRATEGY 

The ramp meter ing  s t r a t e g y  developed by The Univers i ty  

of Michigan i n  1969 i n c o r p o r a t e s  a  c o n s t r a i n i n g  parameter 

n o t  previous ly  employed; subsystem leng th .  The b a s i c  

c o n t r o l  premise i s  t h a t  i n  a  given subsystem t h e r e  e x i s t s  

a  maximum a v a i l a b l e  s t o r a g e ,  Sm , s u b j e c t  t o  upstream 

c o n s t r a i n t s .  I f  t h e  a c t u a l  s t o r a g e  were known f o r  a g iven 

minute,  then  t h e  a l lowable  i n p u t  t o  t h e  subsystem ( t h e  

metering r a t e )  would be t h e  d i f f e r e n c e  between t h e s e  two 

va lues .  S ta rage  i s  de f ined  a s  t h e  number of v e h i c l e s  con- 

t a i n e d  w i t h i n  t h e  subsystem. S ince  s t o r a g e  cannot  d i r e c t l y  

be measured, a l t e r n a t i v e  methods were developed f o r  e s t i -  

mating it wi th  t h e  a v a i l a b l e  d e t e c t o r  i n p u t s  of volume and 

occupancy. 

The t o t a l  t r a v e l  t ime over  any time pe r iod  i s  t h e  

i n t e g r a l  of t h e  number of v e h i c l e s  s t o r e d  over  t h a t  per iod .  

Expressing t o t a l  t r a v e l  t ime i n  u n i t s  of vehic le-minutes ,  

then  t h e  s t o r a g e  f o r  a  one-minute pe r iod  i s  determined 

from t h e  d e r i v a t i v e  of t h e  t o t a l  t r a v e l  t i m e ,  o r  t o t a l  

t r a v e l  d iv ided  by t h e  average speed f o r  t h e  subsystem. The 

d e r i v a t i o n  of formulas t o  e s t i m a t e  t o t a l  t r a v e l  and speed 



a r e  p resen ted  below. The fo l lowing s t andard  n o t a t i o n s  

apply throughout .  

S = s t o r a g e ,  t h e  number of v e h i c l e s  conta ined 

w i t h i n  t h e  subsystem 

TT = t o t a l  t r a v e l  i n  t h e  subsystem (veh ic le -  

m i l e s  p e r  minute)  

- 
u = space  average  speed i n  t h e  subsystem (miles 

pe r  minute)  

The fo l lowing  n o t a t i o n s  a r e  i l l u s t r a t e d  i n  F igure  A-1. 

Subsystem flow i n p u t s  a r e  g iven a p o s i t i v e  s i g n ,  and out -  

p u t s  a  n e g a t i v e  s i g n .  

= on-freeway i n p u t  volume ( v e h i c l e s  pe r  

minute)  t o  t h e  subsystem 

q2 - -  qn = on-ramp and off-ramp volumes 

9 n + l  
= o u t p u t  volume from t h e  subsystem 

E = n e t  subsystem volume o r  s t o r a g e  change 

( v e h i c l e s  pe r  minu te ) :  



FREEWAY INPUT 

OFF-RAMP VOLUMES 

ON-RAMP VOLUMES 

FREEWAY OUTPUT 

DISTANCE FROM INPUT OF: OUTPUT 
TO NEXT INPUT OR OUTPIIT 

FIGURE A - 1  

ON-RAMP AND OFF-RAMP LOCATION 
FOR TYPICAL FREEWAY SUBSYSTEM 



'1' ' n t l  = p e r c e n t  occupancy (average  p e r  one- 

minute i n t e r v a l )  a t  s t a t i o n s  1 and 

n+ l  of  t h e  subsystem 

= t o t a l  l e n g t h  o f  subsystem ( f e e t )  

= d i s t a n c e  from p o i n t  i t o  p o i n t  it1 

i n  t h e  subsystem ( f e e t )  

The l e n g t h s  of t h e  subsystems i n  t h i s  s tudy  a r e  p re sen ted  

i n  Table A-1.  Data on t h e  d i s t a n c e s  between e x i t  and 

e n t r a n c e  ramps a long  t h e  freeway a r e  p re sen ted  i n  Table  A-2. 

