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| Congestion at Off-ramp Interchanged Area
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Field Observations
(National Highway No. 1, Chupei, Taiwan)
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) Integrated Off-Ramp Controls
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] Literature Reviews

Pre-timed Signal Optimization Models

Real-time Signal Control Models

Integrated Control Models

Existing -
Studies
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] Literature Reviews

Pre-timed Signal Optimization Models

Signal optimization at
isolated intersections

Delay Minimization Model Mathematical Programming
Model

Matson et al. (1955), Webster Silcock, (1997,) Wong et al.,
(1958), Miller (1963), (2003), Lan (2004), Yang et al.,
Robertson, (1969), Allsop (2014)

(1971, 1972, 1975, 1981), Tully

(1976) and Burrow (1987),

Chang and Lin (2000)

. Department of Civil & Environme ring
S/ University of




] Literature Reviews

Pre-timed Signal Optimization Models

Signal optimization at
arterial level

Minimizing Total Traffic Delay Maximizing Progression Efficiency

TRANSYT (Robertson, 1969); Morgan and Litter (1964),
TRANSYT 7-F (Wallace et al., 1988); Litter (1966),
Simulation-based Little et al., (1981),

(Yun and Park ,2006, Stevanovic et al.,  Gartner et al. (1991),
2007); Chaudhary et al. (2002),
CTM-based Tian and Urbanik (2007),
(Lo, 1999; Lo et al., 2001; and Lo and Li(2014)

Chow 2004);

Others (Aboudolas et al., 2010; Zhang
and Yin 2010, L1, 2012, Liu and Chang,
@E Depart 201 1)




] Literature Reviews

Real-time Signal Control Models

Actuated Signal Control Adaptive Signal Control

System Introduction SCOOT

(Boillot et al. 1992; ITE, 1997) (Hunt et al. 1982; Ian et al., 1998; Dennis
et al., 1991; Bretherton et al., 2005)

Min green time selection SCATS

(Kell and Fullerton, 1998) (Luke, 1984, Gross, 2000, Gao, 2011)
OPAC

Max green time selection (Gartner et al., 1979; Gartner, 1983;

(Lin, 1985; Courage et al., 1989; Orcutt , Gartner et al., 1995; Gartner et al., 2001)
1993; Kell and Fullerton, 1998; Courage, ¥ RHODES
2003; Zhang and Wang, 2011) (Mirchandani et al., 1995, 2000, 2001,

2004)
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] Literature Reviews

Integrated Control Models

Integrated Corridor Control Off-ramp Control

Integration of multiple strategies such as:  Eliminating the lane changing maneuvers

» traffic diversion (Daganzo et al., 2002; Rudjanakanoknad,

" on-ramp metering 2012; Di et al., 2013)

= speed limit control

= signal timing controls Detouring the flows to other non-
congested areas

(Cremer and Schoof', 1989; Zhang and (Gunther et al., 2012; Spiliopoulou et al.,

Hobeika, 1997; Wu and Chang, 1999; 2013, 2014)

Chang et al., 1993; Papageorgiou, 1995;

Berg et al., 2001; Li, 2010; Haddad et al. , Optimizing signal timing at neighboring

2013) intersections

(Messer, 1998; Tian et al., 2002; L1 et al.,
2009; Lim et al., 2011; Yang et al., 2014)



| Findings of Literature

U Signal controls at arterial level (pre-timed & real-time):
may fall short of providing efficiency control at the off-ramp interchanged

area;

W Integrated corridor control:
may not be able to find the optimal solution for system control variables;

U Off-ramp control with restricting lane changing or detouring flows:
may not be applicable in practice;

U Off-ramp control with signal optimization at neighboring intersections:
more practical but many critical 1ssues remain to be solved!
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] Critical Research Issues

I — How to facilitate
traffic flows to reach
their destinations?

IIT — How to opt
the signal plan
prevent the off-ra
queue spillover?

ow to analyze
3 nd pattern at
arzed

>

cles’ arrivals
using real-time
control functions?
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] Critical Research Issues

II — How to analyze
the demand pattern at
the interchanged
area?

I — How to facilitate
traffic flows to reach
their destinations?
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prevent the off-ramp vehicles’ arrivals
queue spillover? using real-time
control functions?
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] Critical Research Issues

Identify traffic flows’ origins

II-1 and destinations
the demand pattern
the interchanged

. area? o

e
| 7T T T\

| ’ . 5)
V—H Identify Critical Path

the uncervainty or
vehicles’ arrivals

using real-time f-ramp
control functions?

