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Critical Issues of the Integrated Control ‘

| - How to choose
proper control
boundaries?

IV — How to design
diversion control
strategies in response
to time-varying traffic
conditions?

| -Incident nature, available corridor capacity

-Trade-off between freeway and arterial system
Il - How to model lll - How to capture

dynamic traffic flow the interaction




Critical Issues of the Integrated Control

-Interaction with Control Variables

and Estimatjon (constraints




Critical Issues of the Integrated Control ‘
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Critical Issues of the Integrated Control
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Findings of Literature Review

° Thedyy:w
- Lack of consideration on local bottlenecks during severe

Limited research has been done regarding determining
the control boundaries for integrated corridor control

Simplified network flow formulations

® Queue arrival and departure with respect to different types of
intersection lane channelization

e Intersection signal timing — oversimplified, multiple phases,
synchronization

Interactions between the freeway and arterial
e Flow exchanges at on-off ramps

ic impact of detoured traffic on existing demand patterns

LONGgESLION (€.9. tUrning ba DIIDACK and DIOCKAage

The multi-objective nature of the integrated control has

not been tully adaressed
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Part | - An Enhanced Arterial Signal Optimization
Model

Task 1
An Arterial Network Flow Model
to account for Local Bottlenecks
(Spillback and Lane Blockage)

Task 2
Traffic Signal Timing
Enhancement for Local
Bottleneck Management



Task 1: Arterial Network Flow Formulations

A link-based model
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Arrival flows = IE— Departure flows
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Link-based queue

Basic Concept

-Discrete Time Steps 0

-Dynamic State Equations



Task 1: Arterial Network Flow Formulations

A movem?sed model
Arrival flows _)
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Task 1: Arterial Network Flow Formulations

The proposed solution:
A lane-group-based model
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Task 1: Arterial Network Flow Formulations

Model Development

Approach
the End of
Queue

Demand Upstream
Origins Arrivals

Merge into Flow
Lane Groups Conservation
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Task 1: Arterial Network Flow Formulations
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For Internal Links




Task 1: Arterial Network Flow Formulations

Upstream Arrivals

For source Links
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Approach the End of Queue
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Task 1: Arterial Network Flow Formulations

Departure Process
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Task 1: Arterial Network Flow Formulations

Departure Process
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Task 1: Arterial Network Flow Formulations

Flow Conservation
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Task 1: Arterial Network Flow Formulations

Flow Conservation
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Task 1: Arterial Network Flow Formulations

Flow Conservation
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Capturing Local Bottlenecks

Further Enhancement
® to account for queue interaction



Capturing Local Bottlenecks

/) =

) Spillback Partial
Blockage
Complete
1 Blockage Spillback

Propose the concept of “Blocking
Matrix” to model the dynamic
interaction between various lane

LT ][] ~J



Capturing Local Bottlenecks
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) Spillback Partial
Blockage
—
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Capturing Local Bottlenecks

] x,.[k]> N, .complete blockage
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Capturing Local Bottlenecks
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Key Enhancement

Demand Origins

wlk] . s[k]
At O At

w, [k +1] = w.[k] + Af[d,[k] - q,[K]]

4,[K] = min[d,[k] +

Upstream Arrivals
qz?n[k] = Eja"(i) Q]z[k]
q;"[k]=q,[k] At
Enhanced Formulations

m'eS;" Am'=m

i [k]=mm{max{zv; x HI0b g [1 - S m”

Pk = ———
ni(li_ xj[k]

nipjam )

! T1=min{o, (K] v, L€, - AL, N, (6] -, k]

Merge into Lane Groups
q,k]= 2 g/ (k] 7,1k]-9,

Departure Process
0k =3 minfg!, [k + x/,[K1,0,, - g [K]f- X4 [k]

meS, I-M

N - 0" k]
O,[k] = max}0,min} 0} [k],m.sj[k]
ier(j) <

0,[k1= ¥ 0,[k15,

JEL™ (@)
Flow Conservation
x, [k +1]=x,,[k]+q, [k]- O,,[k]

x,[k+1] = Ex;'n[ku]

mesM

N[k +1]=N[kl+ » Q,lk]- EQ,-,-[k]

