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Abstract: An optimal resource dispatching method is proposed
to solve the multiple-response problem under the conditions of
potential incidents on freeway networks. Travel time of the
response vehicle is selected, instead of route distance, as the
weight to reflect the impact of traffic conditions on the
decisions of rescue resources. According to the characteristics
of different types of rescue vehicles, the dispatching decision-
making time is revised to show the heterogeneity among
different rescue vehicle dispatching modes. The genetic
algorithm is used to obtain the solutions to the rescue resources
dispatching model. A case study shows that the proposed
method can accurately reveal the impact of potential incidents
on the costs of rescues according to the variations in the types
and quantities of rescue resources, and the optimal dispatching
plan with respect to potential incidents can be obtained. The
proposed method is applicable in real world scenarios.
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raffic incident response plays an important role in
T traffic management for maximizing freeway efficien-
cy. A traffic incident is a non-recurrent event that can
lead to traffic flow disruptions and capacity reductions'",
and the resource dispatching methods are required to re-
duce the decision-making time by separately analyzing va-
rious factors that contribute to incident responses. Espe-
cially, the potential incidents that may occur at the same
locations will affect the resource dispatching decisions.
Therefore, it is necessary to develop a model for optimi-
zing the resource dispatching under the demand of poten-
tial incidents.
Targeting the methods for traffic rescue resource dis-
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local sections along the road, but they are limited in that
an incident corresponds to only one response vehicle.

Subsequently, Zografos et al. '

studied the dispatching
types based on the shortest distance from various rescue
dispatching points to the current incident point. However,
because of time-varying traffic congestion levels, the
shortest distance does not mean the shortest travel time for
the closest response vehicles to reach the incident point.
In regard to the resource dispatching under potential inci-
dents, Sherali et al. """ defined the rescue cost of poten-
tial incidents as an opportunity cost and developed an op-
portunity cost-based dispatching model. When there are
potential incidents in a freeway network, the dispatching
of the closest rescue point for a current incident does not
necessarily achieve global optimization. This method in-
corporates the rescue cost of potential incidents into the
total rescue cost and attempts to solve the problem of re-
source dispatching on the freeway network.

Focusing on the resource dispatching under the freeway
sections characteristics, both domestic and international
researches still lack the ability to tackle the following is-
sues. First, current methods do not consider the differ-
ences in dispatching the response vehicles. Practically,
the relationships between the types and driving character-
istics of the response vehicles are not considered. Second-
ly, current methods usually use a constant dispatching de-
cision-making time for a response vehicle and do not re-
flect the impacts of different incident levels and different
types of response vehicles. Finally, according to the con-
flicts among the performance indicators for dispatching
optimization, e. g., the conflict between response time
and rescue cost, the conventional method cannot meet the
requirements for optimized multi-incidents and multi-re-
sponse dispatching problems'’.

In summary, the minimum travel time or the minimum
distance from the rescue point to the incident point cannot
comprehensively reflect the impact of the incident level
on the dispatching time and the differences among the

driving speeds of different response vehicles'"”’

. By using
the minimized summation of the dispatching time and the
travel time as the objective function, this paper first pro-
poses a method to estimate the decision time for different
incident levels and the travel time of different response

vehicles. Then, a genetic algorithm is presented to solve
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the problem of optimized response vehicle dispatching for
potential incidents with multi-rescue points in the freeway
network.

1 Modeling of Incident Rescue Resource Dis-
patching for Freeway Network

1.1 Conventional incident rescue resource model

Let L denote the set of the rescue points; F denotes the
set of the current incident points; N denotes the set of
network nodes; r, denotes the response vehicles that are
arranged for road rescue points where i € L; n, denotes the
number of response vehicles that are required for a current
incident point where fe F and F CN; A, denotes the min-
imum section weight that is calculated as the distance
from rescue point i to the incident point f; x, denotes the
number of response vehicles that are dispatched from i to
f; H denotes the set of potential incident points where H
CN; P, denotes the probability of potential incidents at
node & where h € H; A, denotes the minimum section
weight that is calculated as the distance from rescue point
i to potential incident point #, A, =minA,; and y repre-
sents an arbitrary y,. If the response vehicles are dis-
patched from i to h, then y, =1; otherwise, y, =0. Let
s, denote the number of the remaining vehicles that can be
dispatched for potential incident points after the dispatc-
hing of the vehicles from i to f, and the conventional res-
cue resource model'” can be formulated as

