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Classification Model of Traffic Emergency Response
to Urban Emergency
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Abstract: In order to respond to emergency and use emergency resources effectively by traffic
department, a quantified classification model of traffic emergency response was developed. First, the
evaluation index system was established from the two aspects: urgency of traffic response and difficulty
in traffic rescue. Next, the weights of factors for each level were determined using fuzzy analytic
hierarchy process. Then, the grade of traffic emergency response was determined using a multi-level
fuzzy comprehensive evaluation. Finally, an example was used to validate the model. The results show
that combined application between fuzzy analytic hierarchy process and fuzzy comprehensive method
effectively computes the grade of traffic response, and conveniently considers various complex factors
of treatments of urban emergency. Copyright © 2012 IFSA.

Keywords: Urban emergency, Traffic emergency, Response classification, Fuzzy analytic hierarchy
process, Fuzzy comprehensive evaluation.

1. Introduction

Traffic plays key role in treatment of urban emergency, either in evacuation or in rescue materials
transportation. It is very significant to deal with emergency and reduce loss whether transportation
department can respond rapidly and implement effective emergency plan after emergency.
Determination the grade of traffic emergency response is the premise of making pre-plan. Only if plans
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are made according to corresponding grade, the emergency resources can be use effectively and
inadequate materials or waste can be avoided.

At present, most studies pay attention on grading of emergency at home and abroad [1-8]. There are few
researches on classification of traffic emergency response. In addition, the previous researches are
qualitative, lacking of quantitative analysis. It is difficult to accurately quantify the classification of
traffic response and provide practical guidance and scientific issues.

Based on this, this paper puts forward a quantitative classification model of traffic emergency response
based on combination of fuzzy analytic hierarchy process and fuzzy comprehensive evaluation, which
has important theory significance and practical value for treatment emergency.

2. Structure of Classification Model
2.1. Determination of Evaluation Set

Overall Emergency Preplan for National Sudden Public Incidents State [9] was issued by China’s State
Council which prescribed that every type of emergency can be divided four-grade according to the
character, severity, controllability and the extent. Based on it, traffic emergency response can be divided
into four grades, namely, specifically (i), major (ii), a (iii), general (iv).

2.2. Establishment of Evaluation Index System

There are many factors which are related with grading of traffic emergency response to urban
emergency, but the principal influence factors are urgency of traffic response and difficulty in traffic
rescue after emergency. The degree of urgency of traffic response mainly embodies two aspects: severity
of incident and impact on traffic, and the more the urgency, the higher the grade. The degree of difficulty
in traffic rescue is the convenient degree provided by traffic system in the rescue, which is related with
traffic situation, traffic facilities and traffic environment around incident site, and the more the difficulty,
the higher the grade. The specific index system is shown in Fig. 1 [10].

2.3. Calculation of Weight of Index

Because of different relative significance between indexes for the upper index, each index should be
given a weight Wi to reflect this difference. An analytic hierarchy process is usually applied in
determination of weight, but in the traditional formulation of the AHP, human’s judgments are
represented as crisp values. However, in many practical cases the human preference model is uncertain
and decision makers might be reluctant or unable to assign crisp values to the comparison judgments
[11]. Having to use crisp values is one of the problematic points in the crisp evaluation process [12]. And
this method is often criticized due to its use of unbalanced scale of judgments and its inability to
adequately handle the inherent uncertainty and imprecision in the pair-wise comparison process [13]. To
overcome all these shortcomings, FAHP was used for this model.

A triangular fuzzy number A is defined by three real numbers a < b <c, and characterized by a linear
piecewise continuous membership function A(X) of the type [14].
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Fig. 1. Index system of grading of traffic emergency response.

X“C c<x<a
a-c
~ X—=Db
A(Xx) = b,asxsb (1)
a_
0, otherwise

where a is the most possible value of the fuzzy number A, and ¢ and b are lower and upper bounds,
respectively.

Firstly, the fuzzy judgment matrix is established based on triangular fuzzy number using pairing

comparison and 1-9 scaling method developed by Thomas L. Saaty [15]. For each paring comparison,
A R Ak

there are several triangular fuzzy numbers given by several experts, such as "1 , "% .. "V |
AL =(c",al" b : .
and "V 127 > 7 Then, these numbers are integrated by equation (2) [16].

