Journal of Southeast University (English Edition)

Vol. 25, No. 2, pp. 252 -256

June 2009 ISSN 1003—7985

Decision model and algorithm
for traffic rescue resource dispatching on expressway
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Abstract: In order to solve the problems of potential incident
rescue on expressway networks, the opportunity cost-based
method is used to establish a resource dispatch decision model.
The model aims to dispatch the rescue resources from the regional
road networks and to obtain the location of the rescue depots and
the numbers of service vehicles assigned for the potential
incidents. Due to the computational complexity of the decision
model, a scene decomposition algorithm is proposed. The
algorithm decomposes the dispatch problem from various kinds of
resources to a single resource, and determines the original scene
of rescue resources based on the rescue requirements and the
resource matrix. Finally, a convenient optimal dispatch scheme is
obtained by decomposing each original scene and simplifying the
objective function. To illustrate the application of the decision
model and the algorithm, a case of the expressway network is
studied on areas around Nanjing city in China and the results
show that the model used and the algorithm proposed are
appropriate.
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he disruption by incidents on expressways is over-

whelming the common highways'". The total delay
caused by an incident consists of detection time, dispatch
time, travel time and clearance time'™'. Dispatch decision
time is composed of dispatch time and travel time. The deci-
sion model in this paper describes the selected rescue dep-
ots, the kinds and numbers of assigned service vehicles, and
the algorithm decides dispatch strategies by solving the deci-
sion model.

Considering any current incident, the rescue decision is to
dispatch the closest available vehicles, and Yamada™ trans-
formed this dispatch problem into the shortest path of the
network. Considering both current and potential incidents, a
mixed-integer programming model with probabilistic con-
straints was proposed by Ozbay et al.'*'. Considering the
kinds of rescue resources, the multi-commodity and multi-
modal network flow model was put forward by Haghani et
al. P!, Targeting the purposes of rescue decisions, researchers
have concentrated on minimum dispatch time. Ozbay
et al. ' used the Arena simulation package to evaluate the
performance of incident management operations. Domestic
researches were just starting. Fuzzy programming in selec-
tion of multi-depots for emergency systems was proposed by
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Liu et al. ™. However, previous studies on the dispatch

problem have failed to consider the methods and practices in
response to multiple incidents, especially, the decision model
and the algorithm for traffic rescue resource dispatch on ex-
pressways. The objective of this paper is to provide an adap-
tive model and propose an appropriate algorithm for making
decisions related to the depots selected and the kinds and
numbers of service vehicles assigned. The research findings
can be effectively incorporated into a traffic rescue resource
dispatch decision support system on expressways.

1 Dispatch Decision Model
1.1 Modeling approach

In view of traffic rescue on expressways, dispatch strate-
gies in response to low levels of incidents are made by con-
sidering direct costs'’, namely, dispatch the service vehicles
from the depot closest to the incidents. In response to high
levels of incidents, rescue resources from the local road net-
works are needed to dispatch, so the opportunity cost method
is introduced to build the dispatch decision model. The basic
idea of the method is that resources are alternatively uti-
lized. Every kind of resource is of considerable use, and
once a resource is put into one application, it will not be
available for another use. On the premise of no additional
rescue resources, the method not only takes the current inci-
dent rescue costs into account, but also gives consideration
to potential incident rescue costs. It is suitable for dispatc-
hing rescue resources on expressway networks.

1.2 Opportunity cost-based model

The direct costs caused by a current incident rescue is de-
fined as z z )\,_»fx,.fm . Ay is the minimum dispatch deci-

ielL feF
sion time forfa vehicle from depot i € L to the current inci-
dent fe F (L is a set of depot nodes, | L| =1, and each dep-
ot node i provides r, vehicles. F is a set of current incident
nodes, \ F \ =m, and each current incident node f requires n,
vehicles) . x, is the number of vehicles dispatched from i to
/- In the process of assigning the closest vehicle to serve the
current incident, once an additional incident occurs in node
v, vehicles in the closest depot will not be available to serve
the new incident. Note P, is the probability of a potential in-
cident occurring at any node v (v e N, N is a set of nodes in
the road network), so the opportunity cost caused by the po-