I — How to facilitate
traffic flows to reach
their destinations?

IIT — How to optimize
the signal plans to
prevent the off-ramp
queue spillover?
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| Critical Research Issues

II — How to analyze
the demand pattern at
the interchanged

I — How to facilitate

\Q\

IIT — How to optimize V — How to deal with
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] Critical Research Issues
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] System Framework

o Historical Traffic Data

OD Estimation Model Signal Optimization Model

I
I
[
I
I
[
I
OD flow pattern ame Multi-path Progression Model :
I
I
[
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I
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Pre-timed Signal Plan

Real-time signal
Control
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] Model Development

o Historical Traffic Data

OD Estimation Model Signal Optimization Model

I
I
[
I
I
[
I
OD flow pattern ame Multi-path Progression Model :
I
I
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I
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Pre-timed Signal Plan

Real-time signal
Control
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] Origin-Destination Estimation

1In the literature, the main purpose of most O-D estimation
models is providing essential information for traffic
assignment or network simulation.

U However, designing of signal plan at the off-ramp interchanged
area have also raised the need of using O-D estimation for
identifying critical traffic paths.

Static

=
Estimation

» Underdetermined
system

Dynamic
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| Origin-Destination Estimation

Based on the dynamic O-D estimation technique, this study
proposed three models with different measurement inputs:

dModel I: only the link count data are available;
U Model II: turning volumes at cach intersection are available;

dModel III: both intersection turning flows and real-time queue
information are obtainable for model estimation.
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] O-D Estimation: Model 1

Only the link count data are available
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| O-D Estimation: Model 1
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| Estimation Algorithm

The dynamic O-D variables are assumed to follow the random
walk process between successive time intervals:

b,(k+1)=b,(k)+w_(k), 1<i,j<2N+2
p, (k+1)=p; (k) +w.(k), 1<i,j<2N +2

0, (k+1)=6;(k)+w5(k), 1<i<2N+2;1<I<N
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] Estimation Algorithm

v

Update the estimation with extended
Kalman filter

e X (h)=X(k-1); P (k)=P(k-1)+Q

o K(k)=P (k)H" (k)(H(k)P™ (k)H (k) + R)™"
* X(k) =X (k) + K(k) [2(k) - h(X™ (k)]
 P(k) =[I-K(k)H(K)]P (k)

\
W
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] O-D Estimation: Model 11

Turning volumes at each intersection are available

Lane-based Radar Sensor

Fisheye camera
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| O-D Estimation: Model 11

[1]
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Turning flows at intersection /
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Flow conservations and diversions
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] O-D Estimation: Model 111

Both intersection turning flows and real-time queue information are obtainable
for model estimation

Camera Sensors Radar Sensors
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) O-D Estimation: Model 111

(21-2) 2D
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8,4 (k) is the queue length at the end of red phase on lane group i;
o,,,(k)1s the queue length at the start of red phase on lane group i;
@, 1s the lane use factor for lane group i;

&/, 1s a ratio which represents the portion of flow 7, that will join downstream flow 775 -

r;1s a ratio which represents the portion of uncoordinated flows;
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) O-D Estimation: Model 111

Queue Length Estimation

For outbound direction:

211 7354
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Model Evaluation

@ O) O) ® O©)
q2¢ ‘I4¢ q6¢ 910¢
ulm(y1) Tyz uzt Ty4 u;’“’ uZ"t Tys u;mf Tylo q,
O5—A1|= =2 }= 3 —H 4= =5 = G
e Wil = ] u T O
TC]3 T% T% qul
® ® @ ® O
Arterial Topology of the Study Site
Model I . Modelll | Modellll |
MAE MAPE RMSE MAE MAPE RMSE| MAE MAPE RMSE
4.54 18.56% 5.48 4.10 16.31% 5.21 3.99 15.92% 4.99
flows
402  4239% 554 2.75 1827%  4.07 2.70 17.46%  3.92
o flows
1.885  42.02%  3.075 1473 3320%  2.512 1251  28.11%  1.979
flows
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Model Evaluation

