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abstract: Traffic environment quality assessment method and application are researched
associated with Anshan City's Comprehensive Transportation Planning Project, applying
Multistage Fuzzy Comprehensive Assessment and Fuzzy Clustering Analysis in this paper.
The major works are as following: set up an assessment system, determining assessment
criteria, the formulae of subordination function, allocating weights, modeling and program
design, and example analysis.

1. INTRODUCTION

How to give an objective and scientific assessment of urban traffic environment quality is an
important question for the developing countries. China has just begun to do some work in
this field, and most of which are limited in analyzing the existing state of traffic environment
qualitatively. This thesis has associated with Anshan City's Comprehensive Transportation
Planning Project, applying Multistage Fuzzy Comprehensive Assessment and Fuzzy
Clustering Analysis, and with the using of computer, calculating out a series of quantitative
results of Anshan city from 1988 to 1993.

2. ELEMENTS ANALYSIS AND ASSESSMENT INDEX SYSTEM

Traffic environment pollution includes primly two aspects, automobile tail gas and noise.
As showing in many references, seventy percent to eighty percent of air pollution in Europe
and America countries is from automobile tail gas. Vehicle noise is the major source of
noise pollution in urban area.

According to the Air Environment Quality Standard of China (GB3095-82) and the Urban
Area Environment Noise Standard of China (GB3096-82), two groups of assessment
subsystems, eight assessment indexes are selected to be used in urban traffic environment
quality evaluation. The factors of air pollution are CO, SO», NOy, TSP, dust. Three noise

factors are Leg, L10,Lgg(see Fig.1).

3. MULTISTAGE FUZZY COMPREHENSIVE ASSESSMENT METHOD

The works using multistage fuzzy comprehensive assessment method to assessment urban
traffic environment qualities include: set an assessment system (as above, see Fig.1),
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determining assessment criteria, the formulae of subordination function, allocating weights,
etc.

Assessment Factor Set
U={U(air pollution),U7(noise pollution)} (1)
U1={u11(C0),u12(S02),u13(NOx),u14(dust),u1 5(TSP)} ()
Up={u21(Leq),u22(L10):u23(Loo)} ©)

(ffic Environment Q@

air pollution oise pollutio

Fig 1. Urban Traffic Environment Assessment System

Assessment Classification and Its Criteria

According to the national environment standard and international experience, each index
was classified five levels, such as: excellent, good, ordinary, poor, bad. The each level's
assessment criterion of the indexes were determined by experts of environment engineering
and traffic engineering.

V={V1(excellent),Vo(good),V3(ordinary),V 4(poor),Vs(bad)} 4)

Level "excellent" indicates advanced environment quality in west, and is the first class
environment quality standard in China. Level "good" indicates more advanced level in
China, and is lower than the first class and higher than the third class environment quality
standard in China. The situation lower than the third class standard is considered as "poor" or
"bad". Each level's assessment criteria of each environment factor D1 to D5 are showed as

table 1.
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Tab.1 The Assessment Criterion of Traffic Environment Quality

Traffic Environment Quality Evaluation

Criterion Levels | CO SO, NOy | Dust TSP 155 Lio Loo
D1(Excellent) 3.00 0.02 0.05 5.00 0.15 50 55 45
D(Good) 3.50 0.10 0.07 8.00 0.20 55 60 50
D3(Ordinary) 4.00 0.15 0.10 15.00 0.30 60 65 55
Dy4(Poor) 4.50 0.20 0.13 20.00 | 0.40 65 70 60
D5(Bad) 5.00 0.25 0.15 40.00 0.50 70 75 65

2005

Note: the unit of CO,S02,NOyand TSP is mg/ms, the unit of dust is t/kmz,noise unit is dB(A).

The Formulae of Subordination Function

The value of subordination of each factor relative to five assessment levels can be described
quantitatively by a set of formulae of subordination functions as following:
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OD Osx=<D:s
ws(x) = ;s__ D: Ds<x < Ds 9)
1 x=D:s

Weights Allocation and Fuzzy Assessment Model

The weight of assessment factors was determined as two levels. These Weights were also
determined by experts of environment engineering and traffic engineering, while at the same
time considering the references of similar cities.

