
Jt I

EVALUATION OF DYNAMIC TRAFFIC MANAGEMENT
STRATEGIES FOR URBAN FREEWAY CORRIDOR

HunKIM
Research Fellow
Korea Transoort Institute
Tel: +sz031l910-3197
Fax: +82-31-910-3224
E-mail : khun@koti.re.kr

Seune Pil Kane
Profe-ssor
Departrnent of Urban Engineering
Se6ul National Universit!, Korea-
Tel: +82-02-882-2144
Fax: +82-2-889-0032
E-mail: spkang@snuac.kr

Yong Seok KWON
Professor
Department of Urban Engineering
Jeonju University, Korea
Tel: +sz-063-220-2292
Fax; +82-63-220-2750
E-mail ; jisankys@eonju.ac.kr

Tchang Ho I(IM
Prote-ssor
Department of Urban and Regional Planning
Illinois University, UsA
Te|. +l-217-244-5369
Faxi +l-217-244-1717
E-mail: t-kim7@uiuc.edu

Abstract: In this Daoer. we evaluate the dynamic traffrc rnanasement suatesies for urban
freeway corridor. So'as-to evaluating the management strategiel, we proposE the dynamic
naffic management modei consist of tw'o main components: Dynamic traffic assignment
model and dVnamic traffic control model. We desisn aild evaluate'three experimentalTactors
about traffic'management strategy and evaluate in a pilot freeway corridor. Two of these
factors pertain to control: (1) signal control strategy, and (2) ramp control strategy. The third
exnerimental factor consists of the provision of en route traffic information through VMS.
Urider the various conidor traffic cbnditions, the results show that there exists a-potential
imnrovement in network traffic oerformance. especially sienificant reduction in network
traiel time under the non-recurrenfcongestion iesulting fr6m freeway capacity decreasing.
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T.INTRODUCTION

Urban freeway corridor is defined as a longitudinal network consisting of at least one freewav
plus one or more viable. and essetrtially parallel altemative routes, such as arterial roads.
Overloading of traffic demand on freeway, especially around the ramp, and lack of
coordinated operating systems haye caused congestion, flow breakdown and reduction
capacity in corridor. The growing these problems have increased both the scope and scale of
traffrc management tasks, while simultaneously constraining the range of altefirative solutions
that are available to alleviate such problems.

Usually, traftic control techniques have had the aim of coping with increasing traffic demand
trying to maximize the capacity of the network by means of the contol over the time. But the
advances in traffic control, control techniques alone are no1 enough to solve the problem. The
pattem of naffic in urban network is the result of interaction between people's wish to travel
in the area and the available road systern, including the regulation governing any control
system that is in operation. These interaction lead to imbalances in the use of available
network capacity due to stochastic variations in traffic demand, incidents and so on and,
meanrvhile. routes not overcrowded are not used by drivers due to lack of information and

control action, So, there is a need for integrated management of freeways and surface roads in
a corridor. Since these components interact. their management authorities should exchange
information and coop€rate in their operations to provide a better overall system. Clearly, there
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is a need for simultaneously modeling fr."*uy, and surface roads, traffic assignment, traffic
diversion, ramp-metering and traffrc signal control within a dynamic management model.

The existing conffol models for corridor in the literatwe have a shortcoming either control or
state prediction. Instead of having advantage of predicting equilibrium network states.

analytic models have disadvantage ofrepresenting real traffic flow and control (Yang, 1994).

The linear programming based on macroscopic simulation mainly approximate the link. travel
time functions in order to solvc easily the conhol problem (Chang et a1., 1994).

The objectives of this paper are two-fold; (l) to develop a dynamic management mcdel for
urban freeway corridor; and (2) to evaluate the management strategies using developeC model.
The presented dynamic traffic management model consists of two main components: dynamic
traffic assignment (DTA) model and dynamic traffic control (DTC) model. We combine two
separate efforts on control and assignment in order to improve the network traffic
performance in urban freeway co'rridor.

2. MODELLING FRAMEWORK

2.1 Conceptual Model

The presented model consists of a dynamic simulation-assignment model, which is predicting
network state at meso-scopic level, artd a dynamic instantaneous control model for system

optimizing.