@ ® © ® (1)
0 9 Aoy v
) 11 w7 3 up [P ur [P 2
Os—H|= 2= B—H= 5= =G
S W3 oAl ul ] )
4 as 9 a,
OD Pair Total OD Pair Total OD Pair Total OD Pair Total
Flows Flows Flows Flows
912 1390 9—12 1658 9—12 1372 912 1480
6—12 765 6—12 985 6—12 860 6—12 784
91 756 0—4 649 9—4 727 9—1 722
6—4 729 4—7 497 4—7 571 6—4 642
127 553 4—8 465 12—6 544 12—-7 540
12—1 472 91 427 9—1 531 12—1 452
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] Pre-timed Signal Design

o Historical Traffic Data

OD Estimation Model Signal Optimization Model

I
I
[
I
I
[
I
OD flow pattern ame Multi-path Progression Model :
I
I
[
I
I
[

Pre-timed Signal Plan

Real-time signal
Control
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] Pre-timed Signal Design

Objective:

|:> maximizing intersection capacity
Control Variables:

common cycle length, green split

Signal Optimization Model

Objective:
|:> maximizing progression efficiency
Control Variables:

offsets; Phase sequences

Multi-path Progression Model

. Department of Civil & Environme ring
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) Signal Timing Optimization

Objective function: Maximization of Intersection capacity

AL J 1L

Apply a multiplier u
to the demand pattern

I 1

The demand reach
the capacity of the
intersection

J1
11
J 1L
1T

1T

Given demand
pattern

Give arrival pattern, capacity is usefully measured by how large a multiplier ¢ can be applied
to the demand.

Then, the capacity of the intersection could be indicated by the multiplier .

REF :S.C.Wong et al.(2003)



) Signal Timing Optimization

M1 Macmize Z L |:> Maximization of intersection capacities

S.L.
MO G < Sk:iz Lrimi D —OXE Vik I:> Flow <= Link Capacity

Z ®,. =1 Vi I:> Sum of green = cycle length

Off-ramp queue constraint:
1-— D . 4+6xE)-qg. .-s _z- § . — pq :
( ;'B"’m’z e =)o Sos 5 (S0: = 00)¢ Queue < Link Length

1 1
——<&<—— [Z) Min & Max cycle length
Cvmax Cvmin
EXGrin <D, <EX G Vm,i |:> Min & Max green time
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] Pre-timed Signal Design

Objective:

|:> maximizing intersection capacity
Control Variables:

common cycle length, green split

Signal Optimization Model

Objective:
|:> maximizing progression efficiency
Control Variables:

offsets; Phase sequences

Multi-path Progression Model

. Department of Civil & Environme ring
S/ University of



Review of Two-way Progression

Inbound
—
Outbound
_—
Outbound Green Band
P /
outbound
wm S D
L7 1 -
inbound A
\
Inbound Green Band ”

Within the green band, vehicles can pass the intersections
without any stops.
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I What is Multi-Path Progression?
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! Critical Issues in Multi-Path Progression

 How to formulate the optimization model to accommodate
multiple traffic paths?

« How to concurrently optimize the phase sequences?

« How to effectively eliminate some paths so as to produce the
maximal progression benefit?
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] Model 1

. . * Hli:Bandwidth of an
* Control Objective: inbound path

* Ad7 :Bandwidth of an
— E outbound path
] 1

Max E(le +@ ) * @li, pli :weighting
I

factors

e Interference Constraints: * glik green time for an
inbound path 7 at
intersection k

Oswz‘,k

+
S
IA

Sik
= = * glik :green time for an
0 <|wixf+ Eik outbound path 7 at

intersection k

S
A

wdi k part of green time that is before the band for an inbound path 7 at intersection 4

wlik part of green time that is after the band for an outbound path 7 at intersection 4
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I Model 1

Fc <\\’ < A A )l,{'{ outboundl |

V4

IIIIIIIIIIII | Ed i i ) | |

O Pb; 8
V{
wi [ Inbound <t / Gl AL =0 yfp1

at - 1 7 7 ==
Ohera L] Wlk;lll Olik+2 —Olk+1
Fc L= / tl \’ «—
BV TARERTC S e B S A
\
wh A / / X = A

int |
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| Model II

* Model 2: To optimize the phase sequence 1n
the multi-path progression model.

* To facilitate the phase sequence optimization, a
set of binary variables are defined as follows:

{1, if phase / is before phase m within the same cycle of intersection £;
Ximk =

0, 0.W.