A ={A1(0.4), A2(0.6)} (10)
A1={A11(0.3), A12(0.15), A13(0.1), A14(0.3), A15(0.15)} (11)
A2={A21(0.25), A2(0.35), A23(0.40)} (12)

The first stage assessment matrices of single factor, R1, Ry are:

ri riz ris ria ris
ri2i ri2 ri ria ri2s

Ml: o000 o0

risi ris2 ris3 ris4 riss

ran ra1n ras ras ras
Rz___ ra1 ra r2s  ras ras

ra ra: ras ra4 ras

rij = Wi(x) k=12i,j=12,5;
{2, s, s, psy = { e, e, e, U, Lo}t

The first stage fuzzy comprehensive assessment indices, B;,B; are:

Bi= AiR=(B11 Bi2 Bis Bis Bis) (13)
B2= AoR:=(B21 B2 B2 Bos Bos) (14)

Ll ke,

There, two fuzzy algorithms are used, that is M(v, A) and M(ja, @). Thus, the second stage
assessment matrices of single factor R and fuzzy comprehensive assessment B’ can be

determined.

. . A1 R
B =AR =(A1A2) 4 R

] =(by, bz, b3, bs, bs) 15)
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Final, the fuzzy comprehensive assessment result can be made.
w=B'C" (16)

CT is the standard matrix to adjust assessment results to numbers between 50-100.So we can
make more direct judgment. We have developed a practicable software of urban traffic
environment quality analysis applying multistage Fuzzy comprehensive method.

Case Study

The case study had been made combining with Urban Comprehensive Transportation
Planning of Anshan City (1994-2010) in 1994. Anshan is the largest steel city located
northeast China. Fourteen main roads were selected as the samples of the traffic
environment quality assessment. The volume of three noise indexes and five air pollution
indexes of these roads from 1988 to 1993 were collected based upon the environment survey
data of the city. Based upon the data, and applying the dual stage comprehensive fuzzy
assessment method, the evaluation values of each year's main lines were got(showed as
table 2).Fig.2 represents the road net map of Anshan city.

Fig 2. Road Net Map of Anshan City
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Tab. 2 The Value of Road Traffic Environment Quality of Anshan City

Road  Name 1988 1989 1990 1991 1992 1993
Jian Guo Road 57.71 (14)|57.75 (14) |56.83 (14) |53.33 (14)[53.02 (14)[53.22 (14)
Sheng Li Road 62.86 (8) |59.85 (6) [60.13 (7) [62.32 (7) [62.22 (6) [63.57 (4)
Zhong Hua Road 65.43 (5) |63.57 (2) |63.45 (2) |65.64 (2) [61.51 (4) |64.31 (2)
Yuan Lin Road 63.00 (7) [59.85 (7)[59.55 (10)|61.71 (8)[62.00 (7) [6227 (7)
Shuang Shan Road 66.55 (1) [65.39 (1)|61.66 (4)|63.85 (3)|65.94 (2) |63.23 (6)
Qian Jin Road 59.20 (10)[58.07 (11)|[57.62 (13)|57.71 (12)|55.56 (11)|54.09 (12)
Tian Dong Er Dao Road |60.04 (9) [58.50 (10)[58.48 (11)[58.57 (11)[55.56 (12)[54.09 (13)
Wau Yi Road 65.53 (4) |61.20 (4) |62.66 (3) |62.74 (5) |58.64 (8) |54.47 (10)
Jian Shen Road 65.93 (2) |59.85 (8) [6127 (5) [6327 (4)[63.05 (5)[63.95 (3)
Jian Fang Road 63.61 (6) [59.85 (9) [60.41 (6) [62.60 (6) [67.76 (1) [64.41 (1)
Min Shen Road 58.76 (13)[58.07 (12)|59.82 (9) |59.82 (10)|56.22 (9) |56.44 (8)
Ren min Road 59.15 (11)(58.07 (13)|60.02 (8) |60.10 (9) |56.08 (10)|55.81 (9)
Xing Sheng Road 65.57 (3) |60.33 (5) |63.85 (1) |66.04 (1)|65.77 (3) |63.36 (5)
Huan Gang Road 58.77 (12)[63.03 (3) [58.22 (12)[54.72 (13)[54.27 (13)|54.42 (11)

Note :The number in brackets indicates the position of that road among 14 main roads.

On historic analysis, as table 2 showed, traffic environment quality of fourteen main lines
tends down. There were five roads being poor or bad traffic environment quality in 1988,
otherwise up to seven roads in 1993. On horizontal analysis, the assessment results showed
that the worst roads in 1993 were Jian Guo Road, Qian Jin Road, Tian Dong Er Dao Road,
Wu Yi Road, Min Shen Road, Ren Min Road, and Huan Gang Road. These roads are located
in dense residential area, business center, cultural or government area. So their impact is

very serious.

