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- |. INTRODUCTION
1.1 Background

Traffic congestion on urban road networks has been
recognized as one of the most serious problems with
which modem cities are confronted. It is a wide spread
belief that physical expansion of transportation facilities is
not a proper solution considering the cost and environmen-
tal issues regarding road construction. Hence, transporta-
tion engineers have been searching for enhanced traffic
management schemes which utilize existing facilities such
as Urban Traffic Control Systems (UTCS) and Freeway
Traffic Management Systems (FTMS). However, as these
systems reach maturity, the potential for future improve-
ments in traffic flow through improved traffic control has
begun to reach an asymptotic limit. (Van Aerde, 1989)
Consequently, new type of traffic management approach
must be found to handle the urban traffic congestion.

In this context, Intelligent Transportation Systems
(ITS), a technology based on the recent and remarkable
development in computer, communications and general
information technologies is generally expected to be the
most promising solution to traffic congestion problems.
The technology has grown rapidly since the passage of the
Intermodal Surface Transportation Efficiency Act in 1992,
ITS has been divided into five major functional areas.
Among them, Advanced Traveler Information System
(ATIS) utilizes the above mentioned technologies to col-
lect, analyze, communicate and present information to
assist surface transportation travelers in moving from a
starting location (origin) to their desired destination.
Especially, as a major component of ATIS , Dynamic
Route Guidance System (DRGS) is seen as a powerful
user service in ITS.

According to recent studies, a certain percentage of

urban trips are planned irrationally and result in unneces-
sary delays. (Jeffery, 1987) DRGS has the potential of
resolving these problems by providing driver with optimal
routing to reach their destination based upon dynamic real
time information. Therefore, it is generally anticipated that
DRGS will play an important role in reducing urban traffic
congestion and improving traffic flows and safety.

1.2, Problem Statement

Development of new technologies for the solution of
any problem requires a detailed examination of all the
practical issues. For the successful implementation of a
DRGS, three critical issues should be considered. These
issues include system architecture, routing strategy and
evaluation of the DRGS benefits. Each of these issues has

been briefly summarized in the following sections.

1.2.1. System Architecture

First of all, how the functions involved in route plan-
ning are distributed between the vehicles and a Traffic
Management Center (TMC) is an overriding issue from
the system architectural point of view. In the TMC based
system, which is infrastructure-based, the route-planning
function is performed centrally by a computer system
located at a TMC, while the in-vehicle based system uses a
digital map stored on a computer system in the vehicle for
its own routing. Therefore, the system architecture of
dynamic route guidance system is directly connected with
its routing strategy. The research will .compare these two
alternative system architecture.

1.2.2. Routing Strategy

One of the most critical issues in DRGS is to develop
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optimal routing strategies that maximize the benefits to
overall system and users while improving traffic stability
in the network. The strategy has two competing perspec-
tives: users perspective vs. operator perspective,

From a system operators point of view, they are mainly
interested in moving as many people as possible in a given
time period. Practically, system operators consider what
routes drivers should use, to minimize the overall travel
time to all drivers, rather than letting the drivers simply
select routes which minimize their own individual travel
time. Theoretically, these routing strategies can be
described as system optimal and user optimal respectively.
The system optimal strategy has been considered for trans-
portation of military supplies or for a railroad by central
authority for the minimization of the total cost over the
whole network. Now with the advent of DRGS, This strat-
egy may also be used for general network to make the
most of available capacities in the network.

On the other hand, it is obvious that system users are
interested in reaching their destination quickly and safely.
Especially, when the congestion occurs in an urban trans-
portation network, the main concern of DRGS is to provide
individual driver with fast and safe routing advice toward
his or her destination for the user equilibrium status.

However, both objectives often can't be simultaneousty
satistied. While the system optimal strategy has the advan-
tage of saving a certain amount of total system trave] time,
the motorists might not comply. This is because system
optimal routing may not recommend the best route for
each individual driver.