Der iva t ion  of  T o t a l  Trave l  (TT)  : 

T o t a l  t r a v e l  d u r i n g  t h e  one minute of o b s e r v a t i o n  i s  

d e f i n e d  a s  t h e  average t r a v e l  computed from both  ends of  

t h e  subsystem by t h e  fo l lowing  equa t ion :  

This  equa t ion  can a l s o  be  expressed  a s  fo l lows  and then  

conver ted  i n t o  a computa t iona l ly  s i m p l e r  equa t ion :  



TABLE A-1 

LENGTHS OF SUBSYSTEMS FOR RAMP METERING STRATEGY 

E d s e l  Ford  t o  Seward 

Seward t o  Chicago 

Chicago t o  C a l v e r t  

C a l v e r t  t o  Glenda le  

Glenda le  t o  Oakman 

Oakman t o  Muir land 

Muir land t o  T u l l e r  

T u l l e r  t o  Mayers 

T o t a l  Length 

4,440 F e e t  

4,815 F e e t  

1 ,460 F e e t  

4,335 F e e t  

3,440 F e e t  

5,110 F e e t  

3 ,750  F e e t  

7,470 F e e t  

34,820 Feet 

E d s e l  Ford t o  West Grand Boulevard On-Ramp 3,500 F e e t  



TABLE A-2 

NORTHBOUND LODGE FREEWAY ON-RAMP TO OFF-RFMP LENGTHS 
(HUNDREDS OF FEET) 

ON-RAMP 



and 
n i 

TT = I: li L q j  - EL - 
i = 3  j = l  2 

Der iva t ion  of Average Speed: -- 
The e s t i m a t e d  average  speed i n  t h e  subsystem i s  t aken  

a s  t h e  a r i t h m e t i c  average  of t h e  mean speeds a t  each enti 

of t h e  subsystem, S ince  occupancy has been found t o  be 

approximately l i n e a r l y  r e l a t e d  t o  d e n s i t y ,  t h e  speed a t  a 

de tec to r  s t a t i o n  i s  p r o p o r t i o n a l  t o  t h e  flow p a s t  the  

s t a t i o n  d i v i d e d  by t h e  occupancy f o r  t h e  one-minute i n t e r v a l  

of o b s e r v a t i o n  ( 9 ) .  Thus, t h e  mean speed a t  t h e  upstream 

and downstream s t a t i o n s  of the subsystem i s  determined from 

t h e  f o l l o w i n g  e q u a t i o n s :  



The p r o p o r t i o n a l i t y  c o n s t a n t s ,  pi , a r e  d i f f e r e n t  f o r  each  

s t a t i o n  owing t o  d i f f e r i n g  d e t e c t o r  and f low c h a r a c t e r i s t i c s .  

The e m p i r i c a l l y  d e r i v e d  c o n s t a n t s  a r e  l i s t e d  i n  Table  A-3.  

The ave rage  speed o v e r  t h e  subsystem i s  t h e n  e s t i m a t e d  

from t h e  f o l l o w i n g  e q u a t i o n :  

Ramp Meter ing S t r a t e g y :  -- 

The e s t i m a t e d  s t o r a g e  f o r  a  g i v e n  minute  i s  found by 

d i v i d i n g  t h e  t o t a l  t r a v e l  i n  t h e  subsystem i n  t h a t  minute  

by t h e  ave rage  subsystem speed by means of t h e  e q u a t i o n s  

developed above,  I n  succeed ing  minu te s ,  s t o r a g e  can  be  

found e i t h e r  by u s i n g  t h e  above procedure  f o r  recomputing 

t h e  s t o r a g e  o r  by upda t ing  t h e  i n i t i a l  s t o r a g e  v a l u e  a s  

v e h i c l e s  e n t e r  and Leave t h e  subsystem.  The change i n  

s t o r a g e  f o r  t h e  i t h  minute .  Ei , i s  t h e  sum of  t h e  v e h i c l e  

i n p u t s  t o  and o u t p u t s  from t h e  subsystem.  The s t o r a g e  a t  

t h e  end o f  t h e  kth minute  i s  found from t h e  f o l l o w i n g  

r e c u r s i v e  r e l a t i o n :  