4. FUZZY CLUSTERING METHOD

As a same case, Anshan's urban traffic environment quality was assessed using fuzzy
clustering analysis method. The factors and the data used in case study were same as above.

Fuzzy Clustering Analysis Modeling

Fuzzy clustering analysis includes three main steps as following:

Step 1 Normalizing the sample data. Set
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XX}
Xom—
— (17)
There ,
— 1<\ —
X'e=—) Xk (18)
n &
1< ' J,)\2
o = ;z(Xk—Xk) (19)
X' is the original value of k environment index of i road.
Step 2 Calculating the similar matrix using included angle cosine method.
Xi - X;
ri=— 2 exp( S ’) ) (20)
Step 3 Madding the equal matrix through fuzzy clustering.
R®=R°R =(rij(2))pif\p (21)
rij(2)=min{1, 2 I'ikl'jk} (22)
=1
B(“)=B(2) ° B(Z) (23)
R° =R¥=R*"V=((R) (24)

Thus, a clustering size A(0= A <1) will be determined as the clustering criterion according

to clustering requirement. According to the clustering criterion and the equal matrix R°={r;;},
the clustering results can be determined.

Case Study

Based upon the fuzzy clustering analysis method as above, a computer software had been
developed , and Anshan’s traffic environment quality clustering of fourteen roads (using
1993’ data) had been worked out. The clustering results are shown as tab. 3 to tab 5. Based
upon the results showed as table 5, fourteen roads can be classified into three categories:
I: {3,4,6,9,13}

This category includes Zhong Hua Road, Yuan Ling Road, Shuang Shan Road, Jian Sheng
Road, and Xing Shen Road. These roads have relative good environment quality because of
their location far from industrial area and less traffic volume.
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uality Similar Matrix of Anshan’s Fourteen Roads

road | 1 2 3 4 5 6 7 8 9 10 11 12 13 14
1 11.00[/0371050]0.56|0.58|0.86]0.85|0.85]0.85]0.53|0.38|0.78 | 0.58 | 0.98
2 1037/1.00/0.11]0.82]0.50|0.44|0.51]0.34|0.24 [ 0.98|0.04 | 0.18 | 0.88 | 0.18
3 [050/0.11/1.00|0.67]0.92]0.61|0.45]|0.44]0.98|0.12 | 0.40 | 0.22 | 0.80 | 0.40
4 [056(0.821067|1.00/0.910.88|0.64]0.51|0.75]0.80]0.26 | 0.27 | 0.98 | 0.38
5 [0.5810.50]092(0.91|1.00]0.70|0.60|0.52|0.96 | 0.47|0.36 [ 0.26 | 0.97 | 0.42
6 |0.86/044|061|0.68|0.70|1.00|0.98|0.97|0.64|0.44|0.88 |0.87]0.71 | 0.80
7 10.85/0.51]0.45|0.64]0.60|0.98|1.00|0.98|0.50|0.50|0.88|0.91]0.64 [0.79
8 [0.851034(0.44]0.51|0.52]0.97(0.98|1.00]0.46|0.34]0.95|0.96|0.53 | 0.82
9 1053/0.24(098|0.75]/0.96|0.64|0.50|0.46|1.00|0.21]0.39|0.23 | 0.87 | 0.41
10 103610.98/0.12(0.80|0.47|0.44|0.50|0.34|0.21|1.00|0.04|0.19 ] 0.66 | 0.19
11 [0.7810.04 [ 0.40|0.28 | 0.36|0.88 | 0.38 | 0.95 | 0.39 | 0.04 | 1.00 | 0.97 | 0.32 | 0.81
12 10.7710.18{0.22|0.27|0.26 | 0.87 1 0.91]0.96 | 0.23 | 0.19 | 0.97 | 1.00 | 0.27 | 0.79
13 |10.580.68|0.80|0.98]0.97|0.71]0.64|0.53]0.87]0.66|0.32|0.27 | 1.00 | 0.41
14 1098]0.19(0.40|0.38]|0.42|0.80]0.79]0.82]0.41]0.19]0.81]0.79 | 0.41 | 1.00