Furthermore, if user equilibrium strategy provides all
the guided drivers with the same minimum travel time
path information, it is evident that the guided vehicle will
concentrate at a link with a relatively low impedance and
create congestion on that link. Theoretically, we can call

this as Braess Paradox.(Braess, 1968) With low market

177

penetrations, the guided vehicles are too few to cause new
congestion. However, in case of high market penetration
of DRGS, it is envisaged that the phenomenon will spread
out to the whole road network. (Kan Chen, 1991)
Consequently, careful consideration should be given to
adopting DRGS routing strategies. The research proposes
an adaptive strategy for providing dynamic route guidance
which compromise both objectives and ultimately pursue

System optimal network status.
1.2.3. DRGS Benefits Evaluation

Lastly, the usefulness of dynamic route guidance sys-
temn can be determined by evaluating its potential benefits.
Quantitative estimates of the potential benefits for different
network conditions, traffic patterns, and the level of market
penetration needs to be performed to select the optimal
strategies for DRGS.

In particular, it is generally believed that DRGS will be
more beneficial when the non-recurrent congestion
caused by accidents or roadwork occurs. It is reasonable
to believe that under normal traffic conditions, only a few
drivers need to re-route themselves to keep.the equilibri-
um state in the network; but under abnormal traffic condi-
tions like non-recurrent traffic congestion, most of the dri-
vers will need the DRGS re-routing information to settle
the disequilibrium status. This research will present the
quantitative evaluation of DRGS benefits with the pro-
posed strategy under noa-recurent congestion using a

simulation model.
1.3 Objectives of the Research

The goal of the research is to develop an effective and
efficient strategy for providing dynamic route guidance

under nop-recurrent congestion. The research will provide
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a systematic evaluation of the DRGS routing strategies in
the idealistic and realistic networks using simulation
model analysis.

To fulfill the final research goal, the following objec-
tives have been defined

+ Study the theoretical viewpoint of the two alternative
routing strategies: system optimal vs. user optimal.

+ Develop effective and efficient Dynamic Routing
Algorithms to pursue system optimal and user opti-
mal with the consideration of the state of the net-
work.

» Evaluate the routing strategies for DRGS by their
benefits using integrated traffic simulation model.

Il. COMPARISON OF DRGS ROUTING
STRATEGIES

2.1 Relationship between System
Architecture and Routing Strategy

Table 2.1 is a summary table of the characteristics of the
two system architecture mentioned above. Each system
architecture is establishing the strategies in order to comple-
ment their disadvantages such as privacy and initial cost.

From the viewpoint of DRGS routing strategy,
Infrastructure based system has advantage of pursuing sys-
tem optimal traffic operation, which is more essential
under abnormal traffic conditions such as non-recurrent
congestion and natural disaster. But it should concem the
problem of user compliance, when some of equipped dri-
vers are urged not to choose minimum travel time path for
the whole system optimal.

On the other hand, In-vehicle based system can utilize
the user-specified route selection criteria to avoid Braess

Paradox under normal traffic condition. However, it may

be of no use under abnormal traffic conditions and high
DRGS market penetration state. Conclusively, it is envis-
aged that Infrastructure based system is more appropriate
system architecture for the DRGS routing strategy -under

non-recurrent congestion.

2.2. Derivation of Link Performance
Function

For the nonlinear optimization programming, a consis-
tent link performance function is adopted from INTE-
GRATION traffic simulation model. It will be used later
as a simulation model for evaluating DRGS routing strate-
gies. The link performance function of INTEGRATION
(Van Aerde 1994) is

r=t {1+ (DG

Where: ¢ = link travel time (seconds)

# = travel time when traveling at the free speed (sec-
onds)

Se = speed at capacity(km/h)

/= free spoed(km/h)

C =link capacity(vph)

V=link flow(vph)

If we follow the parabolic speed-flow relationship pro-
posed by Greenshields, the speed at capacity Sc is set to
half of the free speed S [See Highway Capacity Manual
(1985)].

Accordingly, the link performance function is simpli-
fied as follows; t= 11 1+[ %/ ]3 )

=g+, O

Using this link performance function, the objective
function for simple networks using User Equilibrium route
guidance strategy is reformulated as follows;

min Z: (9 = ? [+ (%g-)x*)dx
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Table 2-1 Comparison of the alternative DRGS system architecture

Driver InitialCost -~
| Market Penetration high low
Equity poor good
Pﬁvééy ,: ‘ poor good
Compliance poor good
Traffic Tnital Cost high low
Authority » ,antzml*ff’_ good . poor
System | Robiistness low high
Communication - very high ‘ high
_ Bracssparadox , not bad poor
Routing Normal condition System,User Optimal User Optimal
Strategy Abriormal condition Controllable Uncontrollable