tential incident is defined as 2 2 P(A, —A)y," . In

iel veN
general, the occurrence of incidents follows a Poisson distri-

bution, so only one additional incident could occur simulta-
neously. A,, is the minimum dispatch decision time for a ve-
hicle from depot i to potential incident node v, and A, means
the minimum dispatch decision time for a vehicle from all
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depots to v(A, =min{A, }, for all ve N).If a vehicle is dis-
patched from i to v in response to an additional incident, y,,
=1, otherwise y, =0. x represents an arbitrary Xigs and y re-
presents an arbitrary y, . s, is the remaining available vehicles
dispatched by a potential incident after rescuing a current in-
cident. So, the opportunity cost-based model is stated as fol-
lows:

min[ 3 Y A x, + Y Y P(A, -A)y,] (D

ieL feF iel veN
s. t. Zx[/+s[=ri VielLs =0 (2)
feF

Y x, =n, VfeF (3)

iel
dyu =1 VveN (4)

ielL
vo <s, VielLveN (5)
x=0 (and integer), y binary (6)

The objective function denotes that the dispatch decision
is to minimize the total costs. They include the direct and the
opportunity costs derived from the current and potential inci-
dents. Eq. (2) ensures that the number of vehicles dis-
patched from any depot must not exceed the number of serv-
ice vehicles available at the depot. Eq. (3) stipulates that the
number of vehicles dispatched to any current incident node
should meet the service vehicle requirements at that node.
Eq. (4) requires a service vehicle to be ready for dispatch in
order to provide rescue resources to potential incident at any
node in the network, whereas Eq. (5) states that such an ad-
ditional vehicle in Eq. (4) can be dispatched from a depot
only if it is available at that depot. Eq. (6) imposes integral-
ity and binary restrictions on the decision variables.

2 Scene Decomposition Algorithm

The opportunity cost-based model is a mixed-integer pro-
gramming model. The computation using the general branch-
and-bound approach increases exponentially with variable
dimensions, and more nodes, more branches. The scene de-
scribes a series of facts analyzing possible future events by
considering alternative outcomes. The decision model takes
the potential incident into consideration, so a scene decom-
position algorithm is proposed to solve the model and de-
crease the computation. The scene decomposition algorithm
consists of the following steps:

Step 1 Formation of the resource scene

The resource matrix R, is derived from m depots provi-
ding n kinds of rescue resources on expressways, such as po-
lice patrol vehicles, administration vehicles, wreckers,
cranes, ambulances and fire engines. The arbitrary element r,
in R, , means the number of the j-th kind of service vehi-
cles provided by the i-th depot. U is a set of u(u<n) kinds
of vehicles determined by the current incident levels, so the
resource scene R is a matrix by selecting u columns from

mxu

mxn*

rll rlZ rlu
r r. ... T
_ 21 22 2u
Rmxu I : : (7)
T o~ i

Step 2 Formation of the original scene and the initial
decomposed scene

For required numbers p from the g-th (g € U) kinds of res-
cue resources, it is necessary to decide which depots can pro-
vide such service vehicles. Hence, taking elements from the g-
th column of R, ,,, the original scene R, ={r,, 7, ..., 7, }

is formed. The initial decomposed scene R, is obtained by

R’ = {r;q, r;q, ...,r,lml}
1 1 riq>0 212 8
Aefo e itz ®

Step 3 Formation of the first dispatch scheme

Let the first dispatch scheme be X, = {x,,, x,,, ..., x,,, }. If
the first vehicle of the g-th kind is provided by depot i, x,,
1 and others are zero. For the sake of X, the assumptions
made above are that different kinds of service vehicles dis-
patched for the same incident are independent of each other;
a single vehicle is required to rescue one current incident that

has occurred, and every depot has one service vehicle. Ac-

cording to the hypothesis, Eq. (3) can be changed into Z X,
ieL
=1, Vf e F. Suppose that f; € F is the node at which the
current incident occurs and i, e L is the depot from which the
vehicles are dispatched, then 2 Z Ay, = 2 AyXy =Ny -
iclL feF icL
The vehicle from depot i, has been dispatched to provide
rescue services to the current incident and if serving the ad-
ditional incident v, other depots needs to be selected. As a
result, Eq. (4) can be transformed into z y., =1, Yve
we L-{iy}