Tab. 4 The Environment Quality Equal Matrix of Anshan’s Fourteen Roads

road | 1 2 3 4 5 6 7 8 9 10 11 12 13 14
1 [1.00(0.7110.71]0.7110.71 | 0.86 | 0.86 | 0.86 [ 0.71 | 0.71 | 0.86 | 0.86 | 0.71 | 0.98
2 107111.00(0.82(0.82|0.82{0.71]0.71]0.710.82]0.98|0.71]0.71]0.82 | 0.71
3 10.71/0.82(1.00[097]097{0.71{0.71]{0.71]0.98|0.82]0.71|0.71]0.97 | 0.71
4 107110.82(097(1.00|097]0.71]0.71]0.71{0.97]0.82]0.71]0.71]0.98 | 0.71
5 (0711082(097(1097(1.00]0.71{0.71]0.7110.97{0.82(0.71|0.710.97 | 0.71
6 |086/0.71(0.71({0.71]0.71|1.00][0.98{0.98]0.71]0.71]0.96|0.96]0.71 | 0.86
7 1086/0.71(0.71[0.71]0.71 {098 |1.00|0.98]0.71|0.71]0.96|0.96 | 0.71 | 0.86
8 |086/0.71(0.71{0.71]0.71]0.98|0.98|1.00]0.71|{0.71]0.96|0.96|0.71 | 0.86
9 [071/0.82(098(097]097|{0.71]0.71{0.71]1.00]0.82]0.71|0.71]0.97|0.71
10 10.7110.98|0.82|0.82]0.82]0.71]0.71]0.710.82]1.00]0.71] 0.71 | 0.82 | 0.71
11 |0.86]0.7110.71(0.71][0.71{0.96 | 0.96 | 0.96 | 0.71 | 0.71 | 1.00 | 0.97 | 0.71 | 0.86
12 10.860.7110.71 {0.71 [ 0.71 [ 0.96 | 0.96 | 0.96 | 0.71 | 0.71 [ 0.97 | 1.00 | 0.71 | 0.86
13 |0.7110.82(097(098]0.97]0.71]0.71{0.71]{0.97 | 0.82|0.71]0.71 | 1.00 | 0.71
14 1098]0.7110.71{0.71]0.71|0.86|{0.86 | 0.86|0.71 | 0.71 | 0.86 | 0.86 | 0.71 | 1.00

II: {2, 10}

This category includes Sheng Li Road and Jian Fang Road. These two roads are near by
industrial area and transportation infrastructure, and have larger traffic volume, so their air

and noise pollution are more serious.
III: {1, 6,7, 8,11, 12, 14}

This category includes Jian Guo Road, Jian Jin Road, Tian Dong Er Dao Road, Wu Yi Road,
Min Shen Road,Ren Min Road, and Huan Gang Road. These roads are the worst roads in

traffic pollution. The noise and air pollution values are overloaded seriously.
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Tab. 5 The Environment Quality Clustering Matrix of Anshan’s Fourteen Roads

road | 1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14
1 1 0 0 0 0 1 1 1 0 0 1 1 0 1
2 0 1 0 0 0 0 0 0 0 1 0 0 0 0
3 0 0 1 1 1 0 0 0 1 0 0 0 1 0
4 0 0 il 1 1 0 0 0 1 0 0 0 1 0
5 0 0 1 1 1 0 0 0 1 0 0 0 1 0
6 1 0 0 0 0 1 1 1 0 0 1 1 0 1
7 1=0 0 0 0 1 1 1 0 0 1 1 0 1
8 1 0 0 0 0 1 il 1 0 0 1 1 0 1
9 0 0 1 1 1 0 0 0 1 0 0 0 1 0
10 | O 1 0 0 0 0 0 0 0 1 0 0 0 0
11 1 0 0 0 0 1 1 1 0 0 1 1 0 1
12 1 0 0 0 0 1 il 1 1 0 1 1 0 1t
13 0 0 1 1 it 0 0 0 1 0 0 0 1 0
14 1 0 0 0 0 1 1 1 0 0 1 1 0 1

5. CONCLUSIONS

It is an important new question that urban traffic environment evaluation in the fields of
urban transportation planning and urban environment project planning for developing
countries. In this thesis, the question is explored based upon multistage fuzzy comprehensive
assessment method and fuzzy clustering analysis method. The index system, standard, and
weight factors of traffic environment quality are proposed. The formulate of subordination
function and the models of the assessment system are presented. Finally, through an
application example at Anshan City, it is shown that the works done in this thesis is
significant.
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