
	  
•  Geometry	  informa-on	  from	  Liufang	  Ave.	  North	  in	  Beijing	  
•  Green	  phase	  (s):	  99,77,66,75,60	  
•  Dwell	  -me	  distribu-on:	  N	  (30,9),	  N	  (27,7),	  N	  (24,6)	  
•  Maximal	  bandwidth:	  50s	  
•  Models	  to	  be	  evaluated	  
•  Model-‐1:	  MAXBAND	  
•  Model-‐2:	  an	  extension	  of	  MAXBAND	  with	  avg.	  dwell	  -me	  
•  Model-‐3:	  the	  proposed	  model	  
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Abstract 

Ø Conven-onal	   Transit	   Signal	   Priority	   (TSP)	  
controls	  oVen	  reach	  a	  limita-on	  for	  arterials	  
accommoda-ng	   heavy	   bus	   flows	   since	   the	  
priority	   func-on	   can	   significantly	   increase	  
delay	  at	  minor	  streets.	  

Ø To	  improve	  reliability	  of	  bus	  opera-ons	  and	  
increase	   the	   bus	   ridership,	   a	   bus-‐based	  
progression	   model	   that	   considers	   the	  
opera-onal	   characteris-cs	   of	   transit	  
vehicles	  is	  developed.	  

Ø The	   VISSIM	   simula-on	   with	   an	   arterial	  
consis-ng	   of	   five	   intersec-ons	   and	   three	  
two-‐way	  bus	   stops	   demonstrates	   that	   the	  
proposed	   model	   can	   significantly	   reduce	  
bus	   passenger	   delay	   and	   the	   per	   person	  
delays	  for	  the	  en-re	  arterial.	  

Research Background 

TSP	  and	  passive	  control	  strategies	  
•  TSP	  has	  been	  recognized	  as	  a	  promising	  method	  to	  
reduce	  bus	  travel	  -me.	  It	  responds	  to	  the	  presence	  
of	  buses	  and	  is	  proven	  to	  be	  effec-ve	  under	  low	  bus	  
demand	  condi-ons.	  
•  However,	  at	  arterials	  with	  heavy	  bus	  volumes,	  TSP	  
may	   reach	   its	   limit	   since	   1)	   most	   TSP	   focuses	   on	  
isolated	   intersec-ons,	   and	   2)	   the	   effec-veness	   of	  
TSP	  will	  be	  diminished	  by	  the	  increasing	  number	  of	  
priority	  calls.	  
•  Passive	  control	  strategies	  may	  serve	  as	  a	  poten-ally	  
effec-ve	   way	   to	   deal	   with	   arterials	   with	   heavy	  
transit	   flows.	   But	   most	   studies	   also	   focus	   on	  
isolated	  intersec-ons.	  

Research	  Objec@ve	  
•  An	  efficient	  transit	  progression	  model	  is	  developed,	  
which	  fully	  considers	  the	  bus	  opera-onal	  features.	  

	  

	  

	  

	  

	  

	  

	  

	  

Ø  The	   proposed	   model	   (Model-‐3)	  
can	  outperform	  	  Model-‐2	  in	  terms	  
of	  reducing	  the	  average	  bus	  delay	  
(15.25%)	   and	   average	   person	  
delay	  (14.00%).	  	  

Ø  Further	   sensi-vity	   analysis	   indicates	  
that	  the	  model	  is	  quite	  robust	  when	  
two	   control	   parameters	   vary	   within	  
a	  range.	  

Ø  Exploring	  a	  becer	  method	  to	  analyze	  
the	   stochas-c	   nature	   of	   dwell	   -me	  
may	  be	  a	  future	  research	  direc-on.	  

	  
	  

Problem Nature 

Different	  from	  the	  design	  of	  progression	  for	  
passenger	  cars,	  a	  transit	  vehicle	  may	  need	  to	  
dwell	  at	  a	  bus	  stop	  for	  a	  short	  -me	  when	  
travelling	  between	  intersec-ons.	  A	  green	  band	  
designed	  for	  transit	  vehicles	  shall	  fully	  reflect	  the	  
impact	  of	  bus	  dwell	  -me.	  	  
 

	  

Model Formulation 

To	   overcome	   these	   cri-cal	   issues	   listed	   above,	   this	  
study	  introduces	  a	  variable-‐band	  progression	  model	  
that	  takes	  each	  bus	  stop	  as	  a	  control	  point.	  	  

Control	  Objec@ve	  
	  

Constraints	  
•  Interference	   constraints	   and	   progression	  
constraints	  

•  Bandwidth	  constraints	  

	  
This	  group	  of	  constraints	  is	  introduced	  to	  make	  sure	  
that	   the	  bandwidths	   at	   the	  upstream	   intersec-ons	  
of	   bus	   stops	   will	   be	   less	   than	   a	   predetermined	  
upper	  bound.	  
	  