JEL(@) JELT (i)

s[k+1]=N, - N [k+]]




Capturing Local Bottlenecks

Key Enhancement
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Part | - An Enhanced Arterial Signal Optimization
Model

Task 1
Network Enhancement Approach
to account for Local Bottlenecks R
(Queue Interactions and

Blockages)

Task 2
Traffic Signal Timing
Enhancement for Local

Bottleneck Management




Task 2: An Enhanced Signal Optimization Model

Control Objectives

1. Minimize total travel time and
gueue time — under saturated
conditions

2. Maximize total throughput —
oversaturated conditions




Task 2: An Enhanced Signal Optimization Model

Task 2
Traffic Signal Timing

Enhancement for Local
Bottleneck Management

Experimental Design

1. A hypothetical arterial

2. Three traffic demand levels

3. Comparison with TRANSYT-7F
with the turning bay spillover
factor set




Task 2: An Enhanced Signal Optimization Model

The proposed model

Task 2

Traffic Signal Timing TRANSYT-7F
Enhancement for Local

Bottleneck Management
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Task 2: An Enhanced Signal Optimization Model

Task 2
Traffic Signal Timing
Enhancement for Local | ) 1 homr!
Bottleneck Management Scenexios MOEs —— 1.,1.'.:-..7 F S ——_
Iodel S (%)
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Simulation Results from CORSIMV
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The Arterial Model The Freeway Model

Interaction between
freeway and arterial

Overall Corridor Model
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The Arterial Model

The F Model
e e Freeway Mode

Interaction between
freeway and arterial

Overall Corridor Model



The Freeway Model ‘

METANET Model
(Messmer and Papageorgiou, 1990)

Link i-1 Link 1 Link i+1

The Freeway Model

: [)m[z] ‘-:m [t] : q!m [[] : q.{-l.ﬂ[t]

1 1
' Segmentm !

— Exit Flow
-==» Detour Flow

Basic Conce pt - 2 On-ramp u

-Discrete Time Steps Extension

-Dynamic State Equations Sections near the off-ramp and on-ramp
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-Sub-sections of freeway

mainline 40[t] = Gy i [11- 4,1

/ Diviolt] = ;v 11+ O, [1]




The Freeway Model

Sections near the off-ramp and on-
ramp
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The Freeway Model

Sections near the off-ramp and on-
ramp
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The Freeway Model ‘

METANET Model
(Messmer and Papageorgiou, 1990)
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The Freeway Model

Sections near the off-ramp and on-
ramp
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/ A. On-off Ramps

The Arterial Model The Freeway Model

Interaction between
freeway and arterial

Overall Corridor Model



The On-ramp Model

A. On-off Ramps (On-ramp)

Interaction between

Revised departure process

1(t+1)-1

freeway and arterial
x, [+ S g™ k]
AT

) pjam = Piolt]
J i+l,
s Q;l ’ R,L: H Q,u ’ l]'lll'l[l, pjam crit

0,[t] = min
: — P

Basic Concept Freeway

-Model ramps as simplified
arterial links with the lane-
group concept

-Modify departure process
for on-ramp

-Modify arrival process for

}(amp




The On-ramp Model

A. On-off Ramps (On-ramp)

[(t+1)-1

x [-t1+ > g, [k] jam
: RZ ,0, -min[l,

P - /01'+1.0[f]

it ]

1

O ,[t] = min S O,
/ AT /

) Jam _ f)