TABLE A-3 

PROPORTIONALITY CONSTANTS, P I  FOR RELATING 
FLOW AND OCCUPANCY TO MEAN SPEED 

AT EACH DETECTOR STATION 

Seward 

Chicago 

Ca lve r  t 

G l e n d a l e  

Oakman 

Muir l a n d  

Tuller 

Meyers 



I t  was found t h a t  t h e  updated s t o r a g e  based on i n p u t s  

and ou tpu t s  tended t o  accumulate e r r o r s  from t h e  d e t e c t o r s .  

The i n i t i a l  s t o r a g e  e s t i m a t e  i s  a l s o  assumed t o  be  somewhat 

i n  e r r o r .  Thus, n e i t h e r  method f o r  determining t h e  s t o r a g e  

i n  a given minute can be cons idered  exac t .  Consequently, 

a t  t h e  end of each minute s t o r a g e  was es t ima ted  both from 

es t imated  t o t a l  t r a v e l  and speed i n  t h a t  minute and by up- 

d a t i n g  t h e  s t o r a g e  e s t i m a t e  from t h e  previous  minute based 

on i n p u t s  and ou tpu t s .  The g r e a t e r  of t h e  two s t o r a g e  

e s t i m a t e s  was used a s  t h e  s t o r a g e  va lue  f o r  t h a t  minute,  

r e s u l t i n g  i n  more s t r i n g e n t  ramp metering than was perhaps 

necessary.  This  s t o r a g e  va lue  was a l s o  used f o r  updat ing 

t o  t h e  nex t  minute t o  r e p e a t  t h e  process .  

The a l lowable  i n p u t  o r  metering r a t e  t o  t h e  subsystem 

i s :  

I = Sm - S* where S* = t h e  c u r r e n t  s t o r a g e  

e s t i m a t e  a s  developed above 

The a l lowable  i n p u t  i s  cons t ra ined  by t h e  maximum and minimum 

meter ing  r a t e s  a t  t h e  ramp. When t h e  a l lowable  i n p u t  i s  l e s s  

than  t h e  minimum r a t e ,  t h e  d i f f e r e n c e  o r  d e f i c i e n c y  i s  imposed 

on t h e  a d j a c e n t  upstream subsystem. Flow c h a r t s  d e t a i l i n g  

t h e  ramp meter ing  s t r a t e g y  a r e  inc luded i n  a complete computer 

o p e r a t i o n s  appendix i n  another  p r o j e c t  r e p o r t  ( 2 8 ) .  
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APPENDIX B 

COMPUTER OPERATING PROCEDURES 

This  appendix d e a l s  w i t h  common o p e r a t i n g  f u n c t i o n s  

concerned w i t h  t h e  system computer ( IBM 1800) u t i l i z e d  on 

t h e  Lodge Freeway Con t ro l  p r o j e c t .  The appendix d e a l s  i n  

t u r n  w i t h  f o u r  s e p a r a t e  t o p i c s :  ( I )  Procedure  f o r  r e c o r d i n g  

t y p e w r i t e r  l o g  i n fo rma t ion ;  ( 2 )  Computer ma l func t ion  check 

l i s t ;  ( 3 )  Computer s t a r t u p  and c o l d s t a r t ;  and ( 4 )  Computer 

shutdown. Each of t h e s e  f o u r  s e c t i o n s  d e s c r i b e  i n  d e t a i l  

s t e p s  t o  be t aken  f o r  each  t a s k ' s  p rope r  accomplishment. 

The i n s t r u c t i o n s  w i l l  b e  f a m i l i a r  t o  t h o s e  acqua in t ed  w i t h  

an IBM 1 8 0 0  system. 



