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SIDRA-2 DOES IT I.ANE BY IANE

R. AKCELIK, Ph.D., M.l.E.Aust., M.l.T.E., Principal Research Scientist, Australian Road Research Board.

ABSTRACT

SIDRA-2 has beea deoeloped as a computer progrom to aid traffic etgineers tnd researchers in tlu ilesign and
analysis of sigaalisen inbrsections. SIDRA-2 implements the techniques desqibed in tlu ARRB Resarch Report
ARR No. 723 (Traffic Signals: Capacity arul Timing Analysis). Although tlu funilanmtal pinciples and methoils
are the *mc, there arc somc impofiant differences between ARR No. 723 and SIDRA-2. The most irryofiant k tlu
Iane-by-lane calculation ot' capacitbs and operating characteristics such as delay, number of stops aad queue
Iength. This paper outlines tlu nain features of SIDRA-2 and discus*s oaious aspects ol thc ncw metlpil of lane-
by-lane calculations. The 'lane interaction' and 'opposed turn' moilels are ilescribeil briefly. Lane-by-lanc
calculations allow for the use of different lost times, luncc differcnt effectioe green anil rciI tines, for differnt
lanes, which improoe tlu results for operatiag cluractaistics. This also imytoes tlc capacity ycdictions. Tlu us
of the 'oppo*il turn equioalents' (eo) anil otlur mooement sturation flow adjustments, e.g. for lane uniler
utili*tion, are no longer flecessary. The pper ilisansss a yoblat in tlu theory of signal ilesign which is relateil
to thc rpVlication of the formulae t'or ilelays, etc. on a lanc4y-lane agaiast mooement-by-mooement basis. A full
intersection example is gioen to illustratc the use of SIDRA-2.

INTRODUCTION ( P e t e r s o n ,  H a n s s o n  a n d  B a n g  1 9 7 8 ) ,
A u s t r a l i a n  ( A k c e l i k  l 9 8 L )  a n d  f i v e
U .S .  me thods ,  and  found  tha t  t he
Aus t ra l i an  and  a  new U .S .  me thod  ( JHK
and  Assoc .  1982  )  we re  t he  mos t
cos t -e f f ec t i ve  me thods .  ARR No .  123
has  been  re -p r i n ted  tw i ce  s i nce  i t s
f i r s t  p u b l i c a t i o n  i n  1 9 8 1 .  T h e  l a t e s t
re -p r  i n t  i nco rpo ra tes  seve ra l  m ino r
c h a n g e s ,  b u t  i t  i s  b a s i c a l l y  t h e  s a m e
a s  t h e  o r i g i n a l  p u b l i c a t i o n .

I . ARRB Resea  r ch Repor t

s i g n a l i s e d

A R R  N o .  L 2 3  ( A k c e l i k  l 9 8 L )  i n t r o d u c e d
v a r i o u s  i m p r o v e m e n t s  t o  t r a d i t i o n a l
t echn iques  o f  capac i t y  and  t im ing
c a l c u l a t  i  o n s f o r
i n t e r s e c t i o n s .  T h e  r e s p o n s e  t o  t h e
p u b l i . c . a t i o n  h a s  b e e n  s a t i s f a c t o r y  a n d
i t  i s  u n d e r s t o o d  t h a t  t h e  r e p o r t  i s
b e i n g  w i d e l y  u s e d  i n  b o t h  p r a c t i c e  a n d
t e a c h i n g .  i n  A u s t r a l i a  a n d  N e w  Z e a l a n d .
T h e r e  h a s  b e e n  i n t e r e s t  f r o m  m a n y
o t h e r  c o u n t r i e s  s u c h  a s  U . K . ,  P o l a n d ,
C h i n a ,  a n d  C a n a d a .  S o m e  a s p e c t s  o f
A R R  N o .  L 2 3  h a v e  b e e n  a d a p t e d  i n t o  t h e
r e v i s e d  U . S .  H i g h w a y  C a p a c i t y  M a n u a l
w h i c h  i s  u n d e r  d e v e l o p m e n t  ( J H K  a n d
A s s o c .  1 9 8 2 ) .  I t  h a s  r e c e i v e d
f a v o u r a b l e  c o m m e n t s  i n  a  r e c e n t  O E C D
R o a d  R e s e a r c h  R e p o r t  ( O E C D  1 9 8 3  )  .
A n o t h e r  r e c e n t  s t u d y  c o n d u c t e d  i n  t h e
U . S . A .  c o m p a r e d  e i g h t  m e t h o d s  o f
s i g n a l  i s e d  i n t e r s e c t i o n  c a p a c i t y
a n a l y s i s  i n c l u d i n g  t h e  B r i t i s h
( W e b s t e r  a n d  C o b b e  f 9 5 6 ) ,  S w e d i s h

2 . I t  h a d  b e e n  r e c o g n i s e d  b e f o r e
t h e  f i r s t  p u b l i c a t i o n  o f  A R R  N o .  I 2 3
that  there was a need for  a computer
program to implement  the techniques
g i ven  i n  t he  repo r t  f o r  t he  reasons  o f
improved  compu t i ng  e f f i c i ency  and
accu racy ,  I t  was  dec ided  to  use  the
e x i s t i n g  S I D R A  p r o g r a m  ( A k c e l i k  I 9 7 9 )
as  a  bas i  s  f o r  deve lop i  ng  a  new
prog ran  wh ich  i nco rpo ra tes  t he  new
t e c h n i q u e s  o f  A R R  N o .  1 2 3 .  T h e
o r i g i n a l  v e r s i o n  o f  S I D R A  h a d  n o t  b e e n
re leased  fo rma l l y ,  bu t  some  use  o f  t he
p rog ram had  been  made  i n  des ign  and
teach ing .  A l t hough  the  new p rog ram i s
c a l l e d  S I D R A  v e r s i o n  2 .  i t  i s
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s u b s t a n t i a l l y  d i f f e r e n t  f r o m  t h e
o r i g i n a l  S I D R A .  F u r t h e r m o r e '  S I D R A - 2
h a s  s o m e  a d v a n c e d  f e a t u r e s  n o t
i . n c l u d e d  i n  A R R  N o .  1 2 3 .  A n  i m p o r t a n t
f e a t u r e  i s  t h e  a d o p t i o n  o f  a
l a n e - b y - l a n e  m e t h o d  f o r  c a p a c i t y  a n d
p e r f o r m a n c e  c a l c u l a t i o n s .  T h e  m a i n
f e a t u r e s  o f  S I D R A - 2  a r e  s u m m a r i s e d  i n
t h e  f o l l o w i n g  s e c t i o n  f o l l o w e d  b y  a
d e t a  i  l e d  d e s c r  i P t  i  o n  o f  t h e
l a n e - b y -  I a n e  c o m p u t a t i o n  m e t h o d .

S I  DRA-2

S I D R A - 2  u s e s  t h e  a n a l v t i c a l
m o d e l s  o f  A R R  N o .  I 2 3  r a t h e r  t h a n  a
s i m u l a t i o n  m o d e I .  T h i s  y i e l d s  h i g h
e f f i c i e n c y  i n  c o m p u t i n g  t i m e  u s a g e  a n d
g i v e s  a  u n i q u e  s e t  o f  r e s u l t s  t o  t h e
t r a f f i c  e n g i n e e r .  S I D R A - 2  a l l o w s  f o r
t h e  e f f e c t s  o f  r a n d o m n e s s  a n d
o v e r s a t u r a t i o n  t h r o u g h  t h e  u s e  o f  t h e
o v e r f l o w  q u e u e  c o n c e p t  d e s c r i b e d  i n
A R R  N o .  L 2 3 .  T h u s ,  t h e  c a p a c i t y
e f f e c t s  a r e  a l  l o w e d  f o r  i n  a
s u f f i c i e n t l y  a c c u r a t e  a n d  e f f i c i e n t
w a y  w i  t h o u t  n e e d  f o r  d e t a  i  I e d
s i r n u l a t i o n .  T h i s  b a s i c  a p p r o a c h  i s
a l s o  u s e d  i n  t h e  T R A N S Y T  p r o g r a m
( V i n c e n t ,  M i t c h e l l  a n d  R o b e r t s o n  I 9 8 0 )
f o r  a  n e t h r o r k  o f  t r a f f i c  s i g n a l s
a l  t h o u g h i t s d e t e r m i n i s t i c
c a l c u l a t i o n s  i n v o l v e  a  s i m u l a t i o n - l i k e
me thod .  Ano the r  p rog ram wh ich  has
b e e n  u s e d  i n  A u s t r a l  i a  f o r  s i n g l e
i n t e r s e c t i o n  c a l c u l a t i o n s ,  S I M S E T 2 ,
e m p l o y s  s e p a r a t e  s i m u l a t i o n  m o d e l s  f o r
un i  f o rm  and  random a r r  i va l s  (S ims
f 9 8 0 )  r  a n d  i s  u s e d  i n  e i t h e r  t h e
un i f o rm  o r  t he  random a r r i va l  mode .
The  th ro  S IMSET mode ls  a re  d i f f e ren t  t o
t h o s e  i n  S I D R A ,  a n d  w i l l  t h e r e f o r e
lead  to  d i f f e ren t  pe r fo rmance
p r e d i c t i o n s  a n d ,  s o m e t i m e s ,  d i f f e r e n t
t i m i n g  r e s u l t s .  O t h e r  d i f f e n c e s
be tween  the  two  p rog rams  a re  t ha t
S I D R A ,  b e i n g  n o n - s i m u l a t i o n  b a s e d ,  i s
fas te r  and  p roduces  rep roduc ib le
r e s u l t s  f o r  r a n d o m  a r r i v a l s .