The simulation-assignment model, which is composed of a dynamic network model, route
choice model and dynamic network-loading (DNL) model, includes pre-trip path selection in
addition to en-route switching decisions. Therefore it can simulate the process of users'
choice in a traffic dynamics and evaluate the effect of providing information in the imperfect
reactive route guidance system.

The proposed DTC model is applied to design of heuristic integrated corridor control
strategies that consider different type of control measures. It incorporates nonlinear traffic
flow model with various control measures and decomposed nonlinear optimization algorithms
required for the determination of the control variables' optimal trajectories over time.

In the case of combining of assignment model and control model, we don't probe a fixed-
point solution to be mutually consistent in the planning side but emphasize the system optimal
solution in the operational aspect. In this model, corridor traflic marngement problem can be

described as a leader-follower, where the system manager is the leader and the corridor users

are followers. It is assumed that the syst€m manager can influence, but cannot control, the

users' route choice behavior by providing information, metering access at on ramps and signal
contrql at intcrsections on surface streets. So it is efficient forthe proposed model to represent

the transient network state result from perturbation on the side of dynamic rnanagement such

as providing en"route infurmation, adaptive control.

2,2 Dynamic Network Representation

The road network consists of nodes, links and segments, A node is either an intersection of
several roadways or a sink or source where Eaffic flows enter or leave the dynamic network.
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We assume that dynamic choices available io drivers with access to guidance restricted at

nodes established YMS (Variable Massage Sign).

Link is physically directional roadway that coilnects between two nodes. But we represent the

roadway as one or more links considering approach lane at downstream node. Each link may

consist of one or two segments and is characterized by its type (freeway, ramp, and arterial

road). Especially, the controlled link is composed of common inbound segment and outbound

approaeh-segment at the downstream intersection. The selection of suitable link travel time

firnctions for discrete-time dynamic network largely depends on the length df the analysis

time interval and the method of network loading. It is reasonable to assume that stochastic

delay is negligible during such a short time. For an arterial link, average link travel time

T"(k) per vehicle during time interval ,t can be expressed as the sum of two main

components. The first is the travel time over the common inbound segment of the linkl thc

second is queue delay over the approach segment at the intersection.

T.(fi=r)61'r7;1111

Where,

f)G) | Cruising time over the inbound segmentation of the link a

fj g1 : Average delay over the approach segment of the link a

The cruising time 4(&) is basicaliy derived from cruise speed and length of uncongested

segment. But we regard the cruise as design speed or limited speed on an arterial link and

substitute the whole length of link for segment length because of the weakly dependency of
cruise speed on inflow and difficulty in calculation for length of uncongested segment. If
there is a queue over the storage capacity on the approach segment, it is necessary to reflect

increment of cruising time. This increased time resulted from overflow on approach segment

usually affect alt links common with inbotrnd segment in the roadway.

(l)

r)s1=fi+tr)Qtt=tr.#_*

x|1r;= 2rnu*[r,tt) -E<ttl, 0]
o.tlX

Where,

/, : Total length oflinka

wj : Design speed of link a

xt"1*1 : Vehicle oR cornmon inbound segment of link a at time k

x.(k) : Vehicle on link a at time k

S" (,t) : Saturation flow rates of link a at time k

g,(k) : Green split ratio of link a at time k

Ya e lli (2)

(3)
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A, V) , Storage capacity of approach segment of link a at time k

Ii : Set oflinks whose common with inbound segment of link a

The average delay per vehicle, fj gc1 , for vehicles aniving at the downstream intersection of
link s during time interval t can be composed of uniform delay, di(k), an{ overflow

detay di$),

dt ft\ =0.5 
c'' (t) x [ - s, ]'z

l- Min[, p,]x g"
(4)

(s)

In case of estimating saturation flow rales (or capacities) for links and intersection approaches,
we propose following equation based on the HCM concept of saturation flow rate and method
ofDNL.

$ =S"(At)x f(Lk,l", rq)

Because of using the time-based discrete DNL in this pape4 we should'consider properties of
the relationship between time interval for network loading and link free-flow cruise timeo

-f (Lk, l" , w: ) . That is, if link length is too long, it takes two or more time interval to

travel the link with free flow speed. Thus this traffic is considered as gueu€, which affects the
travel time of nefi interval traffic. Certainly, it is nec€ssary to adjust capacity for these links.