I. Procedure f o r  Recording Typewri te r  Log Informat ion  

A ,  On t h e  q u a r t e r  hour i n fo rma t ion  p e r t a i n i n g  t o  

t h e  c o n d i t i o n  of  t h e  equipment and t h e  c u r r e n t  

s t a t e  of t h e  me te r ing  system i s  typed on t h e  

1816 t y p e w r i t e r ,  

R. Malfunct ion messages a r e  typed a t  v a r i o u s  times 

when t h e r e  i s  an unusual  occu r rence  i n  t h e  cou r se  

o f  t h e  meter ing  p roces s .  

C.  A l l  i n fo rma t ion  i s  t o  be w r i t t e n  down, acco rd ing  

t o  t h e  codes g iven  i n  Table  B-1,  on a  l ogg ing  form 

(F igu re  B-1)  i n  t h e  fo l lowing  manner. 

1. Record every  typed message on t h e  l o g  s h e e t .  

2 .  Record any a c t i o n  t aken  i n  response  t o  t h e  

typed message, 

3. I n i t i a l  every  message recorded  on t h e  log  

s h e e t ,  

4 .  Record t h e  t ime  i f  it i s  n o t  typed i n  t h e  

message o r  i f  it i s  d i f f e r e n t  from t h e  typed 

t ime,  

D. A l l  e r r o r  messages a r e  t o  be handled a s  d e s c r i b e d  

i n  I1 of t h i s  o u t l i n e .  



TABLE B - l  

COMPUTER LOG MESSAGE CODE 

Messages 

D e t e c t o r s  Down 

D e t e c t o r s  Up 

Northend Meter ing  Turned On 

Data t o  Disk Suspended 

Data t o  Disk R e s t a r t e d  

Overlap Begun 

Number Incremented 

E r r o r  

Rotary  Swi tch  Change 

High Min Rates 

Low Min Rates  

Code - 
DD ( D e t e c t o r  nurttbers) 

DU ( D e t e c t o r  numbers) 

NEMON ( ~ i m e )  

DS ( T i m e )  

DR ( T i m e )  

OB ( T i m e )  

DAY TO 

ER 

RSC 

H M I N  

LMIN 



COPTPUP1i:ll LOG 

FIGURE B - 1  

COMPUTER LOG SHEET 



11. Computer Mal func t ion  Check L i s t  

A ,  To check f o r  ma l func t ions  of t h e  ramp meter ing  

system,  t h e  fo l lowing  procedures  a r e  t o  be  fol lowed.  

1. Check f i f t e e n - m i n u t e  p r i n t o u t  f o r  p rope r  messages 

a.s fo l lows  

a .  DETECTORS DOWN a t  XXXX which i d e n t i f i e s  

t h e  t ime when t h e  d e t e c t o r  s topped  

count ing  v e h i c l e s  

1) OUT ( x X )  which shows which d e t e c t o r  

i s  down 

2 )  XXXX MINUTES which s t a t e s  how long  

t h e  d e t e c t o r  has  been down 

b,  DETECTORS UP a t  XXXX i d e n t i f i e s  t h e  t ime 

when t h e  d e t e c t o r s  resumed coun t ing  v e h i c l e s  

1) OUT (XX) s t a t e s  which d e t e c t o r  has  

resumed p rope r  o p e r a t i o n .  I f  t h i s  "up" 

message does  n o t  appear ,  fo l low S t e p  I 

under I1 B l ,  

2.  Check ramps p e r i o d i c a l l y  f o r  prolonged s toppages  

because of a c o n s t a n t  r e d  c o n d i t i o n .  

a ,  Pan camera a t  t h e  a f f e c t e d  ramp t o  s e e  i f  a 

c a r  i s  p r e s e n t .  

b .  Check t y p e w r i t e r  p r i n t o u t  t o  see i f  t h e  

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

1) I f  d e t e c t o r  i s  ma l func t ion ing ,  go t o  

STEP I (above) . 