The Off-ramp Model

A. On-off Ramps (Off-ramp)

Interaction between Revised arrival process

‘ c A b o
q,[t]= nnn{pi—l,N(i—l)[t] : Vi—l,N(i—l)[t] "Nl NG-1) (r, +B, " Z,),

freeway and arterial

I(t+1)-1

Basic Concept

-Model ramps as simplified
arterial links with the lane-
group concept

-Modify departure process
for on-ramp

-Modify arrival process for

}(amp




The Off-ramp Model

A. On-off Ramps (Off-ramp)

g, [t] = min Picin-n ] Viavap ] Moy ygoy (70 + B, Z,)




The Impact of Detour Traffic ‘

B. The impact of detour traffic

Interaction between

- Detour Traffic

freeway and arterial — Arterial Traffic

Basic Concept

-Integrate the “sub-flow”
concept with the lane-
group-based arterial model



The Impact of Detour Traffic ‘

B. The impact of detour traffic

Interaction be Departure Process
freeway and a Model Extensions 0[] = Emm{qm[k] + x4 (41,0 - g K1} 24141
! 1417, 4] ‘

2(5,; I + (L=, Tk Dy ]

Upstream Arrivals &)

" | o, n,[k17,[k]
G N ) DR

JEL™ (i)

Approach the End of Queue @ [k]- A, k]
RSl ALk [k] x,[k] @ [k1- (A, [K]- A, [k])

n (z Flow Conservaﬂon

n, p”"
o TR D0 4+ 300~ 3aM
q; [k] mm J JELT ()
”[k]+ Q“ [k]- EQ” [k]

JEL™ (@)

Merge into Lane Groups S; U”l] N @0@
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The Overall Corridor Model

The Arterial Model The Freeway Model

On-off Ramps

The impact of detour traffic

Interaction between
freeway and arterial

Overall Corridor Model



Part Il — The Integrated Corridor Control Model

Artenal

Step 1
Base Model - Integrated Control R
of a Single Corridor Segment

On-ram) u]

Arterial

Step 2
Extended Model - Integrated

Control of a Multi-segment
Corridor




Part Il — The Integrated Corridor Control Model

Expected Output:

Step 1 1. Diversion rates at the off-ramp
Base Model - Integrated Control

of a Single Corridor Segment 2. Arterial signal timings: cycle length, offsets,

and splits

3. Incident upstream on-ramp metering rates

Artenal

A i
Offramp v~

n-ramp u

On-ram) u~

Artenal




Part Il — The Integrated Corridor Control Model

Key Formulations

Step 1

o) - [fm}

f2(9)

|:2q+10 AT"'Z qu k]}
E[EN [k]+N“ [ ]+N:(‘[k]]-At

s {C",A",G" R” ,Z!. ,NhEH)}

np >

Base Model - Integrated Control
of a Single Corridor Segment

Max. Total Corridor Throughput

Min. Total Spent Time by Detour Traffic

Operational Constraints

Cmin < Ch < O Rmin < Rh =< Rmm,hEH

G,‘,’;‘“ G,]]’l <C" ,VneS,,pEP hEH /3” Z” +}/ <Z7"™ heH -I— Network Flow Constraints

EG” o E[ =C"VnEeS,,pEP, ,hEH

PEL,

0<A' <C" , VneS, ,heH




Part Il = The Integrated Corridor Control Model ‘

Operational Constraints

c™ <c*"<c™ Cycle length constraint

G <G' <C" ,VneS,,peP,hcH Greentime constraint

np np

The sum of green times and clearance times
should be equal to cycle length.

np

;Gh * ;Inp = C”,VnESN,pER”hEH

0<A" <C" |, VneS, ,h€EH Offset constraint
R™ <R" <R™ . h€H Metering rate constraint

B..-Z). +y.. <Z"™,hEH Diversion rate constraint




Part Il — The Integrated Corridor Control Model

Artenal

Step 1
Base Model - Integrated Control R
of a Single Corridor Segment

On-ram) u]

Arterial

Step 2
Extended Model - Integrated

Control of a Multi-segment
Corridor




Part Il — The Integrated Corridor Control Model

Step 2
Extended Model - Integrated

Control of a Multi-segment
Corridor

Expected Output:

1. Control boundaries for
detour operations

2. Detour plans

3. Diversion rates at each
off-ramp

4. Arterial signal timings:
cycle length, offsets,
and splits

5. Incident upstream on-
ramp metering rates



Part Il — The Integrated Corridor Control Model

Formulations

Step 2 y (S)]

Extended Model - Integrated ! ®)= [ £(s)

Control of a Multi-segment
Corridor [Eq’“ AT+2ES : ]

2[2 EN“ [k]+ E EN“ [k]+ EN"[k] - At

Additional set of decision st s:{C", A” an,Rﬁ,Z”léj;,Iv’hEH}
variables for detour route choice
Enhanced Network Flow Constraints

qf"[ EJEF()Q (k] zﬂes 218‘() ]V[[k+1]= k]_ EQ milkly,k1+ 2(1 DO Tkl ; ]

/EF() JEL () "
ZAGE

NIKI+ Y o N/ TK] = x,[] N/Tk+11= N/ Tkl + B ALY T
p,lk] = — o A > O |kl 2(1 n, (kD[
ol — ikl si[k+1]=N,,—N,[k+1] Eﬂ;N [k +1] pElt

0 ‘ ) R Gat

qf”[k] = min{p,[k]-v[k]-n, - AL N [K]+ Y NIk x[k]}

2 q(m '}71:/'[k]+ E(I_Ui[k])'elﬂ }/U 5;}1
KES,,

JEL (D) o
N[k +1]

2(1 kDO, [kly }

51' 1— 2 6.” i
N“Tk +1] (L=, kDO K]y

nilk+1]= 0" [k +1]

O, [k]= 0, [k]- Al[k] T uEST
N[k +1]+ EES N/ Tk +1] Eﬂ; N Tk +1] “ E 1+ 2 (1-

O;[k]1=Q,[k]- A} Tkl.u€ES,




Part lll — Solution Algorithms for Integrated Control‘

Module Il: A successive optimization
framework for real-time application with
variable rolling time window

Module I: A compromised GA to
solve the proposed bi-objective
model (Gen and Cheng, 1998)

Difficulties

Projection Horizon (Lenghth of Stage)
) |
U

e
Implementation

C1| Cl‘ ‘ Stage 1

SR = /A (P) S P) = £ (P)

implementation

‘ Czl Cll ‘ Stage 2

wapiencatation

Stage 3

Paretb frontier




On-line Estimation of Diversion Compliance Rates

Link 1-1

— Exit Flow
-==» Detour Flow

Off-ramp v

—in —

/;)‘{1 =la, [/ q;. i) = 7’3]/23




Case Studies — The Base Model

Experiment Design
P & | ST

1-95 corridor northbound | 1. Off-peak hour (low traffic demand level) ¢
MD198 and MD216 | @i Il. Peak hour (high demand level) {/“95 |
(19) T o v.)/ ,

WA

6 arterial intersections

(g o | 1 lane blocked due to incident ants R
- )
Il. 2 lanes blocked due to incident ;4\)
35-min control period ' (g D |
Vi H ~ % ( ‘ NP\
Baltimore Ave.

| I \ // v'\\%’r\\ Legend
5-min normal operation - o * Detour Route
4 test scenarios Surface Node

20-min Incident period enario 1: Off-peak with 1 lane blocked " ™"

1
2
3
4. 2 traffic demand levels
5. 2 levels of incident effect
6

Demand Source/Sir

10-min incident recovery .40 2: Off-peak with 2 lanes blocked "%t Loceion

A
Scenario 3: Peak with 1 lane blocked e,

1 ‘
Spring Rrd I S

(33A] G

——

Scenario 4: Peak with 2 lanes blocked



Case Studies — The Base Model
Step- 1: Step- 2:
Evaluate the performance of the proposed

With a set of properly selected weights from
model with systematically varied weights to Step - 1, compare the model performance
provide operational guidelines for decision with other two strategies
makers in best weighting importance
between both control objectives under a
given scenario