/& Department of Civil & Environmental Engineering
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Model 11

* To ensure the feasibility of the generated phase

SVILSi 7
'\/,VLFLf,‘
18 i
* g
‘,/\v)\\
AR

sequence, a set of constraints are defined as follows:

X =0 VLVk A phase is never before itself.

Xpi ¥ X0 =1 VIzmVk Either phase /1s before phase 772, or
phase 772 is before phase /.

Xr ZX 4%, —1 Vi=m=nVk If phase /1s before phase 7z and phase
m is before phase 7, phase /must be
before phase 7.

(optional)Phase /and m are in a sequential

Xk ¥ X e =L I2m=n
order

Xpmp =l 2m (optional)Phase /must be before phase 772

Department of Civil & Environmental Engineering
University of Maryland



| Model 11

 The interference constraints must be re-written as
follows:

A set of binary parameters are defined to represent the phasing design:

p, {1, if path i obtains green in phase / at intersection k;
ik =

0, 0.W.

O<w,, +b < Z/)’llk@k VieQ;Vieo,

O<wis +bi = 2 B4, ViEQVkED

“;/ Department of Civil & Environmental'Engineering
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follows:

Model 11

Similarly, the progression constraints are given as

For inbound directions:

0, +

?

7.

it Wikt T

For outbound directions:

0. -0 + Ez; + Wik +liki+l + ik =|7"i;k+

?

=0, HF o+ Wiker Tk

+ Wik+1 + i k+1

lik = Z ﬁi,m,k'xl,m,k /P M- ﬂi,m,k) VieQ+ ﬁ;VkEOI.;Vm

Fik < Z Bivi¥mii b +MA=5,.) ViEQ+QVkEo,;Vm

Vo +Fik + 2/31.’,,,c @, =1 ViEQ+Q;VkEo,

. Department of Civil & Environmental. Engineering

University of Maryland

wdi k :portion of green
time that is before the
band for an inbound path ¢/
at intersection 4

w i,k portion of green
time that is after the band

for an inbound path 7 at
intersection A

tlk travel time between
intersection 4 and 4+1

t lk+1 :travel time

between intersection A+1
and £



I Model II1

* Progression competition between different critical paths

» In practice, the identified critical paths may compete for the
progression band.

» Thus, it might be infeasible or ineffective to find a
synchronization plan which can offer reasonable bandwidths
for all the critical paths.

» Hence, it is essential to eliminate some infeasible paths when
designing signal progression.

/ ~ Department of Civil & Environmental Engineering
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| Model 111

To deal with the progression conflicts between critical paths, another set of
constraints are introduced as follows to the model:

{ 1 if path 1 obtains signal progression with non-zero green band
Vi =
0 ow.

b, =y,

1

S
IA
=

For inbound directions:

6+rk+wék+{;zk+n_k—%r T i T Woa T 0 -M((1-y,)
sl +7Vik + Wik + zk+ﬁzk— Pikel + Wikel + Hiksl

O +T A Wi+ 0 SO+ 0+ W + 0, + M1+ )

It 1s similar for outbound directions.
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Model Summary

Max E (pb,)+ E (@,b))

S.t

O<w,+b =g,k VieQVkeor,
0<wii+bi = §,.,k ViEQ,VkED,

(1-0) b= (l—k)k; b,

icQ

X, =0 VLVEk
Xpie ¥ Xpie =1 VI=mVk
1 Vi=m=nVk

=1 [=m=n

Xinge B X mp TX

m,n,k

xl’n,k +X

n,m,k

Xppp =1 I=m

g =B, ViIEQVEEQ,

g, =B, VIEQVKEQ,

O<w, +b = 2 B9, ViEQVkeo,

0=<wis +b; = 2 B4, VIEQVEEQ,

r, s 2 BimiXim b +M1A=B..) ViEQ+QVkET;Vm

Fik < 2 B, b +M(1A=p.,.) VIiEQ+QVkET;Vm

ik +;i,k + zﬂi,z,k ‘¢k,n =1 VieQ +§,Vk€0'l

b=y

bi =<y,

O +T AWy b+ Z O 1+ W T+, - M (- y,) ViEQVEED,
O+ 7 AWy Al 0y SO+ T AW + T+ 0, + M-y VIEQVEEQ,
-0, + Fik + Wik —Tik +te + g = -0, + Fiket + Wiks + igsr = M (1- ;i) Vi Eﬁ;VkEai