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

b u t  a  e a r  i s  s topped  t o o  f a r  back f o r  

i t s  p re sence  t o  b e  no ted  by t h e  

d e t e c t o r ,  push t h e  b lack  b u t t o n  on t h e  

d i s p l a y  pane l  f o r  t h e  a p p r o p r i a t e  

d e t e c t o r ,  Th i s  changes t h e  s i g n a l  t o  

g reen  w i t h o u t  r e c o r d i n g  t h e  c a r  i n  t h e  

computer coun t  an a d d i t i o n a l  t ime.  

3. I f  h igh -p i t ched  w a i l  o f  a l a rm s i r e n  i n  Disp lay  

Pane l  sounds,  push down OP MON s w i t c h  and 

f o l l o w  Skep I g iven  under  I1 B I .  

4 .  L i s t e n  f o r  and immediately  check any t y p i n g  on 

1816 t y p e w r i t e r  

a .  I f  t h e  message MULT EAC a p p e a r s ,  f o l l o w  

S t e p  11 

B. Procedures  t o  follow i f  ma l func t ions  o c c u r .  

1. S t e p L .  -- 
a .  P u t  s e n s e  s w i t c h e s  6 and 7 down ( o f f )  and 

push t h e  Console  Ln te rup t  b u t t o n  on t h e  

Computer Console ,  

b. A message g i v i n g  t h e  time (TIME=XXXX) shou ld  

appear  on t h e  1816 t y p e w r i t e r .  

1) I f  message appea r s ,  f u n c t i o n i n g  shou ld  

be normal ,  



2) I f  message does  n o t  appea r ,  fo l low 

S t e p  I1 g iven  under 11 R 2. 

3 )  Check r e d  and g reen  d i s p l a y  l i g h t s  on 

Disp lay  Pane l  t o  s e e  i f  meter ing  i s  

c y c l i n g ,  I f  i t  i s  n o t ,  f o l l o w  Step I1 

g iven  under 11 B 2 .  

2 .  S t e p  11. 

a .  Push OP MON swi tch  down ( o f f )  . 
b, Turn me te r ing  mode swi t ches  t o  OFF. 

c. Press "STOP" on t h e  Computer Console.  

d. P r e s s  "IMMEDIATE STOP" on t h e  Computer 

and then  p r e s s  "START" on t h e  Console.  

e ,  The message RELOAD should  appear .  

1) I f  this message appea r s ,  fo l low S tep  I 

above (I1 B 1). 

2 )  I f  t h i s  message does  n o t  appea r ,  go t o  

S t e p  7 i n  t h e  Computer S t a r t u p  s e c t i o n  

which fo l lows .  

3 )  I f  t h e  above s teps f a i l  and t h e  mar- 

f u n c t i o n  c o n t i n u e s ,  go t o  S t e p  7 i n  

t h e  Computer S t a r t u p  s e c t i o n s .  



111. Computer S t a r t u p  and C o l d s t a r t  

A. To be done be fo re  1 4 0 0 ,  i . e , ,  2 :00  p.m. o r  j u s t  

p r i o r  t o  i n i t i a t i o n  of ramp metering.  

B. If system i s  a l ready  on, go t o  111 E.  

C.  P r e s s  t h e  "POTliRR ON" b u t t o n  on t h e  Computer Console. 

D.  P r e s s  and hold f a r  approximately two seconds t h e  

"NPRO19button on t h e  1 4 4 2  Card Reader. 

E. If t h e  1443 P r i n t e r  i s  ready (white  l i g h t  l i t ) ,  

go t o  1x1 F. 

1. Press  t h e  "START" bu t ton  on t h e  1 4 4 3  P r i n t e r .  

F. Check 1810 Disk d r i v e s  for Middle d r i v e  (PROCESS 

PACK # 0 4 6 5 0 )  and Bottom d r i v e  (LET/FLET # 0 4 6 4 9 ) .  

1. If packs a r e  on t h e  machine, go t o  111 G .  

2 .  I f  packs a r e  n o t  on t h e  machine, i n s t a l l  

them i n  t h e  1 8 1 0 .  

a .  Check i f  t h e  "CARTRIDGE UNLOCK" l i g h t s  a r e  

lit. 