4 . S I D R A - 2  c a n  d e t e r m i n e  s i g n a l
t im ings  fo r  ve ry  comp lex  phas ing
a r r a n g e m e n t s  w i t h  a n y  c o m b i n a t i o n  o f
ove r l aps ,  m in imum and  max  imum
cons t ra in t s ,  and  two  sepa ra te  g reen
p e r i o d s  p e r  c y c l e .  T h i s  i s  a c h i e v e d
th rough  the  use  o f  t he  c r  i t i ca l
movemen t  i den t i  f i ca t i on  t echn ique  o f
A R R  N o .  L 2 3 .  T h e  e m p h a s i s  i s  o n  t h e
use  o f  '  p rac t  i ca l  t  ,  r a the r  t han
' o p t i m u m '  s i g n a l  t i m i n g  s o l u t i o n s  ( s e e
ARR No .  1 -Z3  fo r  t he  usage  o f  t hese
t e r m s ) .  T h u s ,  h i l l - c l i m b i n g  t Y P e
sea rch  p rocedu res  a re  no t  used  i n
S r D R A - 2 .  w h i l e  a n  ' o p t i m u m '  s o l u t i o n
i n d  i c a t e s  t h e  b e s t  p o s s i b l e  t i m i n g s
fo r  a  g i ven  des ign  dePend ing  on  the
c r i t e r i a  u s e d ,  t h e  ' P r a c t i c a l '

s o l u t i o n  t e n d s  t o  i n d i c a t e  t h e
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w e a k n e s s e s  o f  t h e  d e s i g n .  F o r
e x a m p l e ,  i . n  r e a l  l i f e r  l o n g  m a x i m u m
g r e e n  t i m e  s e t t i n g s  c o u l . d  r e s u l t  i n
r e d u c e d  s h o r t  l a n e  c a p a c i t i e s  '  a n d
h e n c e ,  c o n g e s t e d  c o n d i t i o n s .  S I D R A - 2
s o l u t i o n  c o r r e s p o n d s  t o  t h i s  s i t u a t i o n
w h e r e  t h e  c y c l e  l e n g t h  i n c r e a s e s  a s
t h e  c o n d i t i o n s  g e t  w o r s e  a n d  t h e
l o n g e r  c y c l e  t i m e  c a u s e s  f u r t h e r
d e t e r i o r a t i o n  o f  t h e  c o n d i t i o n s .  I n
s u c h  c a s e s ,  S I D R A - 2  g i v e s  a  m a x i m u m
c y c l e  t i m e  s o l u t i o n  w i t h  h i g h  d e g r e e s
o f  s a t u r a t i o n ,  w h i c h  r e f l e c t s  w h a t
h a p p e n s  i n  r e a l  I i f e .  A n  ' o P t i m u m '

s o l u t i o n  m a y  n o t  i n d i c a t e  t h i s
p r o b l e m .

5 . I n  S I D R A - 2 ,  i n d  i v i d u a l
m o v e m e n t s  a r e  t h e  b a s i s  o f  t i m i n g
c a l c u l a t i o n s  a s  i n  A R R  N o .  1 2 3 .  L a n e
c a p a c i t y  e s t i m a t e s  a r e  c o n v e r t e d  t o
m o v e m e n t  s a t u r a t i o n  f l o w  v a l u e s  u s i n g
t h e  m e t h o d  o f  A R R  N o .  L 2 3  a n d  t h e n
u s e d  f o r  t i m i n g  c a l c u l a t i o n s .  F o r  a
s e t  o f  s i g n a l  t i m i n g s  ( t h e  c y c l e  t i m e
a n d  g r e e n  t i m e s )  w h i c h  m a y  b e
u s e r - s p e c i f i e d  o r  c o m p u t e d  '  S I D R A - 2
c a l c u l a t e s  t h e  e s t i m a t e s  o f  d e l  a y ,
n u m b e r  o f  s t o p s  a n d  q u e u e  l e n g t h .
T h i s  i s  d o n e  u s i n g  e x t e n d e d  f o r m s  o f
t h e  f o r m u l a e  g i v e n  i n  A R R  N o .  L 2 3
w h i c h  c o v e r  t h e  c a s e  o f  t h r o  g r e e n
p e r i o d s  p e r  c y c 1 e .  F u r t h e r m o r e ,  t h e
p e r f o r m a n c e  f o r m u l a e  a r e  a p p l i e d  o n  a
l a n e - b y - l a n e  b a s i s  w h e r e a s  t h e y  a r e
used on  a  movement -by-movement  bas is
i n  A R R  N o .  l - 2 3 .  T h i s  i s  d i s c u s s e d  i . n
d e t a i l  l a t e r  i n  t h e  p a P e r .

6 . T h e  m o s t  i m p o r t a n t  f e a t u r e
o f  S I D R A - 2  w h i c h  w a s  n o t  a v a i l a b l e  i n
t h e  o r i g i n a l  v e r s i o n  i s  t h e  f a c i l i t y
t o  e s t i m a t e  s a t u r a t i o n  f l o w s .  T h i s
f a c i l i t y  i s  p a r t i c u l a r l y  u s e f u l  i n  t h e
comp l i ca ted  cases  o f  opposed  tu rns  and
s h o r t  l a n e s  w h e r e  m a n u a l  c a l c u l a t i o n s
a re  o f t en  ted ious  and  no t  accu ra te  i n
some cases .  A1  though  fo rmu lae  a re
g i v e n  i n  A R R  N o .  1 2 3  f o r  c a l c u l a t i n g
l a n e  f l o w s ,  t h i s  h a s  n o t  b e e n
s p e c i f i e d  a s  a  n e c e s s a r y  p a r t  o f  t h e
c a p a c i t y  e s t i m a t i o n  p r o c e d u r e .  T h i s
w a s  p a r t l y  d u e  t o  a n  e f f o r t  n o t  t o
d  i  f f e r  t oo  much  f  r om the  ea  r  I  i e r
t echn iques  and  pa r t l y  because  the
m a n u a l  c a l c u l a t i o n s  w o u l d  b e  t e d i o u s .
A  l ane -by - Iane  me thod  fo r  sa tu ra t i on
f l ow  es t ima t i on  had  a l ready  been  used
i n  t h e  S w e d i s h  m e t h o d  ( P e t e r s o n ,  e t
a I .  f 978 )  and  a  compu te r  p rog ram was
deve loped  fo r  i t s  execu t i on  (Hansson
1 9 8 0 ) .  D i s c u s s i o n s  o n  t h e  c a l c u l a t i o n
o f  l ane  f l ows  can  a l so  be  found  i n
G e t a o  a n d  V a n  V l i e t  ( 1 9 8 0 )  a n d  A k c e l i k
( f 9 8 0 ) .  r n  a  p a p e r  p r e s e n t e d  a t  t h e
1 1 t h  A R R B  C o n f e r e n c e ,  D u n n  ( 1 9 8 2  )
showed  the  t ypes  o f  e r ro r  t ha t  may
resuL t  when  l ane  f l ows  a re  no t
c a l c u l a t e d .  A t  t h e  e a r l y  s t a g e s  o f
S IDRA-2  deve lopmen t ,  a  rn i x tu re  o f
lane-based and movement-based capaci ty
es t i .ma t i on  me thods  were  be ing  used .
Howeve r ,  ma in l y  as  a  consequence  o f
t he  deve lopmen t  o f  a  so lu t i on  t o  t he
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' l ane  i n te rac t i on r  p rob lem ,  a
cornplete ly  lane-based capaci ty
es t ima t i on  me thod  was  f i na l l y  adop ted .
T h i g  i s  e x p l a i n e d  i n  t h e  f o l l o w i n g
pa rag raphs .