For a freeway link, it is very diflicult to divide free-flow cruising segment from flow-
dependent delay segment on the freeway link. So, we make use of traditional BPR function
which the traffie is distributed uniformly.

2.3 Dynamic Network Loading

The dynamic network loading (DNL) aims at finding time{ependent link florvs, lilk costs and path costs, given

route choices and link performance models. There have been to approaches to modeling dynamic network
loading problem. One is simulation-based rnodeling, another is based on flow based analytical models. The
model is formulated as a system equation representing the link dynamics, link flow conservation, flow
propagation and boundary conditions.

In this paper, we apply iterative-load model developed by Chabini and He (1997), that can be

implemcnted as either a simulation-based model or a flow-based analytical model. Each

iteration, DNL model implement to fix the link travel time temporarily, load path flows.

(6)
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ag$egate lirik flows, compute and update liuk Earel time. On the other hand, we supplement

ttre Ro* conservation equation at route choice node and spillback queue adjustments in
presented model.

The flow conservation equation at route choice node is applied to each pre trip choice node,

such as origin node, af,d en-route choice node, that is VMS established node.

PRE TRIP CHOICE TT'ODE

Luff&)=Dd(k), aeA(o)

EX-NOUTT CHOICE NODE

Lv',:(k)= D"'d{k+l), ae B(o')

Where,

"fi {*) ,Inflow on link a from origin (o) to destination (d) along path p at time k

uff {t ) , Outflow on link a from route choice node (O) o destination

D*u (k+ 1) : Demand from en-route choice node ( o' ) to destination at time k+l

A(o), B(ot ) : Set of links wtrose head node is o or tail node is o', respectively

In this paper, we assumed ttr,at additional time for upstream linh a +, owing to spillback

queue from downstream link a is time to clear vertical queue on downstream link.

LT,*(k) = Ua:elx',&) - Q',, O] " va e li (9)

2.4 Dynamic Route Choice Model

The presented model aims to gain more insight into the implications of information provision

to diivers on the performance of road networks with non-recrirrent congestion' For this

purpose, a dynamii simulation-assignment model consisting of three components has been

wriiten. The first component is the path-based static traffic assignment rnodel, the second

component is the decision-making process and the third component is the DNL model as

above described.

Even though there are many discrepancies between static and dynamic, u'e implement the

path-based static traffic assignment model, which is an adapted version of the one used by

iayakrishnan (1994), in order to gain frxed available path and path choice probability. So, we

,"p..r"nt the static network similar to dynamic network and use static OID data that assumed

(7)

(8)
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r€cunently to be happened during analysis period.

'We 
suppose that drivers base their tavel choice upon both their own experiences, which are

fixed path choice probabilities, Ul , derived from path-based static traffic assignment, and

time-varied probabilities, UtpUP), calculated from logit model using the path tavel time
based on the en-route information during information interval, IP.

Il pgP) = a,xu)(IP)+ (t- a,)xUf, (10)

Thus, drivers choose route based upon the combined utility, u ,QP) , composed of fixed
utility, time-varied utiliry and preference to provided information during their trip in this paper.

2.5 Dynamic Control Model

The interaction betlveen traflic control and traffic assignment is essentially the conflict
between drivers, who choose their routes to minimize their own travel times, and the traffic
authority, who sets the signal timings to minimize an overall system objective such as total
travel time. In this paper, we approach instantaneous system optimal based on predicted link
volume during control interval, CP.

Min Z = \u, (CP) x f ,fu, tCn, *, (CP), g, Gn]

st. g, eQs, Llo, xo e{)o

Where, Q, is feasible region of control variable and Q, is feasible condition of input and
state variable respectively.

When we use the decomposition method which optimize only control variable separate state
variable, it is necessary to scarch &e minimal marginal link travel time, as the partial
derivative of the total link travel time with respect to link green time split- with considering
state variables. But it is difficult to search the marginal link travel time because there is
asymmetric and non-separable characteristic resulted from interaction between links, such as
spillback. In addition to, because of dissimilarity of control characteristic by road type, it is
diffrcult to apply unified optimization ntethod to control problem in freeway conidor. So, we
design separate control strategies, formulations and solution algorithms in order to minimize
total travel time in a freeway corridcr, given Iink traffic volume resulted from assignment
model. We use a heuristic approach based on dynamic decomposition method which
decomposes the system into the control and state spaces. Thus only the control variables are
treated as optimization variables, whereas state variables are solved by dynamic network
loading.