— (e Q) (m
Cj —mln(cij ,Cii 5 e Gy

Ay = (c;,a;,b;)and a; = W ’ )
k=1

_ M) p@ (n)
bij —max(bij ,bij ,~--bij

k) . T . . . - .
where, % is the pessimistic assessment on relative significance between factor i and j for k' expert;
a.(.k) . . . . - - th b.(.k) .
i is the average assessment on relative significance between factor i and j for K™ expert; i is the
optimistic assessment on relative significance between factor i and j for k™ expert.
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Secondly, the value of fuzzy synthetic extent with respect to the i™ factor is calculated by the following
equations [17-18].

s ~Y A YAT 3)
iﬂ” =(iC,—,iaj,Zm:b,—)’ (4)

ii'&u :(iciaiaiaibi)’ (5)

==l >h Zn:ai ’Zci (6)
Thirdly, the weights of indexes can be calculated by the following steps.

Step 1: the degree of possibility of A, =(c,,a,,b,) > A =(c,,a,,b,)is defined as:

l,a, >a,
V(z‘z 2 E‘l): hgt(z‘l ﬂﬂz) =40,¢c, 2b, (7)
Cl_bz

—— L =2 otherwise
(az _bz)_(al _c])

Step 2: the degree possibility for a convex fuzzy number to be greater than k convex fuzzy numbers
Z\i (i=12,---k) can be defined by:

V(A= ALA,,--A)=minV(A>A),i=12,-k, (8)
Step 3: W' =(minV(S, = S,),minV(S, >S,),minV(S, >S,))" is the weight vector for k=1, 2..n. After

normalization, the normalized weight vector can be calculated as W.

2.4. Fuzzy Evaluation of Single Factor

After determination of weights of each factors, evaluation object will be quantified, namely, the
membership degree that evaluation object belongs to each grade in terms of each single factor will be
determined, thus, the fuzzy relationship matrix is obtained[19].

R/Ul TR (PR
e T L ©)
R/Um rml rm2 rmk mxk

The element Iy in Row m /Column k in matrix R is the membership degree that evaluation object is
evaluated Vi class in terms of single factor Uy,. The gravity method is used to determine the membership
function [20], namely, Iy =d;/d, d is the total number of experts; d; is the number of experts who evaluate
the index Uy, into Vi grade; m denotes the number of indexes, k expresses the grade (k=4). The evaluation
standard of each factor is shown in Table 1.
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Table 1. Evaluation standard of each factor.

Evaluation grade

Factors | T 1 v

Event time Peak time on After Off-peak time Earlier
day midnight on day night
Duration time/h >24 [12, 24] [3, 12] <3
Influence range (radius/km) N
(hazardous materials) 225 [10,25] (4, 10] <4
f)‘;%‘f;;ie range (radius/m) (fire | 5, [1000, 5000] [500, 1000] <500
Number of people in danger >1000 [500, 1000] [100, 500] <100
Spread speed very fast fast general slow
Control ability very weak weak strong very strong
Degree of traffic disturbance .trafﬁ'c serious congestion driving slowly
disruption congestion

Change of volume(ratio of
increased volume and initial >80 % [50 %, 80 %] [20 %, 50 %] <20 %
volume)
Remained lane capacity(ratio of
remained lane number and <20 % [20 %, 50 %] [50 %, 80 %] >80 %

initial lane number )

area enclosed by area enclosed by

Emergency traffic control range total area next adjacent . main rescue road
adjacent road
road
Network connectivity bad general well very well
Network accessibility very low low high very high
Perfection of signs and
markings not perfect more perfect perfect very perfect
. . . . accurate and
Installation of traffic induction 1nformat10n r'ather tlmely . t1me1y. timely
in delay information information . .
information
Other information issue issue pattern | . . . . issue pattern is
. . issue pattern is 3 | issue pattern is 4
equipments is less than 2 more than 5
Traffic order extrgordlnary disorder rather disorder General
disorder
N super . .
Traffic flow situation . saturation high volume Few volume
saturation
Visibility (m) <50 [50, 100] [100, 200] >2 00
Surface condition show of surface water wet dry
frozen

2.5. Multi-grade Fuzzy Comprehensive Evaluations

The index system is established in three grades in above, so the three-grade fuzzy comprehensive
evaluation method is used in the model.