N . Denote A,. as the minimum time for a vehicle dis-

patched from any depot except i, to potential incident node
v, so the opportunity cost is 2 Z‘Pv()\iv - Ay, =

ieL veN
D P(A, = A)y, = P.(A
wel-{i)} veN veN,weL-{i)}
z P,(A,, —A,) . The objective function(1) is simplified
veN
as

vli,

— /\v) =

wy

min{A,, + Y P(A,, —A,)} ©)
veN

Due to the elements whose values are 1 in R/", it is neces-
sary to determine which depots that can provide the g-th
kind of resources and induce the corresponding parameters
Aiss Ays A, into calculating Eq. (9). If the depot i satisfies
the simplified objective function, let x,, =1, and we obtain
X

vli,

"
Step 4 Formation of the process of scene decomposition
If p=2, the second vehicle of the g-th kind is needed to

be dispatched and the scene continues to be decomposed.

After obtaining the first dispatch scheme, the next scene be-
comes

R,=R -X, = {rlq =Xy s T

s by

= Xigs oees Ty —xmq} (10)

And the corresponding second decomposed scene is de-
scribed as

R, = {rfq,riq, ...,riq}
1 r, —x. >0
2 _ iq iq P
ri'?_{O ry —x, =0 i=1,2,....m (11)
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For the g-th kind of rescue resources, the second dispatch
scheme X, denotes that the second vehicle required is pro-
vided by another depot. The approaches of obtaining each
dispatch scheme are identical, so X, is also obtained by cal-
culating Eq. (9).

With the decomposed scenes R, (k=1, 2,
X,, the process of scene decomposition is

.., D) getting

R, —R —X,=R,—R, —>X2:>...:>RF—>R; —X, (12)

Step 5 Formation of the dispatch results

The series X, X,, ..., X ) constitute dispatch results of the
g-th kind of rescue resources. In the same way, the dispatch
results of u kinds of service vehicles required by incidents
are obtained.

3 A Case Study on Expressway Network

Take the expressway network around Nanjing city for ex-
ample. Hubs, interchanges and tollgates are all set nodes in
the road network. The service vehicles travel U-turn or in
upper and lower directions, so the arcs between hubs and
nodes are bi-directional and the nodes between upper and
lower roadways are linked. When rescue vehicles run at a
certain speed, dispatch decision time can be replaced by the
distance. In this case, the arcs are valued based on the actual

distance between two nodes. The evaluation of wreckers and
cranes are twice as much as police patrol vehicles and admin-
istration vehicles. The expressway network applicable to
wrecker and crane evaluation around Nanjing city is shown in
Fig. 1. The kinds and numbers of service vehicles allocated in
the depots are shown in Tab. 1. The probability of a potential
incident occurring at any key node is shown in Tab. 2.
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Fig.1 The expressway network around Nanjing city ap-
plicable to the evaluation of wreckers and cranes

Tab.1 The kinds and numbers of service vehicles in the depots

R Location Police patrol ~ Administration Wreckers Cranes
Number of depots Expressways . .
of depots vehicles vehicles 3t 8t 48 t 60 t 40 t 60 t
1 Maqun interchange Hu-Ning 2 2 1 1 1 1 1 1
2 Zhenjiang interchange Hu-Ning 2 2 1 1 1 0 1 0
3 Lukou interchange Airport 2 2 0 1 1 1 1 0
4 Lishui interchange Ning-Hang 2 2 1 0 1 1 1 1
Tab.2 The probability of a potential incident occurring Step 1  According to Tab. 1 and Tab. 3, the resource

at key nodes

Number of nodes Expressways Name P,
5 . Maqun 0.3
Hu-Ning
10 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 Gaoqiaomen 0.4
17 . Guizhuang 0.2
Ning-Hang
28 Hushu 0.5

The current incident occurs between Hushu and Shang-
fang interchange on Ning-Hang expressway. The incident
node 0 is a ten-minute distance from the Hushu inter-
change. The requirements of rescue resources are deter-
mined by the level of the incident and are shown in Tab. 3.