(l l)
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3. DYNAMIC MANAGEMENT STRATEGIES

3.1 Information Provision Strategr

ln order to analyze the potential effects of information provision to drivers, we present tle
ttyee kinds of information provision stategies. lnfomation provision type A assumes that

information on diffierent paths is acquired solely through own experience. So, drivers decide

pre-trip route choice on origin zone, aad don't switch their decision en-route. Information
provision type B and C provide drivers with en-route information on specified node each

3minute, 6minute information provision interval. Thus, drivers enable to switch their route on

node where implemented information provision system with MI'IS.

3.2 Ramp Metering Strategr

Ramp control can be defined as a method of irnproving overall freeway operations by limiting;
regulating and timing the entrance of vehicles from one or more ramps onto the mainline.

Freeway ramp-metering control cannot be evaluated without the haffic performance statistics

from related arterial surface str€ets. Therefore, the ramp metering strategy should be extended

towards the direction of corridor control.

In case of control objectives for freeway trafFrc, we use the minimization of the total time

spent by all drivers on freeway systems, which includes total travel time and total waiting
time at on-ramps. Generally, when the problem of ramp metering is formulated, it is necessary

to reflect the constraints related with capacity, such as freeway capacity constraint, rarnp

queuing constraint. But, if there is congestion on corridor, we can not ascertain whether or not

these constraints should be considered-

In this paper, we suggest that control objective flmction is minimization of the total time,

which sum total waiting time and total travel time after merging at on rurmp. In case of the

constraint, conEol variable and input variable constraint is requisite and mainline capacity

constraint is optional.

(12)

(t 3)

Min Z,^,"= I [r, (CP)xT,(g 
")+ 

u o- (g 
") 

x T,-(c )]
rell"'

s.t. gI'' < g, <l

u,- (c P's = v, (c P) + Mink. (c P),s, (C P)lx g 
"

. u.-(CP) <Q,-(CP) (optional)

Where,

L*P '. Set of links relates to the ramp

z,- : Inflow on mainline link merged with on-ramp a

v, : Oudlou'on mainline link not merged with on-ramp a
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3.3 Signal Control Strategr

Traffic signals are readily available flexible means of controlling arterial road traffrc in a
freeway corridor. Subject to constraints, the signal timings can be optimized with respect to
any of several objectives established for traffic conditions. The usual criteria of signal control
performance are traffic capacity and average delay per vehicle. In under saturated conditions,
the goal is to reduce the amornt of delay to a minimum and this is accomplished by
determining the split appropriate to the trafftc demand. In over saturated conditions, the goal
is to maximize traffic flow, so priority shifts to splits reflecting the nature and length of
congestion on incoming routes.

The approach delay minimization strategy and the queue formation minimization strategy are
considered respectively in this paper, The queue formation minimization strategy can
efficiently decrease the additional travel time resulted from spillback

Min Zur, = 
|u,u,(.CflxTi 

@,)

.l,Iin Zuu,* = Zr,,(CP)- !E4+
aeti n; x l;

s.r. B,=LSi "a7.,
deo''

Z sf =t
0eo"

o D.mi[ < ont < on.md60 -60 -60

(14)

(t 5)

(16)

4. ALGORITHMS

4.1 Organization of Dynamic Traffic Management Algorithm

The organization of the presented dynamic traffic management algorithm mainly consist of
dynamic traffic assignment algorithm and dynamic traffic control algorithm(see figure I ).
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Figure 1. Organization of Dynamic Traffrc Management Algorithm

4.2 Dynamic Traffic Assignment Algorithm

As shown figure 2, dynamic traffic assignment determines available path and compute flxed

path choice probability at initial step. And then, computing path flow algorithm and dynamic

network loading algorithm are repeatedly performed through 2step "' 4step'
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Figure 2. Flowchart of Dynamic Traffic Assignment

4.3 Dynamic Traffic Control Algorithm

As sho'*Tr figure 3, given the path flow. dynamic feedback control is performed through
optimization for each control strategy and dynamic network loading.

Optimizing for ramp metering on fieeway is implemented ES (Evolution Strategy) algorithm
a kind ofrandom searching technique.