1) Firstly evaluation: it is a fuzzy evaluation of indexes such as severity degree of incident and influence
on traffic etc.

First, the membership of tertiary indexes can be gained by evaluation of single factor, so the evaluation
vector is expressed by:
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Rsim = [rsimlﬂrsim2=rsim3=rsim4], (10)

where I 1s the membership degree of grade V; that evaluation object is evaluated; s is the number of
first class index (s=1, 2); i is the number of secondary index under the same first class index i=1, 2 ...p,
(p=2, 4); m is the number of tertiary index under the same secondary index m=1, 2 ...n, (n=2, 3, 4, 5).

Then the fuzzy comprehensive evaluation matrix is:

r-si 11 IFsi 12 IFsi 13 r-si 14

R = rsi21 Ifsi22 rsi23 rsi24
si . . . .

(1)

I’-siml I’-simz rsim3 r

sim4
b

So, the fuzzy vector of the secondary indexes can be obtained by fuzzy calculation of weight vector of
influence factors and evaluation vector of each factor. (Equation (12)).

I I r r

sill sil2 sil3 sil4
si © M _(\Nsn’ si2s" "7 sim) : . . : _( si12Msi2 > Msiz o si4)_ Si s (12)
rsiml rsim2 rsim3 rsim4

where Wgin, 1s the weight of tertiary indexes.

2) Secondly evaluation: it is a fuzzy evaluation of two indexes such as urgent degree of traffic response
and difficult degree of traffic rescue.

Likely as the firstly evaluation, the secondly evaluation is done by fuzzy calculation of weight vector of
lower indexes and evaluation vector obtained by firstly evaluation. (Equation (13))

by By by by
b b b b
W, o Ry = (W, Wy, W) S;21 5122 S:23 3124 = (by,,b,,,b3,b,) = B, (13)

b bsi2 bsi3 bsi4

sil
where Wy 1s the weight of secondary indexes.

3) Thirdly evaluation: it is a comprehensive evaluation of grading of traffic emergency response that is
done by fuzzy calculation of weight vector of urgent degree of traffic response and difficult degree of
traffic rescue and evaluation vector is obtained by secondly evaluation. (Equation (14))

bll b12 b13 b14

WoR= W
W 2){% b, b, by,

}:(b17b27b37b4):B, (14)

2.6. Analysis of Result
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According to the principle of maximum membership degree, the maximum value of thirdly evaluation
vector is selected and the evaluation grade is obtained.

3. Case Analyses

3.1. Background of Incident

At 8:45 am, on July 12, 2011, there was a fire in a factory which happened in technical industry park in
Wuhan economic development zone. The site of the fire is a warehouse in the first floor, and office and
staff dormitory are in the second floor. When the fire broke up, most of people could escape except about
ten people including two children. The burned areas are 1000 m”. Many plastic products that would

release toxic gas after combustion were in the warehouse. At that time, the traffic situation was well and
road traffic facilities were perfect.

3.2. Judgment of Grade

3.2.1. Calculation of Weight of Index

According the above method of calculation of weights based on FAHP, the weights of each index are as
follows.

1) The weight of tertiary indexes:

W,, =(0.071,0.056,0.458,0.251,0.164)
W,, = (0.181,0.461,0.278,0.080)

W,, = (0.488,0.512)

W,, = (0.184,0.615,0.201)

W,, = (0.316,0.684)

W,, = (0.3,0.7)

2) The weight of secondary indexes:

W, =(0.792,0.208)
W, =(0.436,0.021,0.338,0.205)

3) The weight of first class indexes:

W =(0.637 0.363)

3.2.2. Fuzzy Comprehensive Evaluation and Judgment of Grade
1) Evaluation of single factors

The evaluation vector matrixes are gotten through analyzing each factor.
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2) Firstly evaluation

Firstly evaluation vectors are gotten according to evaluation vector matrixes of single factors and their
weights.