.LANE INTERACTIONI  PROBLEI , I  AND OPPOSED
TURNS

7 . I t  i s  qu i t e  common  to  f i nd  a
lane a l located to two movements which
r e c e i v e  r i g h t  o f  w a y  a t  d i f f e r e n t
t i nes  du r i ng  the  s igna l  cyc le .  Fo r
examp le ,  t h rough  and  r i gh t - t u rn ing
t r a f f i c  i n  a  l a n e  w h e r e  r i g h t - t u r n i n g
t r a f f i c  c a n  d e p a r t  f r e e l y  i n  o n e  g r e e n
pe r i od  (g reen  a r row)  and  have  to
f i l t e r  t h r o u g h  t h e  o p p o s i n g  t r a f f i c  i n
ano the r  (g reen  d i sc )  wh i l e  t h rough
t ra f f i c  can  depa r t  du r  i ng  bo th
p e r i o d s .  I n  t h i s  c a s e ,  t h e r e  i s  n o t  a
c l e a r l y  d e f i n e d  ' g r e e n  p e r i o d '  f o r  t h e
lane  s ince  the  two  movemen ts  w i l l
b l ock  each  o the r  and /o r  w i I l  depa r t
t o g e t h e r  a t  d i f f e r e n t  t i m e s .  A s  s u c h ,
t h e  l a n e  w i l l  h a v e  c h a r a c t e r i s t i c s
d i f f e r e n t  f r o m  t h e  o t h e r  l a n e s  o f  b o t h
movemen ts .  The  mos t  e f f i c i en t  and
gene ra l  r ne thod  to  t h i s  p rob lem has
been  found  by  t he  adop t i on  o f  a
c a p a c i t y  e s t i m a t i o n  p r o c e s s  w h i c h
t rea ts  i nd i v i dua l  l anes  o f  a  movemen t
(o r  seve ra l  movemen ts )  f r om an
app roach  road  sepa ra te l y .  As  an
essen t i a l  f ea tu re  o f  t he  l ane -by - l ane
method ,  S IDRA-2  ca l cu la tes  t he  l os t
t imes  and  e f f ec t i ve  g reen  and  red
t imes  fo r  each  l ane  o f  each  movemen t
sepa ra te l y .  The  movemen ts  wh i ch  have
a  l a n e  i n  c o m m o n  ( i . e .  i n t e r a c t i n g )
a re  t r ea ted  toge the r  and  the  Iane  i n
common  i s  un ique l y  de f i ned .

8 . Opposed turns in  shared
l a n e s r  € . 9 .  t h r o u g h  a n d  r i g h t - t u r n
lanes ,  can  be  cons ide red  to  be  a
s p e c i a l  c a s e  o f  l a n e  i n t e r a c t i o n .  I n
A R R  N o .  1 2 3 ,  o p p o s e d  t u r n  e q u i v a l e n t s
( e o )  a r e  c a l c u l a t e d  f o r  s h a r e d  I a n e s ,
w h i l e  a  l o s t  t i m e  ( a n d  g r e e n  t i m e )
ad jus tmen t  me thod  has  been  desc r i bed
fo r  opposed  tu rns  f r om an  exc lus i ve
I a n e .  T h e  a d o p t i o n  o f  t h e
lane -by - l ane  me thod  has  a l l owed  the
use  o f  t he  l os t  t ime  ad jus tmen t  me thod
fo r  t he  sha red  l anes  a l so  s i nce
d i f f e ren t  ! t r een  t imes  and  l os t  t imes
can  be  used  fo r  d i f f e ren t  l anes  o f  t he
same movemen t .  Thus ,  t he  es  me thod  i s
no  l onge r  used  i n  S IDRA-2 .

9 .  The  opposed  tu rn  me thod  has
been  fu r the r  improved  by  aJ . l ow ing  fo r
any  depa r tu res  o f  unopposed  t ra f f i c
(e .9 .  t h rough )  f r om the  sha red  l ane
before being b locked by the opposed
t r a f f i c  ( e . 9 .  r i g h t - t u r n s ) .
Ca l cu la t i ons  a re  based  on  a
p r o b a b i l i t y  f o r m u l a  g i v e n  b y  H e g a r t y
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I I .

a n d  P r e t t y  ( 1 9 8 2 ) .  S I D R A - 2  a l l o w s  f o r
up  to  f ou r  oppos ing  movemen ts  w i t h
d i f f e r e n t  f l o w  a n d  t i m i n g
c h a r a c t e r i s t i c s .  A  s p e c i a l  a l g o r i t h m
is  emp loyed  to  p rocess  a1  I  t he
oppos ing  movemen ts  t o  f i nd  t he
i n t e r v a l s  d u r i n g  w h i c h  d e p a r t u r e s  b y
gap -accep tance  can  occu r .  Depa r tu re
ra tes  a re  ca l cu la ted  acco rd i . ng  t o
whe the r  seve ra l  oppos ing  movemen ts  run
toge the r  o r  no t ,  and  whe the r  an
oppos ing  movemen t  i t se l f  i s  opposed  by
ano the r  movemen t .

10 .  The  opposed  tu rn  capac i t y
es t ima t i on  rne thod  o f  ARR No .  L23  i s
fur t .her  i rnproved in s IDRA-2 by
cons ide r i ng  each  l ane  o f  each  oppos ing
movemen t  i nd i v i dua l l y .  The  end  o f
sa tu ra t i on  i n  any  Lane  o f  t he  oppos ing
movemen t  can  be  found  more  aecu ra te l y
s i n c e  a n y  l a n e  u n d e r - u t i l  i s a t i o n
e f f e c t  i s  e x p l i c i t l y  a c c o u n t e d  f o r ,
i . e .  t h e r e  a r e  n o  a v e r a g i n g  e f f e c t s .
The  sa tu ra t i on  f l ow  o f  opposed  tu rns
wh i l e  t hey  can  depa r t  by  accep t i ng
gaps  i n  t he  oppos ing  s t ream i s
ca l cu la ted  us ing  a  me thod  desc r i bed  by
G i p p s  ( f 9 8 2 ) .  T h e  m e t h o d  i n v o l v e s  t h e
c a l c u l a t i o n  o f  s a t u r a t i o n  f l o w  a s  a
func t i on  o f  oppos ing  l ane  f l ows  ra the r
than  the  to ta l  oppos ing  f l ow .

E S T I H A T I O N  O F  L A N E FLOWS AND
C A P A C I T I E S

F o r  a  s e t  o f  s i g n a l  t i m i n g s ,
S I D R A - 2  e s t i m a t e s  l a n e  f l o w s  a n d
c a p a c i t i e s  a s  f o l l o w s .  T h e  l a n e  f l o w s
a r e  c a l c u l a t e d  a c c o r d i n g  t o  t h e
p r  i . n c i p l e  o f  e q u a l  d e g r e e s  o f
s a t u r a t i o n  a s descr  ibed 1 n
ARR No .  L23 .  The  spec i f i ed  l ane
d i sc ip l i nes  and  max imu ln  t u rn ing  f l ows
a re  cons ide red  i n  t he  p rocess  o f
c a l c u l a t i n g  I a n e  f l o w s .  T h i s  m a y  l e a d
t o  l a n e  u n d e r - u t i I  i s a t i o n .  F o r
examp le ,  a  l ane  spec i f i ed  as  a  t h rough
and  r i gh t - t u rn  l ane  may  be  a l l oca ted
t o  r i g h t - t u r n  t r a f f i c  o n l y  b e c a u s e  t h e
d e g r e e  o f  s a t u r a t i o n  o f  t h e  l a n e  i s
h ighe r  t han  the  ad jacen t  l anes  wh ich
a r e  a v a i l a b l e  t o  t h r o u g h  v e h i c l e s .
Because  the  l ane  f l ows  and  capac i t i es
a re  i n te r -dependen t ,  t hey  a re  compu ted
u s i n g  a n  i t e r a t i v e  p r o c e s s .  F u r t h e r
i t e r a t i o n s  a r e  c a r r  i e d  o u t  t o
r e - a d j u s t  c a p a c i t i e s  d u e  t o  t h e
chang ing  cond i t i ons  o f  opposed  tu rns
and  sho r t  l anes  as  l ane  f l ows  change .