Based on the steps of the scene decomposition algorithm
proposed in this paper, the process of solving the dispatch
problem is shown as follows:

matrix and the resource scene are formed respectively.

Resource matrix

221 1 1 1 11
R - 221 1 1 010
712 2 0 1 1 1 1 0
22 1 01 1 1 1
Resource scene
2 2 1 1 1
221 10
Ry = 2 2 1 1 0
2 2 1 1 1

Step 2 For the wreckers of 48 t, two service vehicles
are needed to be dispatched as seen from Tab. 3. Taking el-
ements from the third column in R, ., the original scene is
R, ={1,1,1,1}. The initial decomposed scene R, = {1, 1,

1,1} by Eq. (8).

Tab.3 The kinds of numbers of rescue resources required

‘Wreckers Cranes

Police patrol vehicles Administration vehicles

3t

8t 48 t 60 t 40 t 60 t

3 2 0

0 2 0 1 1
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Step 3  According to Tab. 1, all the depots can provide
the wreckers of 48 t for the incident node 0. According to
Tab.2 and Eq. (9), the first dispatch scheme is formed.

Ay + ZPV()\M —A) = A +P(Ay —As) +
veN

PG(AGH _/\6) +P10(/\1m1 _/\m) +P17(/\17\1 _)ln) +
Pl8(A18I1 _)‘18) +P22()\22\1 _/\22) +P23(/\23\1 _/\B) +
Poy(Ayn = A5) +Pos(Asy = Ass) +Py(Ayg —Ay) =
38 +0.3 x(32 -2) +0.3 x(35-5) +0.5%x(2 -2) +
0.2%x(5-5 +0.2 x(9-9) +0.3 x(2-2) +

0.4 x(19 =15) +0.5 x (28 —6) +0.4 x (30 —-4) +
0.5 x(32 -28) =81

/\2-0 + ZPt'(A\=I2 _)\v) = 115

veN
/\3-0 + ZP\!(AVIS

veN

Ao + 2 P (A5 —A,) =46.4

veN

1) =66.3

min{,\m + z P,(A,, _)\V)} = min{81,115,66. 3,46. 4}
veN

=46.4 . Therefore, one wrecker of 48 t is dispatched from
depot 4 to rescue the current incident first, and the first dis-

patch scheme is X, = {0,0,0,1}.

Step4 R, =R, -X,={1,1,1,0} by Eq. (10), and R,
={1, 1, 1, 0} by Eq. (11). Due to the corresponding dep-
ots 1,2, and 3, the elements whose values are 1 in R, , Eq.
(9) is calculated as

/\1—0 + ZPV(ANI _/\L) = 81

veN

Ayy + zpv(/\mz -A,) =115

veN

Ao + 2 P(A,, —A) =663

veN

min{,\m + ZPV(/\M -\, } = min{81,115,66.3} =
veN

66.3. As a result, one wrecker of 48 t is dispatched from
depot 3 to serve the current incident secondly, and the sec-
ond dispatch scheme is X, ={0,0,1,0}.

Step 5 For the wreckers of 48T, X, and X, means the
two required vehicles are dispatched from depots 4 and 3 to
the current incident. For the remaining four kinds of vehi-
cles, return to step 2; otherwise, stop.

Tab.4 The dispatch results of rescue resources required

Police patrol Administration Wreckers Cranes
Number of depots . .
vehicles vehicles 3t 8t 48 t 60 t 40 t 60 t
3 1 0 0 1 0 0 0
4 2 2 1 0 1 1

As can be seen from Fig. 1 and Tab. 4, the results indi-
cate that the dispatch decision time from depots 1 and 4 to
current incident node O is approximate ( the values are 38
and 42), but the location of the current incident and depot 4
are both in Ning-Hang expressway, so service vehicles in
depot 4 should be dispatched to assist in the rescue at the
incident. As for the potential incident nodes, although the
dispatch decision time for vehicles from depot 1 to current
incident node 0 is minimum( the value is 38, and others are
90, 60,42), the total costs of depot 3 are minimum due to
the opportunity costs, which demonstrates that dispatching
the vehicles from depot 3 is more proper than doing so from
depot 1. The dispatch results in the case show that the scene
decomposition algorithm is validated in practical applica-
tions.