min[ 3 ¥ ax, + Y T P4, -A)y] (D
feF

iel iel heH

Z)C,f +s5, =7

feF

VielL 5,20 (2)

s.t. Yx,=n VYfeF (3)
ielL
yv.=1 VheH (4)
ieL
vas<s, VieL heH (5)
x=0(and integer), y binary (6)

The objective function (Eq. (1)) is to minimize the to-
tal cost of incident rescues, including the direct cost of
current incidents and the opportunity cost of potential in-
cidents. Eq. (2) ensures that the number of vehicles dis-
patched from any depot does not exceed the number of
service vehicles that are available at the depot. Eq. (3)
stipulates that the number of vehicles dispatched to any
current incident node should meet the service vehicle re-
quirements at that node. Eq. (4) states that a service ve-
hicle should be ready for dispatching rescue resources to
potential incidents at any node in the network, whereas
Eq. (5) states that such an additional vehicle in Eq. (4)
can be dispatched from a depot only if it is available at
that depot. Eq. (6) imposes the integrality and binary re-
strictions of the decision variables.

The limitation of the conventional model is that the res-
cue point and the section weight are fixed. Consequently,
the impact of different types of resources on generating
plans cannot be reflected. As is known, the dispatching
decision-making time should vary with the type and the
level of the incident. Therefore, the conventional model
needs to be improved.

1.2 Modified incident rescue resource model

Previous studies have shown that the levels of incidents
affect the dispatching decision-making time and that the
driving characteristics of response vehicles are important
factors in determining their travel time. Therefore, the
dispatching time in this study is defined as the combina-
tion of the dispatching decision-making time and the trav-
el time of response vehicles. The decision-making time
refers to the time from the moment of determining the
level of an incident to the moment of generating the dis-
patching plan. The travel time of response vehicles refers
to the vehicles used on the rescue path. The dispatching
time is given as

T,=t, +)V‘f’ T, =t,+ ’:,’ (7)
where T, is the dispatching time from rescue point i to
current incident point f; T, is the dispatching time from
rescue point i to potential incident point &; 7, and ¢, are
the dispatching decision times determined by the levels of
a current incident and a potential incident, respectively;
A/ v, 1s the travel time of response vehicles; and v, and
v, are the average driving speeds of the vehicles passing
road sections from rescue point i to a current incident
point f and a potential incident point &, respectively. Ac-
cording to the level of traffic incidents, the reference val-
ues of the dispatching decision-making time'""

in Tab. 1.

are given

Tab.1 Dispatching decision-making time according to
levels of incidents min
Levels of Minor General Major Serious
incidents incident incident incident incident
Decisi
ef:mon 3 5 7 10
time

The average driving speeds of different types of rescue
vehicles'” are given in Tab.2.

Tab.2 Average driving speed of rescue vehicles on road

Types of vehicles Average speed/(km - h~!)

Police patrol and administration vehicles 80
Small wrecker and cranes 60
Medium wrecker and cranes 50
Large wrecker and cranes 40

By replacing the section weights A, and A, in Egs. (1)
to (6) with the dispatching times 7, and T, in Eq. (7),
and defining 7, =min T,,, the modified potential demand
based model is given as



338

Chai Gan, Ran Xu, and Xia Jingxin

min[ z 2 Tyx, + 2 2 P(T, - Th)yih]
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st Yy, =1 VheH
ieL
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Compared with the conventional model where the res-
cue cost is computed as the product of rescue route dis-
tance and the number of dispatched vehicles, the pro-
posed model calculates the rescue cost as the product of
the dispatching time and the number of dispatched vehi-
cles to reflect the actual situation for dynamic traffic con-
ditions.