The objective function for simple networks using
System Optimal route guidance strategy can also be refor-

mulated as follows;
; = A
min Z2()= £ x ftr+( & )xi}

As the formulation is a convex nonlinear problem,
Sheffi's algorithms can be used to solve it. [See
Shefti(1985)}

2.3 Comparison of User Equilibrium
vs. System Optimal

Freeway

2.3.1. The Differences between UE and SO

It can be seen that UE route guidance strategy con-
siders average travel time when selecting the minimal
path, while SO route guidance strategy considers
marginal travel time on each link. If the traffic flow
over the network is relatively low, the difference
between the UE and SO flow is negligible. This is
because the marginal travel time on each link at this
non-congested range is very small. As the link flow
increases, the marginal travel time will also increase

proportionally. This will result in a different UE and

Arterial

Figure 2.1 A simple network of two alternative links



180 _ Journal of Korean Society of Transportation Vol. 15, No. 1, 1997

SO flow pattern.
To illustrate this better, a simple network with two
alternative links is used. It is shown in Figure 2.1

2.3.2. Example Problem

Consider an idealized simple network as shown Figure
2.1. The treeway and the arterial have two lanes. The net-
work has the following link characteristics,

+ freeway capacity Cr =2000 vehicle per
hour(vph)/lane,

» arterial capacity Ca =1000 vehicle per
hour(vph)/lane

» {reeway and arterial distance [=l=2 mile

« free flow speed on freeway sf= 65 mile per
hour(mph),

s free flow speed on arterial s« = 45 mile per
hour(mph)

« total traffic demand varies O vph to 6000 vph (sys-

Link Volume {Veh/min)
70
60
50
40
30

20

Total Demand

tem capacity)

A computer program has been developed using MAT-
LAB to obtain the nonlinear Programming solutions.
Figure 2.2 and Figure 2.3 illustrate the distribution of
assigned traffic volumes on altemative routes graphically.
The graphics imply that SO route guidance strategy uti-
lizes the network fully since it starts to assign the traffic
volume to the arterial when the level of traffic demand
approaches 30% of the system capacity.

On the other hand, UE route guidance strategy does
not use the arterial until the level of traffic demand reaches
half of the system capacity. It has also observed that the
route traffic volumes of SO route guidance strategy are
more evenly distributed than that of UE route guidance
strategy. These results are consistent with the fact that the
SO route guidance strategy pursues the maximum utiliza-
tion of the system

The differences in total travel time between the UE

and SO strategies are illustrated in Figure 2.4. As we

Freeway

T Areria)

Figure 2.2 Distribution of System optimal routing
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Link volume (Veh/min)

Total Demand
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Figure 2.3 Distribution of User equilibrium routing

expected, there is no remarkable difference between
both low and high traffic demand. This implies that the
gap of marginal travel time between the altematives is
negligible in low or high traffic demand range.
However, significant differences are found within the
mid-range traffic derand. In this case, the maximum
total travel time difference occurs when the level of traf-
Difference In Total Travel Time
14.0%
12.0%
10.0%

8.0%

fic demand is half of the system capacity. At this point,
SO route guidance strategy can save more than 11% of
the total travel time of UE route guidance strategy. It is
also noted that UE traffic assignment shows relatively
unbalanced distribution around the mid-range traffic
demand especially when the maximum difference in

total travel time occurs.

Total Demand

Figure 2.4 Differences between UE and SO routing



182 Journal of Korean Society of Transportation Vol. 15, No. 1, 1997

24 Comparison of UE vs. SO under
Incident Condition

2.4.1 The Difference Between UE and SO under
Incident Condition

Frecwav
oL

Consider the following simple network with a incident
on freeway.

Without question, delays on the freeway with incident
will increase more rapidly than on the freeway without

incident because of the freeway capacity reduction due to

Arterial

Figure 2.5 A simple network with incident on freeway

the lane or shoulder blockage. The increased delays will
result in more steep slopes both on link cost function
(FLC) and link marginal cost function (FLMC) as shown
in Figure2-6. This demonstrates the hypothetical cost and
marginal curves for the simple network with incident con-
dition. It should be noted that the arterial traffic volumes of
the new User Equilibrium (UE) and System Optimal (SO)
status are increased by the incident effects, as compared to
that of User Equilibrium (UE) and System Optimal (SO)

status without incident.