Efficiency




Case Studies — The Base Model
Step- 1: Step- 2:
Evaluate the performance of the proposed

With a set of properly selected weights from
model with systematically varied weights to Step - 1, compare the model performance
provide operational guidelines for decision with other two strategies
makers in best weighting importance
between both control objectives under a
given scenario

Efficiency




Case Studies — The Base Model

Step- 1: Objective function values under different weight assignment (w1/w2)

Scenario 3: Pébbedkhn tla 2dsibhbaibidekieed

w
¢
o
o

—
(2]}
L
[
2
it
=}
Q.
K
(=)
=}
o
L
£
-
S
o
T
=
S
o
(&]

Detour Total Time (veh-min)

10/0 9/1 8/2 7/3 6/4 5/5 4/6 3/7 2/8 1/9 0/10
Weight Assignment (w1/w2)

vwelyglit Assiyliricerit (\wiiwg)

Meée1aps Ya1Auwe ug (M J\MS)

ARSI O V2t O DD 6110 (/B\N VEN3




Case Studies — The Base Model

Step- 1: Travel Time (Detour Route v.s. Freeway Mainline)

wl/w2=10/0 wl/w2=9/1 wl/w2=8/2 wl/w2=1/3

Time (min)

wl/w2=6/4

.4
.2

1
.8
.6
.4
.2

Time (min)

Time (min)

Time (min) . Time (min) . Time (min) Scenar.o 2
|




Case Studies — The Base Model

Step- 1: Travel Time (Detour Route v.s. Freeway Mainline)

wl/w2=8/ wl/w2=7/3

Time (min

wl/w2=3/7

Time (min) Time (min)

wl/w2=2/8

— . 0. - g
Time (min) Time (min) Time (min) Scenarlo 3



Case Studies — The Base Model

Step- 1: Travel Time (Detour Route v.s. Freeway Mainline)

wl/w2=10/0

wl/w2=7/3

Time (min)

Time (min)

Time (min) . Time (min) ' Time (min) Scenarlo 4






Case Studies — The Base Model
Step- 1: Step- 2:
Evaluate the performance of the proposed

With a set of properly selected weights from
model with systematically varied weights to Step - 1, compare the model performance
provide operational guidelines for decision with other two strategies
makers in best weighting importance
between both control objectives under a
given scenario

Efficiency




Case Studies — The Base Model

Step- 2: Comparison with other strategies

Plan A
No Control - base line

Plan
Local Responsive Control

1. Detour - Static User Equilibrium (UE)

2. On-ramp metering — ALINEA

3. Arterial signal timing - TRANSYT-7F

Plan C
The Proposed control model

4 test scenarios
Scenario 1: Off-peak with 1 lane blocked

Scenario 2: Off-peak with 2 lanes blocked
Scenario 3: Peak with 1 lane blocked
Scenario 4: Peak with 2 lanes blocked




Case Studies — The Base Model
MOE -1. Accumulated Total Travel Time Savings

reh-min)

(v

Scenario 1 Scenario 2
wl/w2=10/0 E wl/w2=10/0
Scenario 3 Scenario 4
wl/w2=6/4 w1/w2=5/5

15 20

Time (min) Time (min)

/ No Control Local Responsive Control The Proposed Model



Case Studies — The Base Model
MOE-2. Accumulated Total Corridor Throughput Increases

Scenariol B
w1/w2=10/0 il

Scenario 2
wl/w2=10/0

Scenario 3 s0 | s0 | Scenario 4
wl/w2=6/4 Erg = o} wl/w2=5/5

No Control Local Responsive Control The Proposed Model




Case Studies — The Extended Model

Experiment Design: A 12-mile hypothetical corridor with 12 exits and 36

arterial intersections

Legend

Freeway Traffic

x Incident Location

®

Arterial Intersection

Exit10

Freeway

Exit1l

Arterial




Case Studies — The Extended Model

Step- 1: Step- 2:

Investigate the control area variation with Compare the performance of the extended
respect to different weight assignment model with the base model under the same
settings, and its impact on the system MOEs incident scenario and the same control

objective




Case Studies — The Extended Model

Step- 1: Step- 2:

Investigate the control area variation with Compare the performance of the extended
respect to different weight assignment model with the base model under the same
settings, and its impact on the system MOEs incident scenario and the same control

objective




Step- 1: The variation of control boundaries

Case Studies — The Extended Model

iy




Case Studies — The Extended Model ‘

Step- 1: Determine the proper control boundaries
wl/w2=10/0 wl/w2=8/2

)

<

7

Total corridor throughput decreases only 3.2%
Total spent time by detour traffic decreases 19.8%



Case Studies — The Extended Model

Step- 1: Distribution of diversion flows
wl/w2=10/0 and 9/1 wl/w2=8/2,7/3, 6/4

[ Incident Upstream Off-ramps Incident Downstream On-ramps Incident Upstream Off-ramps Incident Downstream On-ramps

Owl/wl=8
Bwl/w2=7/3
Owl/w2=6/4

Owl/wl=10
Bwl/w2=9/1

Diversion Flows (vph)
Diversion Flows (vph)

Freeway Exits

LL66MIN EXIf2 [L66mIN FXT(2



Case Studies — The Extended Model

Step- 1: Step- 2:

Investigate the control area variation with Compare the performance of the extended
respect to different weight assignment model with the base model under the same
settings, and its impact on the system MOEs incident scenario and the same control

objective




Case Studies — The Extended Model

Step- 2: Comparison with the base model under the same incident
scenario and the same control objective

Improvement over
T Performance Indices Model 1 Model 2 ut
Model 1

" Total diversion rates ( )
: 37 +40.1%

(vph)
Total corridor throughput
(vehs)
Average detour link total queue time
(veh-min)

Average side street link total queue time

(veh-min)




Outline

® Critical issues in developing an integrated traffic control
system for non-recurrent congestion management

® Findings of Literature Review

® Primary Research Tasks and Modelling Framework

® Model Development




Summary of Contributions




Summary of Contributions

® Develop an enhanced arterial signal optimizatﬁn model N
to produce control strategies that can effecﬁvely
prevent the formation of local bottlenecks

.

Bowdesont RS

na Rd

(s

Scenarios

17946

Low-derand L1327 14104

Mediura-dermand T

High-de rand




Summary of Contributions

® Construct an overall corridor model that can capture

network flow evolution in a dynamic con}r environment

Detoured Traffic

gk + xtk) {(—7 | ik ~

Normal Traffic —»

Volume Surge for
Throught Movement

Link 1-1

ey 4 I
_:_’

— Exit Flow

-==» Detour Flow \v ~

Link i+1

4[] é Polt] v, [t]_;_:lm )

' !
¢ Segmentm |
.

Q,[1)-AT  Freeway
Q.lk= ~



Summary of Contributions ‘

e Formulate a set of mathematical models solved by an N
efficient algorithm for design of integrated corridor
control strategies in real time

] A Multi-objective  [J5ees
0 O Framework

Base Model ¢, Extended Model

GA-based Heuristic
+
A successive
optimization framework

Model1 Model2

lllllll

(veh.

Substantially improved operational Less negative impact on the local arterial and

performance with balanced traffic conditions better system performance compared with the
tween the freeway and detour routes base model



Future Research

® Development of efficient solution algorithms for large-
scale network-wide control

e Development of robust solution algorithms for the
proposed models when available control inputs are
~_missing or contain some errors
Development of an intelligent interface with advanced

survelllance systems




Thanks for your attention!
Q&C?




Computational Performance

The Base Model

/Th(Extended Model

Projection Stage

4-min

10-min

Update Interval

1 Wth

2 cycle length

Convergence

<3%

<10%




System Application

Intelligent On-line Traffic Management System

Click on the pink
circles to change
the signal timings

Please change the paramelers of each signal phase, then
click on the OK button to save