L 2 .  W h e n  a  c o n s i  s t e n t  s e t  o f
l a n e  f l o w s  a n d  c a p a c i t i e s  a r e  f o u n d  a t
t h e  e n d  o f  i t e r a t i o n s ,  t h e  c a p a c i t y
va lues  a re  conve r ted  to  movemen t
s a t u r a t i o n  f l o w  v a l u e s  u s i n g  t h e  b a s i c
r e L a t i o n s h i p s  g i v e n  i n  A R R  N o .  1 2 3 .
A n y  u n d e r - u t i l i s a t i o n  o r  e f f e c t i v e
g r e e n  t i m e  d i f f e r e n c e s  o f  i n d i v i d u a l

1 3 9
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l a n e s  a r e  t a k e n  i n t o  a c c o u n t  i n  t h i s
p r o c e s s .  I n  t h e  c a s e  o f  l a n e
i n t e r a c t i o n ,  t h e  s a t u r a t i o n  f l o w s  a r e
c a l c u l a t e d  i n  s u c h  a  w a y  t h a t  t h e
d e g r e e s  o f  s a t u r a t i o n  o f  t h e  m o v e m e n t s
i n v o l v e d  i n  l a n e  i n t e r a c t i o n  a r e  n o t
c h a n g e d .

l _ 1  . S i g n a I  t i m i n g s  ( c y c l e  t i m e
a n d  p h a s e  c h a n g e  t i m e s )  a r e  c a L c u l a t e d
u s i n g  t h e  m o v e m e n t  s a t u r a t i o n  f l o w s
w h  i . c h  a r e  e s t i m a t e d  a s  d e s c r  i b e d
a b o v e . S i n c e  t h e  t i m i n g s  a n d
s a t u r a t i o n  f l o w s  a r e  i n t e r - d e p e n d e n t ,
i t e r a t i o n s  a r e  c a r r i e d  o u t  t o  f i n d  a
c o n s i  s t e n t  s e t  o f  r e s u l  t s .  I n
S I D R A - 2  ,  t h e s e  a r e  c a l  l e d  m a  i n
i t e r a t i o n s  t o  d i s t i n g u i s h  t h e m  f r o m
s u b -  i t e r a t i o n s  f o r  l a n e  f l o w  a n d
c a p a c i t y  c a l c u l a t i . o n s .  U p  t o  t e n  m a i n
i t e r a t i o n s  a r e  a l l o w e d .  T h e r e  a r e
c a s e s  w h e r e  e q u i l  i b r  i u m  c a n  n o t  b e
a c h i e v e d  w h i c h  a r e  r e p o r t e d  b y  t h e
p r 0 9 r a m .

1 A I t  s h o u l d  b e  e m p h a s i s e d  t h a t
t h e  '  s a t u r a t i o n  f l o w s '  c a l c u l a t e d  b y
S I D R A - 2  a s  d e s c r i b e d  a b o v e  a r e  q u i t e
d  i  f f e r e n t  f r o m  t h e  b a s i c  s a t u r a t i o n
f l o w s  w h i c h  a r e  i n d e p e n d e n t  o f  s i g n a l
t i m i n g s .  T h e s e  a r e ,  r a t h e r ,  s e c o n d a r y
s t a t i s t i c s  c a l c u l a t e d  f r o m  p r  i m a r y
l a n e  c a p a c i t y  v a l u e s .  B e c a u s e  I a n e
c a p a c i t i e s  a r e  d e t e r m i n e d  b y  o p p o s e d
t u r n ,  s h o r t  l a n e  a n d  l a n e  i n t e r a c t i o n
c h a r a c t e r i s t i c s  w h i c h  a r e  s t r o n g l y
t i m i n g  d e p e n d e n t .  t h e  r e s u l t i n g
s a t u r a t i o n  f l o w s  a r e  s i m i l a r l v  t i m i n q
d e p e n d e n t . T h e  d  i f f e r e n c e  b e t w e e n 1 7 .
S I D R A - 2  a n d  o t h e r  c o m p u t e r  p r o g r a m s
w h i c h  u s e  c o n s t a n t  ( u s e r - s p e c i f i e d )
s a t u r a t i o n  f l o w s  r  e . g .  S I G S E T  a n d
S I G C A P  ( A l l s o p  L 9 7 6 ,  l 9 8 l )  a n d  T R A N S Y T
( V i n c e n t ,  € t  a l .  1 9 8 0 )  i s  v e r y
i m p o r t a n t .  F o r  e x a m p l e ,  t h e  s p a r e
c a p a c i t v  r e s u l t s  b a s e d  o n  t h e
a s s u m p t i o n  o f  c o n s t a n t  s a t u r a t i o n
f l o w s  b e c o m e  r a t h e r  m i s l e a d i n g .  I t  i s
a l s o  i m p o r t a n t  t o  n o t e  t h a t ,  u n l i k e
t h e  a s s u m p t i o n  m a d e  i n  t r a d i t i o n a l "
t h e o r y ,  t h e  c a p a c i t y  f u n c t i o n  i s  n o t
n e c e s s a r i l y  c o n t i n u o u s  i n  a 1 l  c a s e s .
S I D R A - 2  i n d i c a t e s  m a n y  c a s e s  o f
d i s c o n t i n u i t y  w h i c h  a r e  d u e  t o  c h a n g e s
i n  l a n e  u t i l  i s a t i o n .

o p p o s e d  t u r n s ,  s h o r t  l a n e s  a n d  l a n e
i n t e r a c t i o n .  I t  s h o u l - d  b e  n o t e d  t h a t
A R R  N o .  1 2 3  r e c o m m e n d s  t h e  d e s c r i o t i o n
o f  u n d e r - u t i I  i s e d  I a n e s  a n d  e x c l - u s i v e
l a n e s  a s  s e p a r a t e  m o v e m e n t s  s o  a s  t o
r e d u c e  p o s s i b l e  e r r o r s  i  n the
c a l c u l a t i o n  o f o p e r a t r n g
c h a r a c t e r  i s t i c s .  E x t e n s i o n  t o  t h e
I a n e  i n t e r a c t i o n  c a s e  i s  p o s s i b l e  b u t
i t  h a s  b e e n  f o u n d  t h a t  i t  i s  b e t t e r  t o
t r e a t  a  I a n e  i n v o l v e d  i n  i n t e r a c t i o n
o n  i t s  o w n  r a t h e r  t h a n  a s  p a r t  o f  t h e
t w o  m o v e m e n t s  w h i c h  s h a r e  t h e  l a n e .

1 5 .  T h e r e  i s  a n o t h e r  a s p e c t  o f
t h e  c a l c u l a t  i o n  o f  o p e r  a t i  n g
c h a r a c t e r i . s t i c s  w h i c h  h a s  i m p o r t a n t
i m p l i c a t i o n s  i n  t e r m s  o f  b o t h  p r a c t i c e
and t h e o r y  o f  s i g n a l  d e s i g n .
C o n s i d e r  i n g  a  s i m p l e  m o v e m e n t  w i  t h
e g u a l  I a n e  u t i l i s a t i o n  ( i . e .  e q u a l
d e g r e e s  o f  s a t u r a t i o n ) ,  t h e  o v e r f l o w
q u e u e  v a l u e s  c a l c u l a t e d  o n  a
l a n e - b y - I a n e  b a s i s  d o  n o t  a d d  u p  t o
t h e  o v e r f l o w  q u e u e  v a l u e  c a l c u L a t e d
f o r  t h e  m o v e m e n t  a s  a  w h o l e .  I n  t h e
c a s e  o f  l a n e  u n d e r - u t i l i s a t i o n ,  t h e
prob lem becomes  more  se r  i ous . I n
t e r m s  o f  t h e  W e b s t e r  d e l a y  f o r m u l a
( W e b s t e r  a n d  C o b b e  1 9 6 6 ) .  o r  t h e
method o f  t h e  T R A N S Y T  p r o g r a m
( V i n c e n t ,  € t  a I .  1 9 8 0 )  ,  t h i s
co r responds  to  t he  f ac t  t ha t  t he  same
' r a n d o m  d e l a y '  v a l u e w i l l  b e
c a l c u l a t e d  o n c e  f o r  t h e  m o v e m e n t  a s  a
w h o l e  a s  a g a i n s t  f o r  e a c h  I a n e  o f  t h e
m o v e m e n t  r e p e a t e d l y .

T h e  c a l c u l a t i o n s  o n  a
movemen t -by -movemen t  bas i s  may  l ead  to
m i s l e a d i n g  r e s u l t s  i n  s i g n a l  d e s i g n
w h i c h  c a n  b e  e x p l a i n e d  b y  m e a n s  o f  a n
e x a m p l e : s u p p o s e  a  d e s i g n  o p t i o n
i n v o l v e s  t h e  d e s c r i p t i o n  o f  t h e  t w o
lanes  o f  an  app roach  road  as  two
movemen ts  whe reas  a  second  des ign
o p t i o n  i n v o l v e s  t h e  d e s c r i p t i o n  o f  t h e
two  l anes  as  one  movemen t .  I n  t h i s
c a s e ,  t h e  f i r s t  d e s i g n  o p t i o n  w o u l d  b e
p e n a l i s e d  b e c a u s e  o f  t h e  a d d i t i o n a l
d e I  a y , number o f  s t o p s ,  e t c .
c a l c u l a t e d  a s  a  r e s u l t  o f  t h e  m o v e m e n t
d e s c r i p t i o n .  I t  s h o u l d  b e  e m p h a s i s e d
t h a t  a l l  e x i s t i n g  m e t h o d s , / c o m p u t e r
p r o g r a n s  w h i c h  d o  n o t  u s e  a
I a n e - b y - l a n e  m e t h o d f o r the
c a l c u l a t  i  o n o f o p e r a t i n g
c h a r a c t e r i s t i c s  w i I l h a v e t h i  s

O P E R A T I N G  C H A R A C T E R I S T  I C S

1 5 .  I n  A R R  N o .  1 2 3 ,  i t  i s
recommended  tha t  t he  f o rmu lae  fo r
de lay ,  number  o f  s tops  and  queue
I e n g  t h a r e used on  a are no opposed t u r n s ,  I  a n e
m o v e m e n t - b y - m o v e m e n t  b a s i s .  w h i l e u n d e r - u t i l i s a t i o n  o r  s h o r t  I a n e s  i n
t h i s i  s  c o n v e n i e n t  f o r  m a n u a l t h i s  e x a m p l e . T h e  d a t a  f o r  t h e
c a l c u l a t i . o n s ,  t h e  a c c u r a c y  h a s  b e e n
i . m p r o v e d  i n  S I D R A - 2  b y  a p p l y i n g  t h e
f o r m u l a e  t o  e a c h  l a n e  i n d i v i d u a l l y .
T h e  i m p r o v e d  a c c u r a c y  i s  r e l a t e d  t o
t h e  c a s e s  o f  I a n e  u n d e r - u t i l i s a t i o n '

1 4 0

p r o b l e m .