2.4.2 The Existence of Braess Paradox under
Incident Condition

It is a well-known fact that a failure to realize the funda-
mental difference between the SO and UE flow pattern
can lead to pseudo paradoxical scenarios. The most
famous of these is known as Braess Paradox. The paradox
occurs when the individual choice of route is performed
without the consideration of the effect of the action on
other network. We expect a total travel time reduction
which is a system optimal perspective by adding a link
while the drivers choose their route by UE criteria. Thus

the resulting UE flow pattern does not necessarily reduce

the total travel time.

It should be noted that the paradox does not always occur
only with the addition of new link. It can also happen when
the database of available links in the Route Guidance System
network is expanded to the local roads. Furthermore, it can
happen when we consider diversion routes under incident sit-
uation. (Van Aerde 1991) Figure 2-7 shows the change of
the difference between UE and SO strategies with multiple
altenate routes by incident, that is capacity reduction in free-
way. It is noted that the distributions of the differences of the
two traffic conditions don't have the similar shapes. This
implies that careful consideration should be given for deter-
mining route guidance strategies.

For example, there are no significant differences
between the two strategies under normal condition, when
the level of traffic demand lies between 60% and 80% of
the system capacity. But once an incident occurs, the dif-
ference reaches its maximum within the same level of traf-
fic demand. In other words, when the incident occurs with
the steady-state traffic demand, we can save considerable
total travel time by changing the routing strategies from
UE to SO. This will be the basis in the following proposed
methodology for determining optimal route guidance

strategies under non-recurrent congestion.
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Travel Cost and
Marginaj Cost

Fres flow cost

Volume on Arterial

FLC : Freeway Link Cost FLC’ : Freeway Link Cost under Incident Condition

FLMC : Freeway Link Marginal Cost FLMC’ : Freeway Link Marginal Cost under Incident Condition
ALC : Arterial Link Cost ALMC’ : Arterial Link Marginal Cost

UE : User Equilibrium Flow Pattern UE" : User Equilibrium Flow Pattemn under Incident Condition
SO : System Optimal Flow Pattern SO’ : System Optimal Flow Pattern under Incident Condition

Figure 2.6 Difference between UE and SO under incident condition

Difference In Total Travel Time Saving {min)
50.0

45.0

40.0

350

30.0

25.0 P = Normal Condition

peemee Incident Condition|
20.0

15.0

100

5.0

Traffic Demand (Veh/min)
Figure 2.7 Differences between UE and SO with multiple alternate routes
lil. ADAPTIVE ROUTING STRATEGY FOR The travel time reduction by system optimal strate-

DRGS gy over user equilibrium strategy varies with the traf-

fic condition and network configuration. Therefore,
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an adaptive strategy which considers the variation of
travel time saving is needed to provide efficient route
guidance especially under non-recurrent congestion.
Here, a discrete deterministic queueing model is
developed to estimate delay dynamically caused by
freeway incidents. Based on this, an adaptive dynamic
route guidance methodology for incident management

is proposed.

3.1 Dynamic Estimation of Incident
Delay

Any freeway incident can cause delay either directly
via lane closures or indirectly via "gawker block". The
extent of incident impacts depend on the level of traffic

demand during the incident, the duration of the incident,

Cumulative Traffic Volume

T

and the degree of capacity reduction. Here a discrete
dynamic model for estimating incident delay has been

suggested using deterministic queueing model.

3.1.2 Dynamic Delay Estimation

A discrete model for estimating dynamic incident
delay is developed based on deterministic queueing
model. The model will be a component of link perfor-
mance function for the optimization problem. Figure 3.1
illustrates the dynamic variation of incident queueing
delay with discrete time slice(t). Average queueing delay
of each time slice can be calculated using geometry of the
diagram as follows; This function is used to incorporate
queueing delay under incident condition in the link per-

formance function as follows;

qs el
— ds
q1 d1 Wi
to t tz t3 te v e tN-2 tN1 - IN

Time

Figure 3.1 Discrete deterministic queueing model for estimating incident delay

First, the queue delay at time n (W,)) is obtained by
Wo = Was + (%_1) 4t @1

where,

Wi : the queue delay for the lastly amrived vehicle at

time interval n
q, : traffic demand at time interval n
1Q : reduced capacity
The area d(n), which implies the total queueing delay
forq,, is calculated by :
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_ Wn-1+ Wn

dn 2

q.4t

The average queueing delay at time slice n is calculated as

7 _ Wer e Wh
Qndt_ 2

_ Wi + Wn

2 q,dt-

an

Thus, we can derive a equation of average incident

delay as a function of traffic flow qt at time t as follows:

Waen+ Wo
ay = —ms——
2
Using Eq(4.1),
[7 . L_
iy ML), o(e-1)+ (’Q 1)ar
- 2 2
_ B (g, - rg)ae
Wot-1)+ BT
nW{/-l)-;—-Ati- JArlQ ()
C(x(t))=a +Px()’ ifa(t)=0 -
or C(x(t)=ca+PBx(t) +a+bx ifact) > 0
where, a=W,_, - LA:
2
b= At
2rQ

Figure 3.2 illustrate the flow chart for dynamic delay
estimation using deterministic queueing model. There are

two equations for each incident situation as follows;

where,
W,=W,,+(1o _1)a: for t4 < ID
rQ
W.=W,, + ("Q—" - 1)At fort¢ > ID

t4: the departure time for last vehicle arriving at time
interval n

ID : incident duration (minutes)

3.2 An Adaptive Methodology for
DRGS under Non-Recurrent
Congestion

From the viewpoint of DRGS routing strategy, system

‘optimal strategy has an advantage of saving a.certain
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amount of total system travel time. It is likely to be more
beneficial under abnormal traffic conditions such as non-
recurrent congestion and natural disasters. But an issue of
great concemn is the problem of user compliance when
some of the equipped drivers are urged not to choose min-
imum travel time path for the whole system optimal. This
is because the system optimal route may not be the best
route for each individual drivers. Experienced drivers
might use their own perceived travel time based on expe-
rience for selecting their routes. They do this when they
believe that the perceived difference in travel time
between the recommended route and their own impro-
vised routes exceed a certain marginal level. Therefore, it
should be considered that a certain ratio of equipped dri-
vers will not follow the system-optimal route guidance
information. Undoubtedly, this ratio can be applied to the
User Equilibrium strategy, but it is relatively small.

In this research, it is suggested that careful considera-
tion should be given by adopting minimum travel time
saving ratio, when SO strategy is implemented. That is, if
the SO strategy can't save the total travel time significant-
ly, it is not recommended to implement SO strategy
because of the user compliance problem. The purpose of
adopting minimum travel time saving ratio is to consider
user compliance problem and prevent improper use of
system optimal strategy. It is believed that at least a certain
percentage should be saved by implementing SO strategy,
since SO strategy might lose its credit gradually by sacri-
ficing the travel time of some of equipped drivers. Here
5% of minimum travel time saving ratio has been
assumed intitively, but the ratio should be testified by
field study for the practical use. ‘

3.2.1 Proposed Methodology

It is proposed that an adaptive routing sirategy is
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required for efficient control of dynamic route guidance be obtained by field surveys and interviews or lab
system especially under non-recurrent congestion. Figure experiments, which are out of scope in this research.
3.3 demonstrates the step-wise feedback methodology of 2) Monitor real-time traffic situation
adaptive routing strategy for DRGS. The detailed proce- Using advanced traffic technology, a series of real-
dure is as follows; time traffic data which describe the current traffic situ-
1) Determine the exogenous variable ation are available for the traffic networks. Especially,
Tt is important to set up exogenous variables such as real-time information about current traffic flow pattern
the user compliance ratio, minimum travel time saving and queue length during the incident process will play
ratio and the market penetration ratio. These values can key roles in the proposed methodology.
Monitoring Incident Severity
- # of lanes blocked
- Incident location
- incident Type

Estimation of Incident Duration and Reduced
Capacity by Lindley's Table

last in the current time interval (T+%)

Y

( Calculation of departure time of the vehicle arriving

Yes
“<ID
No
Calculation of queue delay for the last vehide in the
current time interval (wn)
No
Wn>0
Y Yo l
Calculate Total Delay Calculate Total Delay let W,=0, calculate total delay
and Average Delay by and Average Delay by and average delay by Eq43)
Eq4.2) Eq@.3) Tag y by kg

Figure 3.2 Algorithm for estimating incident delay
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3) Starting incident situation
Once an incident is detected, it will automatically
trigger the dynamic incident delay estinﬁa;tion mod-
ule using current traffic flow and basic incident
information including the location of the incident,
the number of blocked lanes, and incident type (e.g.,
accident or disablement) The information will be
used for defining the incident duration and reduced
capacity. Lindley suggested a table of average inci-
dent duration for freeway section based upon previ-
ous work done by Owen and Urbanek(1978). He
also provided the information about the fraction of
freeway section capacity available under incident
conditions. Using the table, the reduced capacity due
to the incident can be computed.