Evaluation vectors of severity degree of incident:
B,, =(0.4554 0.0530 0.3542 0.1374)
Evaluation vectors of impact on traffic by incident:
B,=(0 0 0.3385 0.6615)
Evaluation vectors of access capability of road network:
B, =(0 0 0.0976 0.9024)
Evaluation vectors of traffic management condition:
B,, =(0.1230 0.6126 0.1356 0.1288)
Evaluation vectors of traffic situation:
B,,=(0 0 0.0632 0.9365)
Evaluation vectors of traffic environment:
B,=(0 0 0 1)
3) Secondly evaluation
Evaluation vectors of urgent degree of traffic response:
B, =(0.3607 0.0420 0.3509 0.2464)
Evaluation vectors of difficult degree of traffic rescue:
B, == (0.0026 0.0129 0.0668 0.9177)
4) Thirdly evaluation
Comprehensive evaluation vectors of grading of traffic emergency response:

B =(0.2307 0.0315 0.2477 0.4901)
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4. Conclusions

Determination of grade of traffic emergency responding is the important premise on response rapidly
and allocating resource effectively by traffic department and improving rescue efficiency. In this paper,
evaluation index system was established based on urgent degree of traffic response and difficult degree
of traffic rescue, and the weights of indexes are computed by FAHP. Finally, classification model of
traffic emergency response was proposed using fuzzy comprehensive evaluation, which will provide
certain basis for making traffic emergency plan.

However, the grade of traffic emergency response may change after implementing preplan, which
belongs to dynamic grading. How to consider the dynamic relationship between preplan and grading of
traffic emergency response will be a major focus for future research. In addition, the rationality of
judgment criteria of each factors needs to be verified.

Acknowledgements

This research was supported by the National Soft Science Research Plan (Project No.: 2010GXS5D237),
the People’s Republic of China.

References

[1]. J. I. Xuewei, WENG Wenguo, N. I. Shunjiang, FAN Weicheng, Warning classification model for public
emergencies, Journal of Tsinghua University, Vol. 48, Issue 8, 2008, pp. 1252-1255.

[2]. WANG Fu, L. L. Jie, S. H. I. Yonghui, Research on Grading of Traffic Response and Traffic Organization
Countermeasure for Urban Emergency, Journal of Transportation Enterprise Management. Vol. 24, Issue 8,
2009, pp. 3-4.

[3]. W. U. Xingchun, Research on Urban Traffic Emergency Management under Emergency, Master's Thesis,
Xi’nan Transportation University, Chengdu, China, 2010.

[4]. W.U. Yanhua, Research on Strategy of Emergency Traffic Evacuation, Master's Thesis, Tongji University,
Shanghai, China, 2009.

[5]. YANG Xiaokuan, Application and Method of Emergency Traffic Plan for Emergency, China Building
Industry Press, 2010.

[6]. SONG Shasha, DAI Feng, A research of emergency classification based on fuzzy AHP and cluster analysis,
Scientific Decision-Making, Vol. 10, 2010, pp. 68-72.

[7]. Thomas, Richard Dean, Lu, Po-Yung, The development of emergency response values, 1% Joint Emergency
Preparedness and Response/Robotic and Remote Systems Topical Meeting, 2006, pp. 424-430.

[8]. Brown, David F., Dunn, William E., Application of a quantitative risk assessment method to emergency
response planning, Computers and Operations Research, Vol. 34, Issue 5, 2007, pp. 1243-1265.

[9]. Overall Emergency Preplan for National Sudden Public Incidents, State Council, 2006.

[10].H.E. Ya-Qin, L. L. Jie, Research on Evaluation Index System for Traffic Emergency Response Grading for
Urban Emergency, Journal of Highway and Transportation Research and Development, Vol. 29, Issue 6,
2012,
pp. 116-121.

[11].F. T. S. Chan, N. Kumar, Global supplier development considering risk factors using fuzzy extended
AHP-based approach, International Journal of Management Science, Vol. 35, 2007, pp. 417-431.

[12].Wang, T. C., and Chen, Y. H., Applying consistent fuzzy preference relations to partnership selection.
International Journal of Management Science, Vol. 35, 2007, pp. 384-388.

[13].Deng, H. Multicriteria analysis with fuzzy pair-wise comparison, International Journal of Approximate
Reasoning, Vol. 21, 1999, pp. 215-231.