=0, +Tik + Wik —Tis +ti +Nik <=0, +Figs + Wikn +hin +M(1-y,) VieEQ;VkEo,
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] Numerical Test

Three models are compared:

O Model 1: TRANSYT-7F optimization Model;
1 Model 2: Proposed signal optimization model with MAXBAND for progression design;

O Model 3: Proposed model;

E-

Model-1 1 160 69 152
2 160 41 32 60 27 0
3 160 75 35 50 / 115
4 160 92 37 31 / 76
1 155 108 47 / / 55
2 155 39 27 63 26 85
3 155 48 50 57 / 40
4 155 95 32 28 / 0
Model-3 1 155 108 47 / / 35
2 155 39 27 63 26 47
3 155 48 50 57 / 0
4 155 95 32 28 / 138

0 Department of Civil & Environme ering
University o



] Numerical Test

O To evaluate the signal plans produced by different models, a simulation
network is developed with VISSIM.

O Also, the VISSIM network has been well-calibrated with field data.

Percentage difference between simulated and field volume data

No. WB NB EB SB

1% 0.6% 2% N/A
2 0.9% N/A 2% 0.2%
2% 3% 0.6% 1%

Netowork performance under the control of different models

Model 1 TRANSYT Model 2 Model 3
7-F MAXBAND Proposed

Avera se Dela 54.3 secs 55.4 secs 47.6 secs

Average # of Stops 0.972 1.047 0.884
34.7 km/h 31.3 km/h 40.5 km/h

0 Department of Civil & Environme ring
University o



) Numerical Test

The time-dependent travel time on freeway mainline

120 i { {
. «=es== Model-1

110 — : - = ===~ Model-2 H
H -“ —— Model-3

100 iy s

Travel Time (sec)

Tinfe (sec)

‘i~ Department of Civil & Environmental Engineering
|15 %,

. University of Maryland
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| Real-Time Signal Control

o Historical Traffic Data

OD Estimation Model Signal Optimization Model

Traffic Detectors OD flow pattern

Real-time signal
Control

95



Real-Time Signal Control

R Off-ramp Queue
Estiation
Traffic Detection Potential
System F
reeway

Breakdown?

No | Yes

Arterial Adaptive Dynamic Off-ramp
Signal Control Priority Control




Off-ramp Queue Estimation Model

Location of dual-zone detectors on the target off-ramp

Upstream
Detector ﬁ

O Short Detection Zone
1 Long Detection Zone

Short Detection Zone: collect traffic flow information;
Long Detection Zone: identify the presence of queue



Off-ramp Queue Estimation Model

This study proposed two models 1n response to different
congestion levels at the off-ramp:

dModel I: off-ramp queue can be cleared during the green phase;

U Model II: off-ramp queue cannot be cleared during the green
phase.



Model 1

Queue is fully
discharged
0 & Qoff c
>
Time
£ equals the number of vehicles passed the upstream

At time &: S(e, k) = E

l‘=€—tqﬂ

9., (t:K)  detector during time period [& — ¢, €]

. LA L lus # of arrivals and minus # of
Attime gu:  8(g,.K) = (e.k)+ ', (.K) =~ g, (.K) gepa e

c(®)

Attime ¢t §(c k)= 8(g,;.k)+ E 4,(t,k)  plus # of arrivals

1=8of



Model 11

Two additional scenarios might be encountered:

Scenario 1: residual queue cannot reach the downstream
detector;

U Scenario 2: residual queue can reach the downstream detector;

Upstream
Detector ﬁ

O Short Detection Zone
3 Long Detection Zone



Scenario 1

Queue reach the
downstream detector

SN, S—

0 Qoff n C

>

Time

At time c: )

o(c,k) = G, (1,K)

t=77—t0ﬁr

equals the number of vehicles passed the upstream
detector during time period [1 — 1, c]



Scenario 2

If the residual queues have exceeded the downstream detector, the queue length at
the end of a cycle can be approximated with :

c(k) c(k)

T, (c.k) =7, (c,k-1)+ 2 q,,(t,k) - 2 q,.. (t,k)

Last cycle Total Total
queue Arrivals Departures
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Estiation
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I Arterial Adaptive Signal Control

Objective
Maximization of
Progression Efficiency

Objective
Minimization of
intersection Delays

Solution Algorithm Solution Algorithm
Gradient Search Dynamic Programming

&~ Department of Civil & Environme ering
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TS University of. vl



s.t.