	  

Case Study and Conclusions 

Variable	  green	  bands	  using	  bus	  stops	  as	  control	  point 

Notably,	  bus	  dwell	  -me	  is	  dependent	  on	  the	  
varying	  level	  of	  passenger	  demand	  at	  bus	  stops.	  
As	  shown	  in	  most	  field	  data,	  bus	  dwell	  -me	  is	  
not	  a	  constant,	  but	  is	  stochas-c	  in	  nature.	  
Hence,	  failing	  to	  fully	  account	  for	  such	  
uncertainty,	  a	  transit	  vehicle	  may	  not	  stay	  within	  
the	  preset	  green	  band	  aVer	  depar-ng	  from	  bus	  
stops.	  	  
 

	  

For	  both	  opera-onal	  and	  safety	  concerns,	  
another	  cri-cal	  issue	  to	  be	  addressed	  in	  design	  
of	  bus	  progression	  system	  is	  the	  storage	  capacity	  
at	  bus	  stops.	  When	  the	  number	  of	  arriving	  buses	  
within	  a	  short	  -me	  period	  exceeds	  the	  storage	  
capacity	  of	  a	  bus	  stop,	  the	  queuing	  buses	  may	  
spillback	  to	  the	  nearby	  intersec-on	  and	  thus	  
block	  the	  traffic	  flows	  at	  that	  intersec-on.	  
Hence,	  to	  prevent	  the	  occurrence	  of	  such	  queue	  
spillback,	  one	  shall	  pre-‐determine	  an	  upper	  
bound	  for	  bus	  bandwidth	  so	  as	  to	  limit	  the	  
number	  of	  buses	  concurrently	  arriving	  at	  the	  
same	  stops.	  
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Bus	  dwell	  -me	  at	  stop-‐3	  &	  4	  of	  Jiefang	  Rd,	  Jinan	  China	  
collected	  between	  11/01/2012	  and	  11/07/2012	  
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The	  proposed	  model	  is	  formulated	  with	  a	  Mixed-‐Integer-‐
Linear	  Programming	  method	  to	  op-mize	  the	  offsets.	   

  iii i
i i

Max b bϕ ϕ+∑ ∑

0.5 0   0.5   i i i i iw b w b g i− ≥ + ≤ ∀

0.5 0   0.5   i i i i iw b w b g i− ≥ + ≤ ∀

1 1 1         'i i i i i i iw t w n C i Iθ τ θ + + ++ + + = + + ∀ ∈

1 1 1 1         'i i i i i i i i ir w t r w n C i Iθ τ θ + + + +− + + + + = − + + + ∀ ∈

1 1 1        'i i i i i iw t w n C i I Iθ θ + + ++ + = + + ∀ ∈ −

1 1 1 1           'i i i i i i i ir w t r w n C i I Iθ θ + + + +− + + + = − + + + ∀ ∈ −

max0.5         'i i iw b M x i I− × ≤ × ∀ ∈
max0.5 (1 )           'i i i iw b g M x i I+ × ≥ − × − ∀ ∈

max
1 10.5             'i i iw b M x i I+ +− × ≤ × ∀ ∈

max
1 1 10.5 (1 )          'i i i iw b g M x i I+ + ++ × ≥ − × − ∀ ∈

The	  first	   two	  are	  for	  the	  outbound	  direc-on,	  where	  
xi	  is	  a	  binary	  variable.	  No	  macer	  what	  xi	  equals,	  only	  
one	   of	   them	   is	   effec-ve,	   ensuring	   that	   half	   of	   the	  
bandwidth	  will	  be	  less	  than	  half	  of	   its	  upper	  bound.	  
Different	   values	   of	   xi	   indicate	   whether	   the	   band	   is	  
close	  to	  the	  start	  or	  the	  end	  of	  the	  green	  phase.	  

•  Constraints	   accoun-ng	   for	   bus	   dwell	   -me	  
uncertainty	  
To	  keep	  vehicles	  (within	  band	  αbi)	  entering	  from	  the	  
upstream	  green	  band	  to	  stay	  within	  the	  downstream	  
green	   band	   bi+1,	   the	   following	   constraints	   shall	   be	  
sa-sfied:	  
	  
	  
	  
	  
where,	   μ	   denotes	   the	   mean	   bus	   dwell	   -me	   and	   ε	  
denotes	   its	   uncertainty;	   α	   is	   a	   conserva-ve	  
parameter	  which	  represents	   the	  por-on	  of	  effec-ve	  
bandwidth	  for	  the	  upstream	  bus	  band.	  By	  integra-ng	  
them	  and	  defining	  βσ=|2ε|,	  one	  can	  get:	  	  
	  
	  
where,	  β	   is	  a	  control	  parameter	  which	   indicates	   the	  
preferred	  confidence	  level.	  
	  

( ) 1
1 1
2 2i ib bµ ε α µ ++ > + −

( ) 1
1 1
2 2i ib bµ ε α µ ++ < + +

( ) 1
1 1
2 2i i ib b bα µ ε α µ ++ + > + −

( ) 1
1 1
2 2i i ib b bα µ ε α µ ++ + < + +

1 +       'i i ib b i Iα β σ+ ≥ ⋅ ⋅ ∀ ∈ 1+       'i i ib b i Iα β σ+≥ ⋅ ⋅ ∀ ∈
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