[14].L. Mikhailov, P. Tsvetinov, Evaluation of services using a fuzzy analytic hierarchy process, Applied Soft
Computing. Vol. 5, 2004, pp. 23-33.

[15].Saaty, T. L., The analytic hierarchy process, McGraw-Hill, New York, 1980.

177



Sensors & Transducers Journal, Vol. 16, Special Issue, November 2012, pp. 169-178

[16].Masoud Zare Naghadehi, Reza Mikaeil, Mohammad Ataei, The application of fuzzy analytic hierarchy
process (FAHP) approach to selection of optimum underground mining method for Jajarm Bauxite Mine,
Iran Expert Systems with Applications, Vol. 36, 2009, pp. 8218-8226.

[17].Chang D. Y., Extent Analysis and Synthetic Decision, Optimization Techniques and Applications, World
Scientific, 1992, pp. 352.

[18].Chang, D. Y. Applications of the extent analysis method on fuzzy AHP, European Journal of Operational
Research, Vol. 95, 1996, pp. 649-655.

[19].Du Dong, Pang Qinghua, Modern Comprehensive Evaluation Methods and Case Selection, Tsinghua
University Press, Beijing, 2005.

[20].Xie Jijian, Liu Chengping, Application and Method of Fuzzy Mathematic (3" edition), Huazhong University
of Science and Technology Press, 2005.

2012 Copyright ©, International Frequency Sensor Association (IFSA). All rights reserved.
(http://www.sensorsportal.com)

Inertial Combo Sensors for Consumer & Automotive

Promoted

Technology, Applications, Industry & Market Report it
This report is focused on the analysis of the opportunities
and the challenges for inertial combo sensors in those high-volume
market areas.

http:/ /www.sensorsportal.com/HTML/Inertial_Combo_Sensors_Market.htm

o
R Acreheng 30 Gyro
I meler

Uncooled Infrared Imaging Market:
Commercial & Military applications

Promoted

Market & Technology Report by
to 2016 IFSA
This new 2011 IR report, is an updated and in depth analysis

of commercial markets covered in the 2010 report in addition
we have included a new analysis of the military markets.

http:/ /www.sensorsportal.com/HTML/Detectors_for_Thermography.htm

o> (ol

BAE FLIR



http://www.sensorsportal.com/HTML/Inertial_Combo_Sensors_Market.htm
http://www.sensorsportal.com/HTML/Detectors_for_Thermography.htm

Handbook
Handbook of Laboratory Measurements

of Laboratory Measuremants

and Instrumentation an d I nstru me ntatlﬂn

Maria Teresa Restivo
Fernando Gomes de Almeida
Maria de Fatima Chouzal
Joagquim Gabriel Mendes
Antdnio Mendes Lopes

The Handbook of Laboratory Measurements and Instrumentation presents
experimental and laboratory activities with an approach as close as possible
to reality, even offering remote access to experiments, providing to the reader
an excellent tool for learning laboratory techniques and methodologies.
Book includes dozens videos, animations and simulations following each
of chapters. It makes the title very valued and differant from existing books
on measurements and instrumentation.

[
International Freguency Sensor Assoclation Publishing

Order online:
http://www.sensorsportal.com/HTML/BOOKSTORE/Handbook_of Measurements.htm

International Frequency Sensor Association (IFSA) Publishing

Digital Sensors and Sensor Systems: Practical Design
Sergey Y. Yurish

The goal of this book is to help the practicians achieve the best metrological and technical
parformances of digital sensors and sensor systems at low cost, and significantly to reduce
time-to-market, It should be also useful for students, lectures and professors to provide a
solid background of the novel concepts and design approach.

Book features include:

® Each of chapter can be used independently and contains its own detailed list of
e references
Digital Sensors L an-_io-—repe-m experiments

_d Sensor Gystens: ® Practical orientation _ :
g | Deslgn ® Dozens examples of various complete sensors and sensor systems for physical and
e e chemical, electrical and non-electrical values
® Detailed description of technology driven and coming alternative to the ADC  a

frequency (time)-to-digital conversion

Formats: printable pdf (Acrobat) Digital Sensors and Sen;a." Systems: Practical Design will greally. benefit undergraduate
and print (hardcover), 419 pages and at PhD students, engineers, scientists and researchers in baoth mdus:ry_:—‘md a-::a!:iemua.