In case of signal control based on delay, equalizing marginal phase delay. optimizes dela1,
minimization problem. But signal control problem based on queue length has difficulty in
directly grasping the emalytic relation between green split and queue. Thus we splir based on
the phase queue intensity in this paper.
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Figure 3. Flowchart of Dynamic Traffic Control

5. EXPERIMENTS AND RESULTS

5. lExperimental Design

We design a pilot freeway corridor network that consist of one freeway plus two viable and

essentiafy paralte] altemative routes. The distance befween ramps is designed to be short for

the purpose of choosing altemative mmps according to corridor traffic conditions.

Figure 4. A Pilot Freeway Corridor Network
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In order to evaluate management stategy under various traffic conditions in freeway corridor,
we make scenario that include demand increasing and capacity reduction.

Existing Reduction 30%
Demand

Current Scenario I Scenario 4

Increment 30% Scenario 2 Scenario 5

Increment 50o/n Scenario 3 Scenario 6

5.2 Results

As shown table2, the information provision strategy results in most remarkable improyement
of nctwork traffic conditions. The provision of en-route traffic information through VMS
showed that there exists significant reduction in network travel time under the non-iecurrent
congestion resulting from freeway capacity decreasing. The ramp metering also can be
evaluated efficient management strategy for improvement of network performance. But the
signal control strategy was evaluated less effectively in overall network because allocating the
green time is restricted. Signal control based on delay minimization had stable outcom" to
improve network performance under various traffrc conditions. On the other hand, effect of
signal control based on queue length was unstable under traffic condition. But as increasing
traffic, it made more feasible solution comparison with solution based on delay minimization.

Table 2. Im of Link Travel Time (%)

Strateg-|

I{grry1iol ltgyt:tg_l

Bltlq iylelerilq _0_

24Z)19ll _ l: _

6I

Signal Control (Delay) J 2

Signal Control (Queue)

In order to evaluate the effect of management strategy according to the traffic condition on
freeway and arterial road in corridor, we set degree of relative congestion on freeway as
conidor traffi c characteristic.

degreeof relativecongestion on freeway =
(Pr.*,..or.)'

Pfrees?y + Pderiar

Table 1. Traffic Condition Scenario
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Each prn",* , pon"iot means degree of saturation on freeway, arterial road.
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Figure 5. Results of Information Provision Strategy Experiment

With a shorter information provision interval, the provision of en-route traffic information

through VMS showed that there exists more potential improvement in network traffic

performance, especially significant improvement of network performance under the non-

recurrent congestion on freeway.

t-- --'
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Figure 6. Results of Information Ramp Metering Strategy Experiment

The effect of ramp metering strategy depends on relatively corridor traffic condition' Not

considering mainline capacity constraint in ramp metering, it is more efficiently to improve

the netw.ork performance comparison with reflecting capacit-v constraint.
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6. CONCLUSION

The dynamic traffic management model presented in this paper integrates dynamic
assignment and dynamic controi for urban freeway corridor. The presented model allows us to
investigate the evaluation of traffic management strategy, such as information provision, ramp
metering and signal control.

Three different types ofmanagement strategy have been described, and each strategy has been
specified based upon control characteristic. We developed the algorithms for the purpose of
representing dynamic network states, obtaining feasible control variables and evaluating the
management strategies.

We designed experimental factors about three management strategies and evaluated in a pilot
freeway conidor under the various traffic conditions. The provision of en-route traffic,
information through VMS showed that there exists a potential improvement in network traffic
performance, especially significant reduction in network travel time under tle non-recurrent
congestion resulting from freeway capacity decreasing. Information provision strategy is
more efficient improving network performance than any other strategy, especially shorter
information provision interval. The effect of ramp metering strategy depends on relatively
corridor traffic condition. Not considering mainline capacity constraint in ramp metering, it is
more efficiently to improve the netu,ork performance comparison with reflecting capacity
constraint.
Applying the signal control strategy were evaluated less effectively in overall network
because allocating the green time is restricted. Signal control based on delay minimization
had stable outcome to improve network performance under various traffic conditions. On the
other hand, effect ofsignal control based on queue length was unstable under traffrc condition.
But as increasing raffic, it made rnore feasible solution comparison with solution based on
delay minimization.

Increasing the effectiveness of the applying to dynamic traffic management, it is necessary to
choose optimal strategies considering traffic condition in freeway corridor.
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