4) Solve UE and SO route guidance strategies
As discussed in previous chapter, the UE and SO
route guidance strategies will be obtained by using
nonlinear programming method with the revised
link performance function. User compliance ratio
for
system optimal strategy can be applied before the
two strategies are compared.

5) Comparison & selection
The difference in total travel time between UE and
SO strategies will be the criteria for determining opti-
mal strategy for current traffic situation. Minimum
travel time saving ratio should be applied to system
optimal strategy for the comparison. That is, if the
difference in total travel time between the two strate-
gies is less than the ratio, UE strategy will be selected
and vice versa. As noted in previous chapter, the dif-
ference varies due to the current traffic flow pattern,
the severity of incident , the number of available
alternate routes and its link characteristics.

6) Implementation

187

The selected route guidance strategy will be imple-
mented promptly to the networks. The results of the
implementation will be captured by the traffic moni;
toring system after one time slice passed. This adap-
tive routing strategy for DRGS will continue until

the time to normal flow.
V. STRATEGY EVALUATION

The evaluation of adaptive routing strategies for DRGS
is presented by the utilization of a dynamic simulation
model for Intelligent Transportation System (ITS), INTE-
GRATION under various non-recurrent congestion. The
adaptive routing strategy is applied to the traffic diversion
under non-recurrent congestion situation. The following
alternative strategies for DRGS are evaluated :

(1) Diversion by the Adaptive Routing strategy.

(2) Diversion by the nsantzneots User Equilibrium Strategy

The Adaptive routing strategy employs traffic condi-
tions during the occurrence of an incident and other road
environment conditions to recommend efficient and effec-
tive diversion routes, while the user equilibrium strategy
uses a real-time minimum travel time path for individual
driver. In other words, the user equilibrium strategy unlike
the adaptive routing strategy does not take into account the
total system travel time saving in selecting diversion routes.

The comparison of the two methods were achieved by
simulating various incident scenarios using the idealized
network and Fairfax county road network. Several inci-
dent conditions by incident duration and traffic demand on
freeway and arterial were investigated using each of the
strategies. The simulation tool employed in the study is the
INTEGRATION traffic simulation model.

41 Simulation with Idealized Network
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Determine the Exogenous Variables
- User Compliance Ratio
- Minimum System-optimal travel time Saving Ratio

>y

Monitor Real-time Traffic Situation
« Traffic Flow

+ Traffic Density

+ Queue Length by Incident

Y

Dynamic Estimation of Incident Delay using
Deterministic Queueing Theory

]

L

Programming

Solving User Equilibrium Strategy by Nonlinear

Programming

Solving System Optimal Strategy by Nonlinear

Y

H—‘

Minimum Travel Time Saving Ratio User Compliance Ratio

Y

Comparison of Total System Travel Time Between User Equilibrium
and systemOptimal

L]

Determine Optimal Strategy for Current Traffic Sitration

L]

Implementation

Figure 3.3 The Step-wise feedback methodology for DRGS under non-recurrent congestion

4.1.1 Simulation Method

The evaluation of adaptive routing strategy for DRGS
is performed with idealized network which has following

contigurations;

« Networks : 7 nodes and 8 links (one freeway and one
neighboring arterial.)