It is especially suited as a referance guide for practicians, working for Original Equipment
ISBN: 978-84-616-0652-8, Manufacturers (OEM) electronics market (electronics/hardware), sensor industry, and
e-|SBN: 978-84-615-6957-1 using commercial-off-the-shelf components



http://www.sensorsportal.com/HTML/BOOKSTORE/Handbook_of_Measurements.htm
http://www.sensorsportal.com/HTML/BOOKSTORE/Digital_Sensors.htm

Sensors & Transducers Journal /

V'

Guide for Contributors

Aims and Scope

Sensors & Transducers Journal (ISSN 1726-5479) provides an advanced forum for the science and technology
of physical, chemical sensors and biosensors. It publishes state-of-the-art reviews, regular research and
application specific papers, short notes, letters to Editor and sensors related books reviews as well as
academic, practical and commercial information of interest to its readership. Because of it is a peer reviewed
international journal, papers rapidly published in Sensors & Transducers Journal will receive a very high
publicity. The journal is published monthly as twelve issues per year by International Frequency Sensor
Association (IFSA). In additional, some special sponsored and conference issues published annually. Sensors &
Transducers Journal is indexed and abstracted very quickly by Chemical Abstracts, IndexCopernicus Journals
Master List, Open J-Gate, Google Scholar, etc. Since 2011 the journal is covered and indexed (including a
Scopus, Embase, Engineering Village and Reaxys) in Elsevier products.

Topics Covered

Contributions are invited on all aspects of research, development and application of the science and technology
of sensors, transducers and sensor instrumentations. Topics include, but are not restricted to:

e Physical, chemical and biosensors;

e Digital, frequency, period, duty-cycle, time interval, PWM, pulse number output sensors and
transducers;

Theory, principles, effects, design, standardization and modeling;
Smart sensors and systems;

Sensor instrumentation;

Virtual instruments;

Sensors interfaces, buses and networks;

Signal processing;

Frequency (period, duty-cycle)-to-digital converters, ADC;
Technologies and materials;

Nanosensors;

Microsystems;

Applications.

Submission of papers

Articles should be written in English. Authors are invited to submit by e-mail editor@sensorsportal.com 8-14
pages article (including abstract, illustrations (color or grayscale), photos and references) in both: MS Word
(doc) and Acrobat (pdf) formats. Detailed preparation instructions, paper example and template of manuscript
are available from the journal’s webpage: http://www.sensorsportal.com/HTML/DIGEST/Submition.htm Authors
must follow the instructions strictly when submitting their manuscripts.

Advertising Information

Advertising orders and enquires may be sent to sales@sensorsportal.com Please download also our media kit:
http://www.sensorsportal.com/DOWNLOADS/Media_Kit 2012.pdf


http://www.sensorsportal.com/

aemes

Intlemational Fraquancy Sansor Association Publishing i

ADVANCES IN SENSORS:
REVIEWS

Sergey Y. Yurish
Editor

Modern Sensors, Transducers
and Sensor Networks

Modern Sensors, Transducers and Sensor Networks is the
first book from the Advances in Sensors: Heviews book
=enes containg dozen collected sensor related state-of-
the-art reviews written by 31 internationally recognized
experts from academia and industry.

Built upon the series Advances in Sensors: Reviews - a
premier sensor review source, the Modern Sensors,
Transducers and Sensor Nelworks presents an overview
of highlights in the field. Coverage includes current
developments in sensing nanomaterials, technologies,
MEMS sansor design, synthesis, modeling and
applications of sensors, transducers and wireless sensor
networks, signal detection and advanced signal
processing, aswell as new sensing principles and meathods
ufrm—:;—:ﬁurt—rrr1:—:r115.

Modern Sensors, Transducers and Sensor Networks s
intended for anyone who wants to cover a comprehensive
range of topics in the field of sensors paradigms and
developments. It provides guidance for technology solution

£ & developers from academia, research institutions, and
industry, providing them with a broader perspective of
- sensor science and industry

Order online:
http://sensorsportal.com/HTML/BOOKSTORE/Advance_in_Sensors.htm

www.sensorsportal.com



http://www.sensorsportal.com/HTML/BOOKSTORE/Advance_in_Sensors.htm