1 8 .  T h e  s i m p l e  e x a m p l e  i n  F i q .
t  i s  u s e d  t o  s h o w  t h e  d i f f e r e n c e
b e t w e e n  c a l c u l a t i n g  o p e r a t i n g
c h a r a c t e r  i  s t i c s  o n  a  l a n e -  b y -  l a n e
b a s i s  a n d  o n  a  m o v e m e n t - b y - m o i r e r n e n c
b a s i s .  I t  s h o u l d  b e  n o t e d  t - h a t  t h e r e

e x a m p l e  i s  t a k e n  f r o m  A R R  N o  .  L Z j ,
S e c t i o n  9 ,  E x a m p l e  9 . 1 ,  c a s e  ( c )  .  T h e
d a t a ,  t o g e t h e r  w i  t h  t h e  S I D R A - 2
e s t i m a t e s  o f  l a n e  f l o w s  a n d  s a t u r a t i o n
f l o w s  a r e  g i v e n  i n  F i g .  ! .  T h e  f l o w s

ARRB PROCEEDINGS
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S|DRA.2 Enim.s. of L8.
Flowr and Srtrctim Flowr

F is .  I

g i v e n  i n  p i q .  I  p r e s e n t  a  c a s e  o f  l o w
d e g r e e  o f  s a t u r a t i o n  1 x  =  0 . 4 7 5 ) .  A
c a s e  o f  h i g h  d e g r e e  o f  s a t u r a t i o n  i s
a l so  cons ide red  us ing  the  same examp le
w i t h  t h e  f l o w s  d o u b l e d  ( x  =  0 . 9 4 9 ) .

1 9 . The  to ta l  de lay  es t ima tes  i n

An example for lane-by- ' lane method of calculat ing performance stat ist ics:
Data and SIDRA-2 estimates of lane flows and saturation flows

usigS these values.  However,  the
fo l l ow ing  s inp l i f i ed  me thod  can  be
used to
c h a r a c t e r i s t i c s

ca l cu la te operat i  ng
w i thou t  f i nd ing

veh -h , / h  a re  summar i sed  i n  Tab le  I .
Fo r  compar i son  w i th  t he  resu l t s  based
on  the  ARR No .  L23  fo rmu la ,  t he
resul ts  f rom the wel l -known Webster
de lay  f o rmu la  a re  a l so  g i ven .  The  sum
of  -  ! h "  ,  de lay  va lues  ob ta ined  by
app l y i ng  the  ARR No .  I 23  f o rmu la  f o i
each  l ane  sepa ra te l y  co r responds  to
the  va lue  p r i n ted  ou t  by  S rOnA-2 .
Compar i son  o f  t he  sum o f  l ane  de lav
v a l u e s  w i t h  t h e  v a l u e  o f  d e f a l r
ca l cu la ted  when  a l I  l anes  a re  t r ea ted
as  one  movemen t  shows  tha t  ve ry  l a rge
d i f f e r e n c e s  m a y  r e s u l t  f o r  h i g h
d e g r e e s  o f  s a t u r l t i o n  u s i n g  b o t h  t h e
ARR No .  L23  fo rmu la  and  the  Webs te r
fo rmu la .  As  seen  i n  Tab le  I ,  t he  sum
of  l ane  de lay  va lues  equa l s  t he
movemen t  de lay  f o r  l ow  deg rees  o f
s a t u r a t i o n  w i t h  t h e  A R R  N o .  L 2 3
f o r m u l a .  T h i s  i s  b e c a u s e  t h e  o v e r f l o w
term i  s  zero and the un i  for rn
c o m p o n e n t s  a r e  a d d i t i v e  ( t h i s  d o e s  n o t
app l y  t o  t he  Webs te r  f o rmu la )  .  I n
gene ra l ,  t he  d i f f e rences  be tween  the
resu l t s  f r om the  l ane -by - l ane  me thod
and the movenent-by-movement method
become pa r t i cu la r l y  l a rge  when  the re
i s  l ane  unde r -u t i l  i sa t i on  and  the
d e g r e e  o f  s a t u r a t i o n  o f  t h e
u n d e r - u t i l i s e d  l a n e  i s  l o w  w h i l e  t h e
d e g r e e  o f  s a t u r a t i o n  o f  t h e  o t h e r
l a n e  (  s )  i s  h i g h .

20 .  I dea l l y ,  t he  l ane  f l ows  and
capac i t i es  shou ld  be  es t ima ted  as  i n
S IDRA-2  and  the  ope ra t i ng
cba rac te r i s t i cs  shou ld  be  ca l cu la ted
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ind i v i dua l  l ane  va lues  fo r  t he
Purpoaes  o f  manua l  ca l cu la t i ons .
Re fe r r i ng  t o  t he  f o rmu lae  i n  Sec t i on  G
9 f  A R R  N o .  L 2 3 ,  t h e  g r e e n  t i m e  r a t i o ,
f l ow  ra t i o  and  the  deg ree  o f
saturat ion are assumed to be the same
for  a l l  lanes and the same as the
movenen t  va lue .  F ind  the  ave rage  l ane
f l ow  and  capac i t y  va lues  by  d i v i d i ng
the movement f los and capaci ty  by th-
n u m b e r  o f  l a n e s  ( q i  =  g / n ,  e i  =  e / n ) .
Ca l cu la te  ( sg ) l '  =  Q ;  c , / 36d0  to
c a l c u l a t e  x 6 i  v a l u e ' f o r  t h e  1 a n e .  U s e
Q i  a n d  x o i  i n  e q n  ( 5 . 1 )  o f  A R R  N o .  I 2 3
to  ca l cu la te  t he  ove r f l ow  queue  fo r  an
a v e r a g e  l a n e ,  N o i .  U s e  q ;  a n d  N 4 i  t o
f  i nd  t o ta l  de lay , - ' number  o -d  s tops " ' and
the maximum back of  the queue for  the
Iane ,  D  i . r  H  i  and  N  , i .  f he  t o ta l  de lay
and number of  s tops for  the movement
a r e  D  =  n D i  a n d  H  =  n H i ,  a n d  N m i  c a n
be  used  as  t he  max imum back  o f  t he
queue  i n  any  l ane .  A l t hough  th i s
me thod  g i ves  an  app rox ima te  so lu t i on ,
i  t  i  s  compat ib le wi  th  the method
adap ted  i n  S IDRA-2  and  as  such  i t
avo ids  t he  p rob lems  d i scussed  above .

AN EXAMPLE

2L .  A  fu l l  i n te rsec t i on  examp le
to  i l l us t ra te  t he  S IDRA me thod  o f
e s t i m a t i n g  l a n e  f I o w s ,  c a p a c i t i e s  a n d
o p e r a t i n g  c h a r a c t e r i s t i c s  i s  g i v e n  i n
F i e .  Z .  T h i s  i s  t h e  i n t e r s e c t i o n  o f
Grea t  Wes te rn  H ighway  and  Church

L. i l to.  F|d Sd.Fbr

r a?a
2 300
3 367

Toid rlm

z2a 9t 1at''*f I r^

trm
168t
r5a8

1 4 1



AKCELIK _ SIGNALISED INTERSECTIONS

TABLE I

TOTAL DELAYS IN VEH-H/H FOR THE EXAI.IPLE IN FIG. 1

Low Decrree of  Saturat ion:  x  = 0.475 High Degree of  Saturat ion:  x  = 0.949

Movement
Descri pti on ARR No. 123

Formul a
l,lebster *
Formul a

ARR No.  123
Formul a

l.lebster *
Formul a

Lane I

Lane 2

Lane 3

1 . 2 2

1  . 4 5

1 .34

1 . 2 9

1 . 5 0

1 . 4 0

8.89

9 . 7 2

9 .  3 5

1 1 . 1 1

t  1 . 8 1

1 1 . 5 3

Sum
+

4 . 0 1 ' 4 . 1 9 27.g6t 34 .45

Al l  Lanes ++ 4 . 0 1 3 .  18 16.62 18.50

*  l {ebster 's  s impl i f ied forrnula ( in  ARR No.  123 notat ion) :

o= o.stffif . a#nr
SIDRA-2 solution for movemnt de'lay

Lanes 1, 2 and 3 together treated as a single movetnent without attention
to indiv idua' l  lanes