2 Dispatching Plan Based on Genetic Algorithm

Response vehicles include traffic police, road patrol
cars, wreckers, fire engines, ambulances, etc. In this
section, a genetic algorithm (GA)'", including chromo-
some encoding, fitness function, selection, crossover,
and mutation, is developed to solve the modified dispatc-
hing model for the response vehicle dispatching. The al-
gorithm is coded in Matlab 7 by installing the GATbx
(genetic algorithm optimization toolbox) developed by
the University of Sheffield.

2.1 Chromosome encoding

In the chromosome encoding, the digit position in a
chromosome is defined as the number of response vehicles
dispatched from rescue point L, to incident point F,. The
general structure of the chromosome coding is shown in
Tab. 3.

Tab.3 General structure of chromosome coding
L L, L

n

Point
Fl F2 le Fl F2 Fm2 Fl F2 mn
Number of
response  X; X, X
vehicles

The numerical value X, on the first position of a chro-
mosome is the number of rescue vehicles dispatched from
rescue point L, to accident point F,. In a road network
with multi-rescue points and multi-accident points, each
rescue point has its specific coverage due to the limits of
the rescue time, and only the rescue points and accident
points within the rescue point coverage are selected for
encoding. The number of rescue points contained in a
chromosome is determined by the location of the current
incident, which means that rescue point L, will be includ-
ed in the process of encoding if the current accident oc-
curs within the coverage of rescue point L . According to
the encoding characteristics, the encoding constraints are
set as follows.

First, for the potential accident point, the total number
of rescue vehicles obtained from different rescue points
should not exceed the total demand for any given point;
i.e.,

ZX. < n, (9)

i
heH

where X, is the number of response vehicles dispatched
from the rescue point to the incident point and n, is the
total number of demand vehicles for the potential inci-
dent.

Secondly, for the current accident point, the total num-
ber of rescue vehicles obtained from different rescue
points should be equal to the number of demand vehicles;
i.e.,

X =n (10)

i £
e F
where n, is the total nufmber of demand vehicles for the
current incident.
Thirdly, the total number of response vehicles dis-
patched from each rescue point should not exceed the
number of response vehicles allocated for this rescue

point; i.e.,
ZXi <, (11)

where r, is the number of response vehicles equipped at
this rescue point.

2.2 Fitness function

The fitness function is the objective function of the al-
gorithm. The key point of dispatching is the formation of
dispatching plans rather than the specific value of the res-
cue costs. Therefore, the fixed variables in the objective
function in Eq. (8) can be eliminated, whereas the pa-

rameters that vary with the actual situation can be kept.

Due to the fact that 2 yu =1, Yh e H, if the potential
iel

incident points are fixed, the term of 2 2 P(-Ty,)

ielL heH

= z P,(—T,) can be removed from the objective func-
ieL
tion in Eq. (8). Therefore, the latter term of Eq. (8) can
be simplified as » > P,T,x, , where x,, is the number
ieL heH
of response vehicles dispatched from i to h. Set the oc-
currence probability of the current incident as 1, and the
fitness function will be the product of the probability of
the incidents, the dispatching time from the rescue point
to the incident point, and the number of vehicles dis-

patched to the incident point. In this sense, the objective

n

function is minz P.Tx,, where n is the chromosome
i=1

i

coding length. When the genetic algorithm is used to cal-
culate the maximum value, the objective function can be

converted to the form as max(a - 2 P’,Tl_xi) , Where a
i=1
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is an arbitrary constant. Considering the impact of the
chromosome coding constraints, a penalty function is
used. When a chromosome code contains values inconsis-
tent with the constraints, the fitness of the chromosome is
reduced to diminish the genetic probability of the chromo-
some to the next generation, so as to achieve the purpose
of phasing out nonconforming chromosomes. The fitness
function of the genetic algorithm is finally formed as

n

max( a - ZP,.T,.xI.)
i=1

i

x; satisfy constraints
F(x;) =
Otherwise

max( a - iPiTix,. - Q0(x,) )
(12)

where the constraints for Eq. (12) are the same as those
in Egs. (9), (10) and (11).