Intersection Signal Timing Adjustment

M1: Min d(k) |:> Minimization of intersection total delay

N; .
d.(k) =ZZ 7, (t.H)AL |:> Total delay estimation with queue
j=1 t=1

,LL‘.fj(t_.k)=%q‘,.:j(k) Vj.t |:> Arrival rate calculation

S /ALY green
r‘;:j‘(t.‘k) ={ 1.j f g

Vit . .
0 i red J: |:> Departure rate estimation

r;;(0:k) =7, ;(e.k =1) Vj

£ (6.K) = Max[r, (¢~ LK)+ 1, (k) =, (2.0, 0] Vot :> Queue Estimation

‘\:5
> (g, (k) +1, (k)= c(k) |:> Common cycle length constraint
p=l

<8 ,(k)< & p.ome I:> Min & Max green time constraint

g ,(k-1)-Ag <g (k)<g, (k-1)+Ag, |:> Max green time adjustment constraint



Solution Algorithm

Gradient Search Algorithm:

Step 1: Initialization. Let p = 1 and get the green time of each phase at the previous

applied;
signal cycle; green time)

Step 2: For phase p. change the green time by a seconds (could be negative or )
P P P ° © Y ( ° ~green time of

positive) by solving the following sub-problem:
he green time

a =arg min{d,(k); me N ,. m= p}
st. g ,(k)=g ,(k-D+a

gi,m (k) = gi,m (k o 1) -

—-Ag. <a <Ag,

gi:p,min < gzp(k) < girp,max

gz':m,min < gi:m (k) < gi:m,max

rom Step 0;

" improvement

Step 3: Letp =p + 1. If p > |Npd, stop; otherwise go back to Step 2.



Adaptive Signal Progression Control

A Distance
ti+l,l,l (k) ti+1,l,2 (k) Intersection i+/
F
—
0., (k) b, (k)
‘ Intersection i
Hl(k) ol |
t,,1 (k) tis2 (k)
|
Time

Green band of an outbound path
between two intersections

A Distance
t. k t. k
”1’1’1( ) ’+1’Z’2( ) Intersection i+/
[ | A
L v \
6. (k ' - '
i+1( ) \\4_ _tlll_(li)_ »\\
\ \
— \ \ Intersection i
ﬁl(k) A | |
e ()
— |
Time

Green band of an inbound path
between two intersections



s.t.

Adaptive Signal Progression Control

M2: Max D> ¢ k)b, K)+D. D ¢,Kbi k) I:> Maximization of total green bandwidths
i 1 i ]

byy (k) = Max{Min(t .,y ;1 (k). t; ;o () +t;,,y (k) — Max(t, ; (k) + t; 1y ().t 5 (K)), 0]

|:> Estimation of green bandwidth for an outbound path

b pjk)= AI(L‘([M&'}?(tl.:j’2 (k), tit 2 &)+t &) - A«Ia:c(t!.:j:l (k), t i1 &)+t k), 0]
|:> Estimation of green bandwidth for an inbound path

t®=>>2¢,,92,,8,8+6k |:> Identification of start of green for path i
q9 P

2 =>>"¢,,0,,8,0+> ¢, ,0,,8 K +6,K) |:> Identification of end of green for
9 2 P /
path i

0,k-1)—-Af <,(k)<6,(k-1)+A¢, |:> Max allowed offset adjustment constraint



Solution Algorithm

Dynamic Programming;:
Let fi(.) denote the accumulated performance measure, the algorithm consists

of the following steps:
Step 1:seti=1, 8:(k) =0, and f£i(0) =0
©,k) ={6,(k-1)-A8, 6,k-1)—A6, +1,---,6,(k—1)+ A6}
Step 2:i=1i+1;
16, (k) = min {116, (k) + B, (6,(k)) |6, € ©,(K)}
Record 9:( k) as the optimal solution in Step 2.

Step 3: if i <N;, go to Step 2.

Else, Stop.



Solution Algorithm

Dynamic Programming;:

Intersection .\ '\.
1

Intersection - Intersection Intersection
2 | n
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Dynamic Off-ramp Priority Control

Objective
Maximization of
Coordination Efficiency

Objective
Minimization of
intersection Delays

Solution Algorithm Solution Algorithm
gradient search Dynamic programming
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Intersection Signal Timing Adjustment
with Off-ramp Priority

Step 1: computation of the minimum green extension to off-ramp flows

k+1
Loy =Ty (e, =1+ Max[soﬁpgoﬁ, (k) - 9of (k), E (Soﬁfgoﬁ (m) - Dot (m))]
m=k

eh (k) =
SOﬂ

The minimal green extension will ensure the prevention of queue spillover
until the end of the following signal cycle.