1) I f  n o t ,  press "STOP" and w a i t  for t h i s  

i n d i c a t i o n ,  (Note: i f  both d r i v e s  a r e  

being changed, p r e s s  both "STOP" bu t tons  

and w a i t  f o r  both c a r t r i d g e s  t o  unlock.)  

b e  P u l l  down t h e  b l u e  handle and remove t h e  

pack c u r r e n t l y  on t h e  d r i v e .  



c. Put  t h e  c o r r e c t  pack on to  t h e  d r i v e  and 

l i f t  up t h e  b l u e  handle.  

d. P ress  both "START" b u t t o n s ,  

e .  Wait f o r  t h e  "READY" l i g h t s  t o  appear ,  

(Approximately 9 0  seconds) 

G. When both "READY" l i g h t s  on t h e  Disk a r e  lit, go t o  

I11 H. 

1. I f  l i g h t s  do no t  appear ,  r e p e a t  111 F 2 .  d. 

above. 

H, Clear  t h e  core  a t  t h e  Computer Console. 

1. P r e s s  "STOP" 

2. P r e s s  "IMMEDIATE STOP" 

3 .  P u t  mode s e l e c t o r  switch i n  "RUN" 

4 .  Pu t  a l l  swi tches  ( d a t a ,  sense ,  e t c . )  down 

except  "WRITE STOR PROT BITS" swi tch  which 

should be  up ( y e s )  . 
5. P ress  and hold "CLEAR STOR" bu t ton  f i r s t  and 

simultaneously p r e s s  "START" bu t ton .  

a .  Release both  bu t tons .  

6 .  P ress  "IMMEDIATE STOP" bu t ton ,  

I .  P lace  ca rds  i n  t h e  1 4 4 2  Reader i n  t h e  o r d e r  given,,  

1. COLDSTART 1 / 4  

2 .  COLDSTART 2/4  

3 .  *CLDST RSTAR 1 01 3/4 



4 .  A b l ank  c a r d  

5 .  The c a r d  we igh t  

J. P r e s s  "START" on t h e  1442, 

1. I f  "READY" l i g h t  a p p e a r s ,  proceed t o  I11 K. 

I f  t h e  'I READY " l i g h t  does  n o t  appea r  

a .  L i f t  a l l  c a r d s  o u t  o f  t h e  r e a d e r .  

b.  P r e s s  and ho ld  f o r  approximate ly  two 

seconds t h e  "NPRO" b u t t o n .  

1) I f  any c a r d s  a r e  s t a c k e d ,  remove t h e s e  

r e t u r n  t o  I11 I above. 

K .  P r e s s  "PROGRAM LOAD" on t h e  Computer Console.  

1. The message TURN OFF WRITE STORAGE PROTECT 

SWITCH w i l l  be  p r i n t e d  on t h e  1816 t y p e w r i t e r .  

L. Turn t h e  "WRITE STOR PROT BITS" swi t ch  t o  o f f  

1. P r e s s  "START" on t h e  Computer Console.  

M. The messages SSO OFF TO ZERO DATA FILE, ON TO SAVE 

DATA FILE ENTER DAY NUMBER -- FORMAT (14)  a r e  

p r i n t e d  on t h e  1816 t y p e w r i t e r .  

N.  The p o s i t i o n  of s e n s e  swi t ch  z e r o  (SSO) a t  t h i s  

p o i n t  i s  impor t an t .  

1. If t h i s  i s  an i n i t i a l  s t a r t u p  s e t  s e n s e  s w i t c h  

ze ro  OFF. 

a .  Th i s  w i l l  z e r o  t h e  d a t a  f i l e .  



2 .  I f  t h i s  i s  a  r e s t a r t  d u r i n g  meter ing  se t  

s e n s e  swi t ch  ze ro  ON. 

a .  This  w i l l  r e t a i n  d a t a  a l r e a d y  c o l l e c t e d .  