S t ree t  i o  Pa r rama t ta ,  Ne rd  Sou th  Wa1es .
L u k ,  L o v r r i e  a n d  s i m s  ( 1 9 8 2 )  d i s c u s s e d
t h e  d i f f i c u l t i e s  o f  m o d e l l i n g  t h i s
i n te rsec t i on  f o r  TRANSYT in  some
d e t a i l .  T h i s  i n t e r s e c t i o n  p r e s e n t s
lane  i n te rac t i on  p rob lems  i n  t he  Wes t
and  Sou th  app roach  roads ,  t he  l a t t e r
be ing  a  more  comp l i ca ted  case .  The re
a re  no  opposed  tu rns .  No te  t ha t
l e f t - t u rn ing  move inen t  f r om the  Sou th
app roach  road  (Movemen t  1086  )  i s
desc r i bed  as  hav ing  two  g reen  pe r i ods
w i t h  a  s t a r t  l a g  o f  2 8  s  f o r  t h e  f i l s t
g r e e n .  T h i s  i s  d u e  t o  t h e  c o n f l i c t i n g
p e d e s t r i a n  m o v e m e n t .  I n d i v i d u a l  l a n e
sa tu ra t i on  f l ows  wh ich  had  been
measu red  i n  t he  f i e l d  a re  sPec i f i ed  t o
S I D R A  a s  i n p u t .  C y c l e  t i m e  i s
s p e c i f i e d  a s  I 4 0  s  a n d  v a r  i o u s
c o n s t r a i n t s  d e s c r i b e d  i n  L u k ,  e t  a l .
( 1 9 8 2 )  a r e  u s e d .

m o v e m e n t s  a n d  o n e  f o r  i n d  i v  i d u a l
l a n e s .  T h e  m o v e m e n t  s t a t i s t i c s  a r e
g r o u p e d  b y  a p p r o a c h  r o a d  i n  a c c o r d a n c e
w i t h  i n p u t  s p e c i f i c a t i o n .  T h e  d e t a i l s
o f  I a n e  f 1 o w s ,  c a p a c i t i e s ,  e t c .  c a n
b e  s e e n  i n  n i q .  3 ( d ) .  I t  i s  s e e n  t h a t
a  s o l  u t i o n  w i  t h  e q u a l  d e g  r e e s  o f
s a t u r a t i o n  i s  a c h i e v e d  f o r  t h e  l a n e s
a l l o c a t e d  t o  n o v e m e n t s  1 0 8 4 ,  1 0 8 5  a n d
1 0 8 6 .  O n  t h e  o t h e r  h a n d ,  t h e r e  i s
u n e q u a l  l a n e  u t i l i s a t i o n  i n  t h e  W e s t
a p p r o a c h  r o a d  ( m o v e m e n t s  1 0 8 0  a n d
1 0 8 1 ) :  n o  t h r o u g h  v e h i c l e s  w i I I  u s e
t h e  c e n t r e  l a n e  b e c a u s e  t h e  c o n d i t i o n s
a r e  m u c h  w o r s e  i n  t h a t  l a n e .  F i n a l I y ,
t h e  t i m i n g  d i a g r a m  i n  F i q .  3  ( e )
i l l u s t r a t e s  p h a s e  c h a n g e  t i m e s  a n d
e f f e c t i v e  g r e e n  a n d  r e d  t i m e s  f o r
m o v e m e n t s  ( G  d e n o t e s  g r e e n  p e r i o d )  .

DEVELOPMENT OF SIDRA-2

2 2 . Fu I l  S IDRA-2  ou tpu t  f o r  t h i s
e x a m p l e  i s  g i v e n  i n  F i q s  I  ( a )  t o  l e ) .
I n p u t  d a t a  a r e  s u m m a r i s e d  i n  t h e  f i r s t
page  o f  t he  ou tPu t  as  seen  i n
F i q .  3 ( a ) .  T h e  l i s t i n g  o f  m o v e m e n t
s a t u r a t i o n  f l o w s ,  c a p a c i t i e s ,  e t c .
a n d  t h e  r e s u l t s  o f  t i m i n g  c a l c u l a t i o n s
a r e  s e e n  i n  F i q .  3  ( b )  .  T h e  p h a s e
c h a n g e  t i m e s  f o u n d  b y  S I D R A - 2  a r e  ( 0 r
3 L ,  7 6 ,  1 1 5 ) .  T h e s e  a r e  v e r y  c l o s e  t o
t h e  t i m e s  u s e d  b y  L u k ,  e t  a l .  ( f 9 8 2 )
w h i c h  a r e  ( 0 ,  3 0 ,  7 4 ,  1 1 5 ) .  I n
F i q  .  3  ( c )  ,  o p e r a t i n g  c h a r a c t e r  i s t i c s
a re  summar i sed  i n  two  tab les ,  one  fo r

142

2 3 . T \ d o  t r  i a l  w o r k s h o p s  w e r e
he ld  du r  i ng  t he  deve lopmen t  o f
S I D R A - 2 .  T h e  m a j o r i t y  o f  w o r k s h o p
a t tendees  were  t ra f f i c  eng inee rs  f r om
Sta te  Road  Au tho r i t i es  who  used
S I D R A - 2  t o  s o l v e  t h e i r  o w n  r e a l - I i f e
des ign  p rob lems .  Th i s  he lped  to
iden t i  f y  t he  a reas  o f  p rog ram
improvemen t .  As  a  resu l t ,  seve ra l
t r i v i a l  e r r o r  c o n d i t i o n s  h a v e  b e e n
removed  (mos t l y  t o  do  w i th  i npu t
e r r o r s ) ,  a  c o m p r e h e n s i v e  s e t  o f  e r r o r

ARRB PROCEEDINGS



AKCELIK _ SIGNALISED INTERSECTIONS

Intersection layout and flows

Signal phaing

Movement and lane description

1081

1080

I
rfi
I

42

:f^*

\ ,,o*. in veh/tr

MoYement numbers a3 in
Luk. et al. (1982)

1082

i-l-
l J *

i5
/- MovementNo.

- I 'toat/

f

lH 1;'-Laneinteraction
1086 1085 1084

YF
'Y9,,
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AKCELIK - SIGNALISED INTERSECTIONS

S I D R A  2

LUK,  LOf fR lE A l iD  S l t lS  -  INTERSECTIQN 108 PARRAMATTA (  C.140 )  ARR812 r  81 /02 /09 .
I NPUT DATA

COI{TROL CARD

CARD CARD NO.OF NO.OF CYCLE CYCIE MAX. OUTPUT STOP FLOI{ FLOW HV OATA UNIT SATN,FLOW
NO. TYPE PHASES TIOVS TIME INCR. CYCLE OPTIONS PENAL. PERIOD SCALE OPTIONS TtilE SCATE

|  1  4  7  1 4 0  t o r  l 8 0 r  1 l l  2 0  6 0 i  t 0 0 r  0  6 0 r  t 0 0 r

|I0VEMENT DATA: PHASE AND Tlr,l lNG PARMETERS
F  I R S T  G R E E N S E C O N O  G R E E N

CARD CARD UOV. START El' lD INTER- START END l,, l lN. MM. SIART END TNTER- START ENo tttN. i lAX.
NO. TYPE NO. PHASE PHASE GREEN LOSS GA I N GREEN GREEN PHASE PHASE GREEN LOSS GA I N GREEN GR€EN
2 4  1080 4
5 4 l 0 8 r t
4 4 t 0 8 2 |
5 4 l 0 8 l t
6  4  1084 2
1  4  1 0 8 5  1
8 4 t 0 8 6 1

4 2

4 2
4 2
5 2

2 6 2

20 20

2 2 0
2 0 0
6 * 0
6 1 0

0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
4 1 5 2 J 6 1 0

[oYElttENT DATA: FLof AND SATURATI0N FLotl, PARAMETERS

SATN FLOII TURN TRAFFIC Co| ,PoSlT l0N DATA (VEH/UNIT T l t lE)
TYPE,/RAD I US

CARO CARD l,l0v. FtOr lST 2N0 PRAC. GRAD. N0.0F ENv.
NO.  TYPE NO.  (VEH/H)  GRN GRN DEG,SATN ( ' )  LANES CLASS L R

0 0
0 0
0 0
0 0
0 0

LEFT TIROTJGH RIGHT
LV HV LV HV LV HV
0  0  0  0  6 1 8  0

4 2 0 1 9 0 0 0 0
9 6 0 4 8 8 0 0 0
9 9 0 7 9 7 0 0 0
0 0 0 0 1 8 5 0

9  5  1080  0  0  0  100  0  2
1 0  5 1 0 8 1  0  0  0  9 0 r  0  2
l t  5 1 0 8 2  0  0  0  9 0 r  0  2
l 2  5 1 0 8 5  0  0  0  r 0 0  0  2
l5 5 1084 0 0 0 90r 0 I'f 4 5 1085 0 0 0 90. 0 2'| 5 5 1086 0 0 0 90r 0 2

0 0 0 0 1 4 5 0 0 0
0 0 9 6 1 0 0 0 0 0

LANE DATA

CARO CARD I,IOV. LANE LANE T I DTH BASE LANE
N O .  T Y P E  N O .  N O .  D I S P L N  ( M T I O O )  S A T . F L O I I  U I I L .