» Freeway traffic demand : 3500 vph, 2500 vph,
Arterial traffic demand :600 vph, 1200 vph

« Freeway capacity : 4000 vph (2000 vph/lane), Arterial
capacity : 2000 vph (1000 vph/lane)
» Incident severity : 1 lane blockage (65% capacity

reduction)

« Sensitivity analysis by incident duration (30,60 min)

+ Four simulation categories have been identified by

traffic demand on freeway and arterial as follows;

» Arterial Normal Freeway Normal(ANFN): Arterial

V/IC (0.3), Freeway demand(0.625)

+ Arterial Normal Freeway Congested(ANFC):

Arterial V/C (0.3), Freeway demand(0.875)
« Arterial Congested Freeway Normal(ACFN):
Arterial V/C (0.6), Freeway demand(0.625)
+ Arterial Congested Freeway Congested(ACFC):
Arterial V/C (0.6), Freeway demand(0.875)
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Freeway incigau\tjocation,

NS

Arterial

Figure 4.1 Ideatized network for integrated traffic simulation

4.1.2. Simulation Results

Figure 4.2 shows that when the travel time sav-
ing ratio is maximum when both arterial and free-
way have normal traffic demand under incident. As

the demands increase, the travel time saving ratios

decrease. It is noted that ACFN condition can save
more fotal travel time than ANFC condition. This
is because there is not enough capacity in arterial
under ACEN condition to accommodate the system
optimal routing that pursue the utilization of

remaing capacity.

14% -/

12%

10%

lTotaI Travel Time Saving Ratio

ANFN ACFN

Traffic Condition

Eincident Duration 30
B Incident Duration 60

5

ANFC ACFC

Figure 4.2 Total travel time saving by adaptive routing strategy over user
equilibrium routing strategy under incident condition

4.2 Simulation with Realistic Network
4.2.1 Simulation method
+ Incident type : 65% capacity reduction (1 lane block-

age) on[-66
« Traffic Assignment Algorithm : Fixed Mulii-Path

Assignment (update every 5 minutes)

* Incident duration : 15, 30, 45, 60 min (10 min ~ 70
min on simulation time)

» Total Simulation Time: 110 Min. (4.2 Hour)

* Scenario I : Adaptive routing strategy

* Scenario II : Instantaneous user equilibrium routing
strategy
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Figure 4.3 The realistic network of fairfax county in Virginia

4.2.2 Simulation Results

Table 4.1 shows that the adaptive routing strategy can

reduce the total travel time within the range of 3% to 10%.
As incident duration increases, the travel time saving ratio

also increases.

Table 4.1 Comparison of traffic performance in realistic network

Incident Average trip times
duration (min)
User Equilibrium Adaptive Routing Reduction
Routing Strategy Strategy Ratio(%)
15 1549 1496 34
30 17.70 16.69 57
45 20.34 18.65 83
60 2395 2143 105

V. CONCLUSION AND FURTHER
RESEARCH

5.1 Conclusion

This research proposed an adaptive routing strategy for

DRGS as an effective and efficient methodology. The
research concludes with the following findings and rec-
ommendations for further researches.

Infrastructure based. DRGS have advantage of pursu-
ing system optimal routing strategy, which is more essen-

tial under abnormal traffic conditions such as non-recur-
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rent congestion and natural disaster. However user compli-
ance could be a problem under such a strategy, particularly
when some of equipped drivers are urged not to choose
minimum travel time path for the sake of improving the
total network travel time. On the other hand, In-vehicle
based DRGS can utilize the user-specified route selection
criteria to avoid Braess Paradox under nommal traffic con-
ditions. However, it may be of little use under abnormal
traftic conditions and high DRGS market penetration.

In conducting the éomparaﬁve analysis between system
optimal strategy and user equilibrium strategy theorectical-
ly, significant differences were found within the mid-range
traffic demand. The maximum total trave] time difference
oceurs when the level of traffic demand is half of the sys-
tern capacity. At this point, system optimal route guidance
strategy can save more than [1% of the total travel time of
user equilibrium route guidance strategy.

The adaptive routing strategy is evaluated using Traffic
simulation model, INTEGRATION. According to simula-
tion results using an ideal network, the travel time saving
ratio is maximum when both arterial and freeway have
normal traffic demand under incident. The simulation
results of realistic networks in Northern Virginia have
shown that the adaptive routing strategy saved the total
travel time between 3% to 10% over the traditional user
equilibrium routing strategy. The reduction of total travel
time increases as the incident duration increases. Based
upon the simulation results, it is concluded that the adap-
tive routing strategy for DRGS is more effective than
using user equilibrium routing strategy alone under non-

recurrent traffic congestion.
52 Further Research

The following has been suggested as areas of further

research to this dissertation.
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* Sensitivity analysis with different user compliance
ratio, market penefration ratio and time interval

* Establishment of multiple user class optimization
technique '

* Incorporation with incident management algorithm to
implement comprehensive incident management

strategy
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