2.3 Selection, crossover and mutation

In this paper, the proposed genetic algorithm is coded
to find the optimal dispatching decision by using the mod-
el built before for simplifying the process of selection,
The GATbx is used in this
process. The population size and genetic algebra can be
determined according to the length of the chromosome
and the complexity of the road network. The longer the
chromosome, the larger the population size and the genet-
ic algebra'""
positive integers or 0, the commonly used “roulette wheel

crossover and mutation.

. As all the chromosomes consist of smaller

selection” operator can be used as the selection operator;
the “single-point crossover” operator can be selected as
the crossover operator; and the substantial population mu-
tation function can be adopted.

In general, the occurrence probability of the crossover
is several orders of magnitude that are higher than that of
the mutation. In this context, a value between 0. 6 and
0.95 is usually applied as the crossover probability, and a
value between 0. 001 and 0. 01 is usually taken as the mu-
tation probability. The specific value can be fine-tuned
according to the real situation of the road network.

3 Case Study

In this section, the proposed model is empirically test-
ed using a real world road network in Nanjing, China.

3.1 Description of the background

Fig. 1 shows the abstracted topology of the tested road
network, in which the nodes represent the hub, interchan-

ges, and toll stations. The arcs between hubs and anodes
are abstracted for the two-way road sections. The rescue
points are also abstracted as nodes connected with the
road network. Tab. 4 gives the occurrence probability of
potential incidents and Tab. 5 shows the types and quanti-
ties of response vehicles allocated at various dispatching
points.

(O Interchange
/\ Tollgate
E! Depot

P

* Incident

Fig.1 Abstract diagram of the road network

Tab.4 Occurrence probability of potential incidents P, in net-
work nodes

Number of Probability of

R N
nodes oad ame potential incident

5 . Maqun 0.3
10 Hu-Ning Dantu 0.5
18 Luojiabian 0.2
22 Ning-Gao Lukou 0.3
23 Cuipingshan 0.4
6 Main tollgate 0.3
24 Airport Huashenmiao 0.5
25 Gaogiaomen 0.4
17 . Guizhuang 0.2
28 Ning-Hang Hushu 0.5

When a major accident that is 10 km away from Hushu
Interchange and 10 km away from Shangfang Interchange
occurs in the direction of Hushu Interchange to Shangfang
Interchange on Nan-Hang freeway in the road network,
the occurrence point of the accident is abstracted as node
0, and the types and quantities of resources required for
rescue are determined according to the level of the acci-
dent as shown in Tab. 6.

Tab.5 Types and quantities of response vehicle at dispatching points

. Police patrol Administration Wreckers Cranes
Depots Location Road . .
vehicles vehicles 3t 8t 48 t 60 t 40 t 60 t
A Maqun Hu-Ning 2 2 1 1 1 1 1 1
B Zhenjiang Hu-Ning 2 2 1 1 1 0 1 0
C Lukou Airport 2 2 0 1 1 1 1 0
D Lishui Ning-Hang 2 2 1 0 1 1 1 1
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Tab.6 Types and quantities of response vehicles required
Accident Police patrol Administration Wreckers Cranes
. Freeway R .
point vehicles vehicles 3t 8t 48 t 60 t 40 t 60 t
0 Ning-Hang 3 2 0 0 2 0 1 1

3.2 Generation of dispatching plan

The dispatching plan is divided into several independ-
ent parts according to the type of rescue vehicles. For ex-
ample, a dispatching plan can be composed of five parts,
i. e., dispatching of police patrol cars, road patrol cars,
and 60 t-class

48 t-class wreckers, 40 t-class cranes,

cranes.

Tab.7

Taking the dispatching of police patrol cars as an exam-
ple, the process of obtaining the optimal dispatching plan
by using the genetic algorithm is illustrated as below.
3.2.1 Creation of chromosome encoding

According to Fig. 1, the incident at point O lies within
the coverage of dispatching points A, C and D. The po-
tential incident points within A, C and D rescue points
and the chromosome coding structure are shown in Tab. 7.