0. Type i n  a f o u r  d i g i t  number r e p r e s e n t i n g  t h e  d a t e ,  

i . e . ,  February 15 ,  1969 becomes 0215 

1. Depress t h e  EOF key. 

P.  I f  SSO was o f f  a t  t h i s  p o i n t ,  a two-minute d e l a y  

f o l l o w s  and t h e  message "DATA FILE HAS BEEN ZEROED" 

appears  

1. I f  SSQ was on t h e  message ENTER TIME OF DAY 

appea r s .  

a. Type i n  a  f o u r - d i g i t  number r e p r e s e n t i n g  

t h e  m i l i t a r y  time of  tlne n e x t  even minute, ,  

b.  Wait f o r  t h e  even minute  t o  occur  and t h e n  

p r e s s  t h e  EOF key. 

1) The messages ROTARY SWITCH CHANGE 55555555 

TIME = XXXX HIGH M I N  RATES w i l l  be  

p r i n t e d  . 
Q. I f  t h e  message DATA TO DISK RESTARTED....does n o t  - 

appea r ,  t u r n  o f f  s e n s e  swi t ch  0 and w a i t  f o r  t h e  

message (approximate ly  one  minute)  . 
1. I f  t h e  t i m e  i s  a f t e r  1301 se t  s e n s e  swi t ch  zero 

t o  ON and go t o  111 R. 

2.  I f  t h e  t i m e  i s  b e f o r e  1301, s e t  SSO t o  OFF. 



a .  A t  1381 t h e  message DATA TO DISK OVERLAP 

B E G I N  SENSE SWITCH ZERO ON TO PREVENT NEXT 

OVERLAP w i l l  appea r .  

1) S e t  SSO t o  ON. 

R .  S e t  t h e  "OPERATIONS MONITOR" s w i t c h e s  on t h e  Computer 

Console  and  isp play P a n e l  t o  ON. 

S. S e t  t h e  m e t e r i n g  s w i t c h  and back up c o n t r o l  s w i t c h  

on t h e  Di sp l ay  P a n e l  t o  "OPERATE." 

T.  R o t a t e  t h e  mode s e l e c t i o n s  s w i t c h e s  on t h e  Di sp l ay  

P a n e l  t o  t h e  d e s i r e d  s e t t i n g s .  

1. Switch t h e  I n f o r m a t i o n  S igns  t o  "OPERATE" 

2 .  Depress  t h e  "STATUS TMNSFER" s w i t c h .  

a ,  I f  t h i s  i s  a  r e s t a r t  d u r i n g  m e t e r i n g ,  

a l l ow s i g n a l s  t o  remain g reen  f o r  app rox i -  

mate ly  f i f t e e n  seconds  b e f o r e  p r e s s i n g  

"STATUS TRANSFER. " 

3 .  The message ROTARY SWITCH CHANGE....TIME = XXXX 

i s  p r i n t e d  on t h e  1816 t y p e w r i t e r .  

I V .  Computer Shut-Down 

A. Turn a l l  r o t a r y  s w i t c h e s  on t h e  Disp lay  P a n e l  

c o n t r o l l i n g  ramp m e t e r i n g  modes t o  t h e  "OFF" 

p o s i t i o n .  

1. P r e s s  "STATUS TRANSFER" 



B. On t h e  Computer Console (1801) ,  push, -- i n  o r d e r ,  

"STOP" and "IMMEDIATE STOP" 

1. Damage may r e s u l t  t o  t h e  Disks i f  "IMMEDIATE 

STOP" i s  pushed f i r s t .  

C. Push both "STOP" bu t tons  on DISK u n i t  (1810).  -- 
D. Push "NPRO" on t h e  Card Reader ( 1 4 4 2 )  t o  make s u r e  

t h e r e  a r e  no ca rds  i n  t h e  reader .  

1. I f  ca rds  a r e  i n  r e a d e r ,  they w i l l  be damaged 

upon powering down. 

E.  Push t h e  "STOPn bu t ton  on t h e  P r i n t e r  (1443).  

F. Wait f o r  t h e  "CARTRIDGE UNLOCKED" l i g h t s  f o r  both 

d r i v e s  t o  appear  on Disk Drive Uni t  (1810).  

1. When BOTH l i g h t s  a r e  on, push "POWER OFF" on 

t h e  Computer Console. 