Intersection Signal Timing Adjustment
with Off-ramp Priority

Step 2: adaptive signal control with off-ramp priority

M3: Min d(k)
s.1.

d.(k)= ZZ 7, (t. k)AL

J=1 =1

s. At If green
(k)= [ - f ° V).t
o i red
T .(O.k): 7. .(c_k—l) v

ru(zk)_lfax{r (- 1A)+yu(tk) T (tA) 0] V.t
N,

3 (g, ) +1 (k) =c(k)

p=l

gi:p:min < gx;.?(k)S gi .p.max

g, (k-D)-Ag < g (H<g (k-1)+Ag,

g7 ()-gz(k—-1)zez"(k) | Green extension constraint




Adaptive Signal Progression Control with
Off-ramp Priority
M4: Max Z > 4k, (k) + Z > 6,(k)bis (k)

s.1.

b, (k) = Max{Min(t,., , ,(K),t, (&) +1, ., (k) - Max(t, ; ,()+t,,.,®),t, (k). 0]

I

b; j(k) = Max{M; in(ti:j:: k).t A2 (k) +t, L (k) - ;’\Icr_vc(ti:j:l(k),ti:j:1 (k) +t, L (k)). 0]

t (k)= Z Z i1 0948 &) +6,(K)
g P

tf:U (k)= Z Z ;U:pg)p:qgi:p(k) +Z ;f:J':p"pp:qgnp (k) + 6: (k)
g p P

]; by (k) > B3 Min bandwidth constraint
) for off-ramp path-flows

> biu(k)> B

1T,




Numerical Test
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Numerical Test

Queue Estimation Accuracy

Comparison of estimated and actual queue length at the off-ramp

45 [ l [
B A /N Estimated Queue
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Numerical Test

Activation of off-ramp priority control function

Green extension time granted to the off-ramp flows

N
o

N 2 o ®
T T ]
|
|
|

Green Extension (sec)
o
I

o0 N A O o
I
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30 17:00 17:30 18:00
Time of Day



| Numerical Test

System Evaluation

The following three systems are tested for comparison:

O Pre-timed Control System: using the proposed pre-timed models to generate the signal
plans;

O Adaptive Control System: only the proposed adaptive signal control model and dynamic
signal progression model are implemented;

O Proposed System: including the off-ramp queue estimation, arterial signal adaptive control,
and off-ramp priority control.



Numerical Test

The time-dependent travel time along the freeway mainline
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Ave Network delay (s)

Numerical Test

Network Performance

Performance Index | Pre-timed System | Adaptive System Proposed System
Ave number of stops
Ave speed (km/h)

2.391

36.116

89.065

1.711 (-28.4%)
38.633 (+7.0%)

73.77 (-13.7%)

1.621 (-32.2%)

39.25 (+8.7%)

L 68-200-(—19-6%)—



I Outline

* Research Background & Literature Review

* Primary Tasks & Modeling Framework

e Conclusions and Future Research Directions

‘ e System Framework & Model Formulations
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i Conclusions

Summary of Contributions:

O Developed an effective operational framework for the integrated traffic
control at the off-ramp interchanged area;

O Constructed a new O-D estimation model with real-time queue
information;

O Formulated a signal optimization model to prevent the off-ramp queue
spillover;

1 Proposed a multi-path progression model to facilitate traffic flows to reach
their destinations;

O Advanced all key control models for real-time operations, in response to
traffic fluctuations in practice.

- / “ Department of Civil & Environmental Engineering
S University of Maryland



i Conclusions

Future Research Directions:

O Development of an optimal traffic control model to concurrently account
for the delay of traffic flows on the freeway and local arterial;

O Integration of both on-ramp and off-ramp control strategies (ramp
metering, variable speed limit, off-ramp priority, local signal adaptive
control) for a large-scale corridor traffic management;

O Enhancement of the current real-time signal control system with advanced
information/communication technologies (e.g., connected vehicles).

“;/’ “ Department of Civil & Environmental Engineering
S University of Maryland
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