Individual coding structure of police patrol vehicles

Dispatching points Current and potential incident points

Coding

A 0,5,6,22,23,24,25,28
C 0,5,6,17,18,22,23,24,25
D 0,17,18,22,23,28

X, X, X3, X, Xs, X, X;, X,
Xy, X190, Xi1, X, X3, X140 Xi5, Xp60 X
XIS’ X19' XZO’ XZ]’ X22' X23

In the individual coding, X, is the value of the i-th po-
sition corresponding to the number of patrol cars that are
dispatched from the dispatching point to the accident
point.
3.2.2 Constraint conditions for developing fitness
function

The constraint conditions represented in Egs. (9), (10)
and (11) are required to be determined when applying
Eq. (12) for the fitness function. As shown in Tab. 6, a
total number of three police patrol cars are required to be
dispatched for the incident. If rescue points A, C and D
are equipped with two police patrol cars, respectively,
the total number of police patrol cars dispatched by each
rescue point cannot exceed 2. Meanwhile, for the poten-
tial incident points, it is deemed that the demand of res-
cue vehicles should not exceed 1. Therefore,
straint conditions to be met by the dispatching plan are
formulated as X, + X, + X, =3, X, +X,, <1, X, +X| <
L X, +X,<1, X;+X,,<1, X, +X,+X, <1, X;+
X +X,<1, X, +X,<1 X, +X,<1 X, +X,,<1, X,
+ X+ X+ X X X+ X X <2, X+ X+ X+
X+ X, + X, + X5+ X, + X, <2, X;+X,+X, +X,
+ X, +X,,<2.

3.2.3 Parameter design of genetic operators

Combined with the actual situation in this case, the
number of chromosomes in the population is set to be 50;

the con-

<

17 ==

<

17 ==

the largest genetic algebra is selected as 150; the genera-
tion gap value is set to be 0. 9; the probability of a single-
point crossover is set to be 0.7; and the mutation proba-
bility is set to be 0.004. By using the genetic algorithm,
the output of the dispatching result is achieved after an it-
eration of 150.
3.2.4 Dispatching plan

The dispatching plan obtained through the genetic algo-
rithm is shown in Tab. 8. It is observed that the optimal
dispatching plan does not necessarily select the rescue
point with the shortest dispatching time to the incident
point when considering the potential incidents in the road
network. As indicated in Fig. 1, point A is the closest
rescue point from incident point 0, but there are some po-
tential incident points in the vicinity of point A. Compar-
atively, the number of potential incident points is fewer
for point D. In this sense, the preferred dispatching of re-
sources from rescue point A is obviously not the global
optimization dispatching plan. This is also consistent with
the results from the improved dispatching model. As
shown in Tab. 8, the optimal dispatching plan can be
quickly found by applying the genetic algorithm. Moreo-
ver, the improved dispatching method in this study can
reflect the impact of potential accident points in genera-
ting the resource dispatching plan.

Tab.8 Comprehensive dispatching plan

Dispatching Road Police patrol Administration Wreckers Cranes
points vehicles vehicles 3t 8t 48 t 60 t 40 t 60 t
A Hun-Ning 1 1 0 0 1 0 0 0
D Ning-Hang 2 1 0 0 1 0 1 1

4 Conclusion

This paper proposes an improved dispatching model for
road network rescue resources for incident response, in

which the dispatching decision-making time and the driv-
ing speed range of the rescue vehicles are given, and the
calculation of the resource dispatching time is designed.
The proposed model describes the resource dispatching
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cost for both current incidents and potential incidents in
the road network for fully reflecting the corresponding re-
lationships between the levels of incidents and dispatching
decision-making time. In addition,
the impact of different response vehicles on the dispatc-
hing time which is more consistent with a realistic rescue
dispatching process.

The improved model is solved by the genetic algo-
rithm. First, the real coding is adopted and the objective
function is changed. Secondly, the fitness function is de-
signed. Finally, the selection, crossover, and mutation
operators are designed for the genetic parameters. In ad-
dition, the genetic optimization steps to solve the im-
proved model are given to obtain the optimal resource dis-
patching plan.

the model considers
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