LENGTH GREEN ADJACENT MOVEMENT NO. FREE
(M) CONSTR. NOT COi,$lON COr,iilON QUEUE
0 0 0 0 0
0 0 0 0 0
0 J 0 0 0
0  0  0  1080  0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 1084 0
0 0 0 0 0
0  0  0  1065  0

1 6  I  1 0 8 0
1 7  I  1 0 8 0
1 8  I  1 0 8 1
1 9  8  1 0 8 1
z 0  I  1 0 8 2
2 t  I  1 0 8 2
2 2  I  l 0 8 J
2 5  I  r 0 8 l
24  6  1084
2 '  8  1 0 8 5
76 A 1085
z7 8  1086
?8 I  1086

l l0r  t86J l00r
5t0r  21 51 I  00r
510* 1826 1 00r
3l0I  186J l00r
J lor  1650 100*
J50r 1650 l00r
150*  1701  100*
l l 0 r  1748  100*
l50r 1662 1 00r
Jtor  1790 l00r
llot 1662 1 00r

2 550' 1 86? 1 00r
2 330' I 790 I 00r

GROI.P DEFINITION

CARD CARD GRoUP --- - - - -GRoUP LIST---- - - - - - - -  - - - - - - - -GR0UP DESCntpTl0N---- - - - -
N0. TYPE N0. i , tov.  Mov,  Mov.  Mov.  Hov.  Mov.  Mov.  Mov.

N0 .  NO.  N0 .  N0 .  N0 .  N0 .  N0 .  N0 .
29 I I 1 1080 108r rEST APPRoACH
]O 11 2 IO82 NORTH APPROACH
31 I I  5 108]  EASTAPPROACH
52 l l  4 1084 1085 1086 souTHAppRoAcH

rrrN0TEr*r

DATA FLAGGED IIITH A * INDICATES A DEFAULT VALUE ALLOCAIED BY THE PROGRAM DUE TO ZERO OR BLANK USER INPUT.

F ig .  3 (a )  -  S IDRA-2  ou tpu t  f o r  t he  examp le  i n  F ig .  2 :
i nou t  da ta  I  i s t ' i nq

1 4 4 ARRB PROCEEDINGS



BASIC OESIGN PARAMETERS

MOV. PHASE MATRIX FLOI{
r{o. ----------

I ST GRN zND GRN
STR EI{O STR END (VEH/H) GRN

AKCELIK _ SIGNALISED INTERSECTIONS

LUK, LofiRlE AND S|MS - INTERSECTIoN 108 PARRAI'IATTA ( C=140 ) . . . . . .  r  A R R B I 2  r

CYCLE TIME = 140

SATN FLOW LOST TIi{E

s4/02/09.

1080 4 |
l 0 8 l u  I  1
1082 1 2
l08J 5 4
1084 2 5
1085 1 l
1086 I  I  4 I

r s T

6l I 1994
452 | 826
584 ll00
896 J45r
ta5 1592
745 1571
961 2089 1 891

FLoW PRAC. REQ.l , lov.TlME
RATIO DEG.

SATN 1 5T zND
Y XP GRN GRN

.155 I  .000 z5l , lAx

.257 ,900 40

.117 .900 52

.260 r  .000 19
,?11 .900 46
.414 .900 78
.174C .900 78 2 '

CAP. DEG.
SATN

( VEH/H) X
599 'r .012r
796 .545
616 .91 I
8 8 7  1 . 0 t 0
418 .92?.
808 .922

1045 .922

EFF.  GRN

1 ST 2ND
GRN GRN
2 l
6 l
21
t6
4Z
I I

5 1  2 l

1 ST zNO
GRN GRN

4

4

4
2 5 4

2ND
GRN

INTERSECTION PMMETERS :

CR I T. LOST ADJUSTED FLOH REQU I RED
MOV.  T IME LOST RATIO GRN I IME

N O ,  T I M E , L  Y  R A I I O , U
r  0 8 2  4  4  . 1 1 7  . 1 9 7
1 084 5  5  .217 .107
1 0 8 t 5 5 . 2 6 0 . 2 6 0
1 0 8 6 5  4  4  . 1 5 6  . l 5 l

T O T A L :  1 4  1 4  . 8 4 9  . 9 1 5

CYCLE TI i lE  :
MlN lMl l f , l  -  l0 l
MAXIMW .  I8O
APP. oPT tMlJr.l - 189
PRACTICAL -  165

CIOSEN -  140 AS SPECIFIED BY THE USER

DEGREE 0F SATN : 1.057

PHASE INFORHATIO}{ :

PHASE CHAI{GE GREEN GREEN PROP. OF
NO. T[tE START (S] GR]+]|NTGRN

1 0 5 7 6 . 2 2 1
?  5 t  t  4 1  . 5 ? l
5 16 80 t5 .279
4  l r ,  1 2 0  2 0  . 1 7 9

N0.  0F MAIN ITERATIONS = ' l

Fig .  3 (b)  -  S IDRA-2 ou tpu t  fo r  the  example  in  F ig .2 :
resu l ts  o f  t im ing  ca lcu ' la t ions

(cr i t ical  movement search diagram added)

1086F
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AKCELIK _ SIGNALISED INTERSECTIONS

LtK, LOlRtE ANO Stt' iS - INTERSECTION 108 PARR^|'.ATTA ( C=140 ) ARRBIZ r 64/02/09.

OPERAT I ItG CTiARACTER I 5T I CS CYCLE TI IE  =  140

rcV. FLOf DEG. DISTANCE AVER. TOTAL AVER. TOTAL
ItO. SAN NAVELLED SPEEO OELAY OELAY STOPS

(VEH/H)  X  (VEIH$a/H '  (Kr { /H)  (VEH-H/H)  (SEC}  (VEH/H}

STOP
RATE

LONGEST QUEUE PERF. FUEL
L A N E  S I Z E  I M ) E X  R A T E
N0. ( YEHS) (t{) 011/Kil)

IEST APPROACH
1080  6 t8  1 .05?  109 .00  7 .95
r08ru 1t2 . r l t  216.00 50.41

il(nfi APPRO CH

l l . 8 l  1 9 7 . 0  t 0 8 6  1 . 7 6  2
J .50  29 .2  281 .67  |

21.7
|  ? . 1

14 .4

29 .0

2 t . o
50. t
t 0 . 5

l ' f8 6.7,  558.2
1 '  t 7 . t 2  157 .1

a7 47.61 725.1

171 |  00.61 291 .  I

r 2 6  ? 7 . 4 1  t 9 8 . J
I 81 47.0'l | 85 . I
l 8 J  41 .67  r66 .0

1082 584

EAST APPROAO{
r08i I

sorrTt{ APPRO O{

.9r8 ?92.OO t1-66

t . 0 t0  t t 48 .00  10 .5

|  5 .05  9? .8  668 |  .  |  / t  I

55 .71  r4 t . 7  l l l 0  t . 48  2

| 084
| 085
| 006

185 .922 | 92.t0 | 7.18
71t .922 512.n 2r.t2
965 .922 il8l.50 26.75

7.74 12,4 401 I  .05 |
' i l . t o  55 .6  904  t . z t  I
9 . 9 0  5 1 . 5  i l 2 )  t . l 7  2

SUIilRY STATISTICS:

TOTAL DTSTA}ICE AVER. TOTAL AVER. TOTAL STOP
FLOI IRAVELLED SPEED DELAY OELAY STOPS RAIE

(VEH/H) (VEIH(r/H) (KtvH) (VElHr/H) (SEC) (YEH/H)

PERF. FTJEL
IIOEX RATE TOTAL

(xL/Kll) (rL/H,

104.77 267.1 140157
47 .61  ?2 t . 1  65J16

t m . 6 1  2 9 1 . 1  t r 0 5 9 l
l f 8 . l 2  r 78 .E  16107?
!70.6J 226.5 5?ttt7

fEsr |PPRo^cll
x(nTtt pPRo^cll
EAST PPROACH
sorrH fPRo 0t
ALT GilIPS

f050 52t .00 I  r  .40 ,7.11 121.9 t57t
tu ?92.00 14.66 15.05 92.8 66E
696 4i18.00 . |0. ]6 5r .17 |  4J.7 |  510

m95 10.,6.10 22.62 28,62 49.6 24t0
t62t  2Ji l .50 l t l .87 1t6.95 9l . l  5801

.5. |

. 1 4

./to

. t 6

. 2 '

LAflE eRlTrre CISR CIERISIICS

rov. LArc
lo. ro.