G. Turn o f f  "OPERATIONS MONITOR" c o n t r o l  swi tch  on 

Display Panel .  

H. Turn t h e  Information Sign Switch on t h e  Display 

Panel  t o  OFF. 

I .  Turn t h e  back-up system switch t o  OFF (Middle 

p o s i t i o n ) .  
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P r o j e c t  Statement  

Research P r o j e c t  T i t l e :  

Optimizing Freeway Corr idor  Operat ions Through T r a f f i c  

S u r v e i l l a n c e ,  Communication, and Contro l  

General Problem Area: 

S p e c i a l  P r o j e c t s  

Research Problem Statement:  

To meet p r e s e n t  and f u t u r e  t r a f f i c  demands, t h e  coml~ined 

freeway and s u r f a c e  s t r e e t  system must o p e r a t e  more e f f i -  

c i e n t l y .  Freeways through heav i ly  developed a r e a s  have 

l i m i t e d  right-of-way which p reven t s ,  on an  economic b a s i s ,  

t h e i r  r e c o n s t r u c t i o n  f o r  inc reased  c a p a c i t y .  P r a c t i c a l  

measures f o r  i n c r e a s i n g  o p e r a t i o n a l  e f f i c i e n c y  of t h e s e  f a c i l i -  

t i e s  through h e a v i l y  t r a v e l e d  c o r r i d o r s  should be developed 

by jud ic ious  a p p l i c a t i o n  of t r a f f i c  s u r v e i l l a n c e ,  communication, 

and c o n t r o l .  

Urban freeways comprise a  major p o r t i o n  of t h e  t r a f f i c -  

c a r r y i n g  c a p a c i t y  of t h e  t o t a l  v e h i c u l a r  r o u t e  system i n ,  

American c i t i e s .  I t  i s  be l i eved  t h a t  s u r v e i l l a n c e ,  comiunica t ion ,  



and c o n t r o l  of t r a f f i c  on freeways a s  w e l l  a s  on t h e  supple-  

mental s t reet  systems can be improved, r e s u l t i n g  i n  b e t t e r  

s e r v i c e  t o  t h e  motoring p u b l i c  a s  a  whole. 

I t  i s  d e s i r e d  t o  apply t h e  b e s t  t r a f f i c  s u r v e i l l a n c e ,  

communication, and c o n t r o l  techniques  i n  a  t y p i c a l  urban 

freeway c o r r i d o r  and t o  s tudy  t h e  r e s u l t s .  Innovat ions  t h a t  

may be expected t o  enhance t h e  o p e r a t i o n a l  e f f i c i e n c y  should 

be explored .  

The Nat ional  Proving Ground f o r  Freeway S u r v e i l l a n c e  

Contro l  and E l e c t r o n i c  T r a f f i c  Aids l o c a t e d  on t h e  John C. 

Lodge Freeway i n  D e t r o i t  has  been e x t e n s i v e l y  equipped f o r  

freeway s u r v e i l l a n c e ,  and t h i s  freeway and t h e  a d j a c e n t  

c o r r i d o r  i s  des igna ted  a s  t h e  s tudy  s i t e  t o  develop and 

e v a l u a t e  improved s u r v e i l l a n c e ,  communication, and c o n t r o l  

techniques .  

Objec t ives  : 

1. Determine method(s)  f o r  i n c r e a s i n g  t h e  e f f e c t i v e -  

ness  of  t h e  system which invo lves  t h e  freeway and t h e  

a d j a c e n t  s u r f a c e  s t r e e t  network w i t h i n  t h e  c o r r i d o r .  Evaluate  

t h e  methods on t h e  s tudy  s i t e  wi th  o r  wi thou t  t h e  use  of 

a d d i t i o n a l  hardware. 

2 .  Recommend equipment c o n f i g u r a t i o n s  ( t h a t  i s ,  type  

and l o c a t i o n )  f o r  t h e  improved system which w i l l  r e p r e s e n t  

t h e  optimum ba lance  i n  c o s t - e f f e c t i v e n e s s .  