4 Conclusion

Dispatching the rescue resources is of major concern in
the engineering practice of traffic rescue on expressway net-
works. The dispatch decision model built by the opportunity
cost-based method is used to determine depot selection and
the kinds and numbers of service vehicles for the potential
incidents. The scene decomposition algorithm proposed can
decrease computational complexity and obtain dispatch re-
sults accurately and conveniently. The case study in this pa-
per shows that the decision model and the scene decomposi-
tion algorithm are suitable for the engineering practice of
traffic rescue resource dispatch on expressway networks.

References

[1] Chai Gan, Zhou Jiaming, Pu Juyi, et al. Design on the deci-
sion supporting system for expressway emergency rescue
[J]1. China Safety Science Journal,2007,17(5):58 —63. (in
Chinese)

Zografos K G, Androutsopoulos K N, Vasilakis G M. A real-

time decision support system for roadway network incident

response logistics [ J]. Transportation Research Part C,

2002,6(10):1 —18.

[3] Yamada Takeo. A network flow approach to a city emergen-
cy evacuation planning [J]. International Journal of Systems
Science, 1996,27(10):931 —936.

[4] Ozbay Kaan, Xiao Weihua, Iyigun Cem, et al. Probabilistic

programming models for response vehicle dispatching and

resource allocation in traffic incident management[ CD]//

The 83rd Annual Meeting Compendium of Papers CD-ROM.

Washington, DC: Transportation Research Board, 2004.

Haghani Ali, Oh Sei-Chang. Formulation and solution of a

multi-commodity, multi-modal network flow model for dis-

aster relief operations[J]. Transportation Research Part A,

1996, 30(3):231 —250.

[6] Ozbay Kaan, Bartin Bekir. Incident management simulation
[]]. Simulation, 2003,79(2): 69 —82.

[7] Liu Chunlin, He Jianmin, Sheng Zhaohan. Fuzzy program-
ming in selection of multi-depot for emergency systems[J].
Journal of Industrial Engineering, 1999,13(4):21 —24. (in
Chinese)

[8] He Jianmin, Liu Chunlin, You Haiyan. Selection of multi-
depot in emergency systems [ J]. Systems Engineering—
Theory and Practice,2001,21(11):89 —93. (in Chinese)

[2

—

[5

—



256 Chai Gan, Zhu Canghui, Wan Shui, and Pu Juyi

[9] Zhang Ying, Zhou Gang, Huang Xiyue. Simulation of rescue [10] Sherali Hanif D, Subramanian Shivaram. Opportunity cost-
model based on optimal plan [J]. Computer Simulation, based models for traffic incident response problem[J]. Jour-
2006,23(1):207 —209. (in Chinese) nal of Transportation Engineering, 1999, 125(3):176 —185.

4

BEABRTENERERENRRERNSHZE
£ T OABE F K BE—
PN

B e i A G s, iy R 210096)

FEE: h T Mok Bk N 06 P 30 BUE LA, 2 LA R AR 77 ok 3 S TR IR R RO AL I AL Ak 4% R
RIRF W 0 BAE TR AT THEFRBIEOBEESHEEMB ARG A E 8, REETSBE
HZAEB AN L TRIRIE P A A EA LR RIRIE P, REHRIBEREE R T RIES, #2 ATH BRER
Rug RAE R, R, B AT RIS R 695 A B AR R R AL MR RBUR R RE TR AR KT AL

BF WA g o R A B E T BT R B AL 5 BT R ”,1;43’3’]‘47

KW RERFBEAN R OMAE R REARBE TR ik Eg\

RE 5 ES: U491

=

o A