FLOI' C}P. D€G. TOTAL AYER. TOTAL BACK OF
STN D€LAY D€LAY STOPS QU€I.E

(VEH/H) (V€lyH) X (VElHyHt (SEC) (VEH/H) (VEHS) (L)

1082 |
2

t)2 ' | I  .918
?5t2 '| I .91I

1.t2 92.8 5t1
1.r2 92.8 l t4

l 4 , t f

l 4  . 4
87
67

r00t | 112
2 1 ' {

150 r .0 r0
4 / t9  t .010

17 .72 |  ' f ' t  .5 658 28.4 I  7 l
tE.0a t t f . t  67? 29.0 111

t08f | 1t2 796 .t4l l.to 29.2 ?81 12.1 75

f08 r ,  ? ,  ?u
1080 |

f08o 2 5t0

1086 | 885

279 t .052 t6.08 200.8 ' r t  22.2 t t t

320 I  .0 lz 17.7t  195.6 ,72 21.1 r18

960 .9?tl 8.87 56. I 1027 24.5 | '16

t086,
| 085

2,
I

2,
I

la '  8{)6 .9?2 10.61 t l . , r  916 ,0 .5  r 8 l

21.0 t76I 06t,
|  0El

a65 .9?2 9.!t 72.1 /087

Fig. 3(c) -  SIDRA-2 output for the example in Fig. 2:
movement and lane operat ing character ist ics
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AKCELIK _ SIGNALISED INTERSECTIONS

LtX, L0nlE AIO Slr |S -  INTERSECTIOiI  l0S PARR r TfA (  C. la0 )  . . . . . .  t  ARRBIZ r 84102/09.

LAr TLffS AIO €FFECTIYE TIIIIICS CYTLE TlllE . 140

rcYg€{r xo. 1062

I
ttt

t l l l r
l l
I t l

I t l t l r f t  t l f l l r
ll
I

I
t t

t ta l t t l l l l l l l t l
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L U K ,  L t l f / R l E  A N D  S l l l s  -  I N T E R S E C T I I N  1 0 3  P A R R A M A T T A  (  C = 1 4 0  )

CYCTE T1 i ' lE  =  140
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t h e  n e w  m e t h o d  o f  c a l c u l a t i n g
c a p a c i t i e s  a n d  o p e r a t i n g
c h a r a c t e r i s t i c s  o n  a  I a n e - b y - l a n e
b a s i  s .  T h e  n e w  m e t h o d s  o f  S I D R A - 2  ,
i n c l u d i n g  t h e  l a n e  i n t e r a c t i o n  a n d
o p p o s e d  t u r n  m e t h o d s ,  w i  1  I  b e
d e s c r  i b e d  i n  m o r e  d e t a  i  I  i  n  t h e
t e c h n i c a l  d o c u m e n t a t i o n  o f  t h e
p r o g r a m .  T h e  d i . f f e r e n c e s  b e t w e e n
S I D R A - 2  m e t h o d s  a n d  t h e  t r a d i t i o n a l
m e t h o d s  o f  s i g n a l  d e s i g n  w i l l  b e
d  i s c u s s e d  i n  m o r e  d e t a i l  i n  o t h e r
p u b l i c a t i o n s .

REFERENCES

AKCELI  K ,  R .  (  197  9  )  .  TRANSYT, /6N  and
S IDRA:  two  compu te r  p rog rams  fo r
t r a f f i c  s i g n a l  d e s i g n .  A u s t .  R d  R e s .
9  ( 4  )  ,  p p .  3 0 - 3 2 .

( f 9 8 0 ) .  L a n e  u t i l i s a t i o n
and  sa tu ra t i on  f  l ows .  ! t a f f  rS  Eng .
C o n t r o i  2 I  ( I O )  ,  P P .  4 8 2 - 4 9 .  

-

( f 9 8 f ) .  T r a f f i c  s i g n a l s :
c a p a c i t y  a n d  t i m i n g  a n a l y s i s .
Aus t ra l  i an  Road  Resea rch  Boa rd .
R e s e a r c h  R e p o r t  A R R  N o .  1 2 3 .

ARRB PROCEEDINGS

*  ARRB!z  * 84/02/09.

DISPLAYED PHASE I  PHASE 2  PHASE J  PHASE 4
GREEN TIMES

0  1 1  7 6  ! 1 5  1 4 0
i - - - - - - - - - - - - - - - - - f  - - - - - - - - - - -  - -1  - - - - - - - - - - - - : : : : : : : : - - - - l  - - - - - - - - - : : : : : : : l
...OCCOEEOEEGEOGGG....,GGGGGGGGGGGGGGGGGGGGGGGG,...GGGGGGGGGGGGMGGGGGGG.....EEGGGGGGGGGG.- ' t - - - - - - -  

t i  8 0  1 ? o

E F F E C T I V E  G R E E N  T I M E S

M o v . 1 0 8 0  1
a

t

M O V .  1 O 8 l  1  I  I  1  I
G . . . . . . . . . : EGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG@GGC

t 8 2

M 0 v . 1 0 8 2  I  l
. . . . . M G G G G G G G G G G G G . .

7 t 4

M o v '  1 o 8 r  
: . . . . . . .  . . i . . . . .  . . . . . . . l . . . r e G G G G G G G c m c G G G G c G c d . . . . . ' . .

8 2  1 1 8

M 0 v . 1 0 8 4  1  1  1  I

M o v . 1 0 8 9

M o v . 1 0 8 6

t l 1 1
. . . . .GGGffiGGGGGGGGGGGGC€CSGGGGGGGGGGGGGGGGGGGGG.. . . .

1 7 9

1 1 1 1 ' l
GG. . . . . .  . .GGGGGC, t rGGGGGGGGGGCiGGGGGGGGGGG.. . , . .  . . . . . .oEGCiGGGCGGGGGG-t  

?8  19  122
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T  I  M  E  ( S )

F i o .  3 ( e )  -  S I D R A - 2  o u t p u t  f o r  t h e  e x a m p l e  i n  F i g .  2 :
phase t imes and ef fect ive t imes for  movements

m e s s a g e s  h a s  b e e n  i n c l u d e d  f o r  t h e
b e n e f i t  o f  t h e  u s e r ,  i n p u t  a n d  o u t p u t
f o r m a t s  a n d  s e v e r a l  a s p e c t s  o f  t h e
t r a f f i c  m o d e l  h a v e  b e e n  i m p r o v e d .
I m p o r t a n t  n o d e l  i m p r o v e m e n t s  h a v e  b e e n
d i s c u s s e d  i n  t h i s  p a p e r .

E x t e n s i v e  t e s t i n g  o f  S I D R A - 2
h a s  b e e n  c a r r i e d  o u t  u s i n g  o v e r  2 5 0
d a t a  s e t s  w h i c h  r a n g e  f r o m  s i m p l e
h y p o t h e t i c a l  c a s e s  t o  c o m p l  i c a t e d
r e a l - l i f e  p r o b l e m s ,  i . n c l u d i n g  t h e  t w o
w o r k s h o p  d a t a  s e t s .  A v e r a g e  e x e c u t i o n
t i m e  p e r  d a t a  s e t  f o r  t h e  c o m p l i c a t e d
c a s e s  i s  a b o u t  t h r e e  s e c o n d s  o f  c p u
t i m e  o n  A R R B  C Y B E R  8 1 5  c o m p u t e r .  T h e
p r o g r a m  i s  w r i t t e n  i n  s t a n d a r d  F O R T R A N
I V ,  a n d  c o n s  i  s t s  o f  a b o u t  4 0
s u b r o u t i n e s  v r i t h  a b o u t  9 0 0 0  e x e c u t a b l e
l i n e s .  A t  t h e  t i m e  o f  w r i t i n g  o f  t h i s
p a p e r ,  p u b l i c  r e l e a s e  o f  S I D R A - 2  w i i h
L h e  p u b l  i c a t i o n  o f  a  u s e r  g u i d e  w a s
p l a n n e d  f o r  A u g u s t  1 9 8 4 .  P r e p a r a t i o n
f o r t h e d e v e l o p m e n t  o f  a
m i c r o p r o c e s s o r  v e r s i o n  o f  t h e  p r o g r a m
w a s  a l s o  u n d e r w a y .

CONCLUS ION

2 5  .  T h  i  s  p a p e r  h a s  o u t l  i n e d  t h e
m a i n  f e a t u r e s  o f  S I D R A - 2  a n d  d e s c r i b e d

1 4 8
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