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With the continuous urbanization in China, the number of private cars has grown rapidly in
urban areas, leading to increasingly prominent road congestions. Urban road networks are
wide but sparse, which can easily cause congestion. To tackle with this problem, the State
Council proposed the idea of “open residential community” in 2016, which is to connect
the roads within the residential community with external roads to densify the road networks
and increase the area of branch roads, so as to mitigate urban road traffic pressure. In order
to study the impacts of open residential communities on the traffic capacity of surrounding
roads, this paper first establishes an evaluation indicator system for road traffic using a
number of factors such as traffic density, traffic delay time, number of intersection conflicts,
road congestion rate and road accessibility based on the analytic hierarchy process (AHP)
theory, and also builds a fuzzy comprehensive evaluation model. Then, with the above
evaluation indicator system and model, this paper employs the VISSIM traffic simulation
technology to simulate the residential community for testing. Finally, it uses the grey
relational algorithm to compare and analyze the test data, and obtains the following
conclusions: for residential communities with a large area and large traffic volume and those
with a small area and large traffic volume, the surrounding road traffic is significantly
reduced, and the traffic pressure is greatly alleviated; the effect comes second for those with
a large area and small traffic volume; and for those with a small area and small traffic

volume, surrounding traffic sees no improvement.

1. INTRODUCTION

Traffic congestion in China has been a difficult problem
nowadays. One of the important causes for this situation is the
road layout model where roads are wide and networks are
sparse. In road construction, urban trunk roads take up the vast
majority of road areas, while branch roads are far from enough,
which is the exact opposite of the “small blocks and dense road
networks” model advocated in Western countries today.
Large-size residential communities which passing vehicles
have no access to is one of the important reasons resulting in
the reasonable road structure and network density. With the
emergence of various new theories of urban development
planning in the United States in the 1980s, the new idea and
theories of “open dwellings” began to spread around the world
[1,2]. In fact, a number of theories on urban planning and
urban spatial structure already took shape in the U.S. and
Europe as early as in the 1920s, while there has hardly been
any innovative theoretical system in China.

It requires systematic evaluation to figure out whether the
road traffic conditions around a residential community will be
truly improved after the community is opened. Analytic
hierarchy process and fuzzy comprehensive evaluation
method are common methods used to evaluate complex
systems for decision-making. In recent years, scholars and
forerunners at home and abroad have done some exploration
and research on both methods. Guegan et al. [1] applied AHP
in the ranking of traffic smoothing projects as an alternative to

183

the existing scoring system. The ranking produced by the AHP
is different from those by other methods. When certain factors
cannot be quantified, the AHP will show its advantages. Gong
and Li [2] applied Delphi and AHP in the analysis of various
factors affecting road transport safety and proposed an
indicator system suited to road transport enterprises in China.
The comprehensive evaluation results can be applied in actual
situations to reflect road transportation safety. Aiming at how
to contact the nearest rescue organization as soon as possible
so as to reduce casualties and property losses in the event of a
traffic accident in an urban area, Chang et al. [3] developed an
intelligent GIS rescue system using AHP to indicate the fastest
route to the accident scene. Wang and Liu [4] used the AHP
and the fuzzy comprehensive evaluation method to optimize
the design schemes of energy-saving houses. They established
the hierarchical structure of the energy-saving house design
schemes through analysis, calculated the universally
applicable hierarchical total ranking weight vector, and finally
provided references for the optimization of energy-saving
house design schemes. Wang and Zhang [5] used the AHP -
entropy weight method and the fuzzy comprehensive
evaluation method to evaluate the suitability of construction
land. The three-scale method used in weight determination
solves the consistency test problem of the traditional nine-
scale method to some extent, and it is easier for scoring and
more operable. Yu et al. [6] established an evaluation indicator
system for traffic congestion at urban road intersections by
applying the analytic hierarchy process, and evaluated traffic
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conditions at intersections and made decisions using the
prioritization technique similar to the ideal solution TOPSIS.
Nosal and Soleck [7] used the Multi-Criteria Decision
Analysis (MCDA) method to evaluate various variants of the
integrated system of urban public transport (ISUPT). In the
evaluation, they used one of the MCDA methods - AHP,
showing a different way of integration. Zak and Kruszynski [8]
carried out multi-level, multi-index evaluation on 18 urban
transport projects, and applied AHP, ELECTRE III/IV and
their combinations (AHP / ELECTRE III/IV) at each level of
the hierarchical decision-making problem to construct and
solve different multi-criteria ranking sub-problems. Bari¢ et al.
[9] used a multi-index analytic hierarchy process to evaluate
the design of road segments in an urban environment. By
weighting different evaluation indices and sub-indices, the
evaluation provided reliable results and proved to be robust for
sensitive analysis. Li et al. [10] proposed an AHP-based
method to determine the weights of the influencing factors to
decision-making, took into account their relative importance,
and comprehensively ranked each road segment. Taking the
highway network maintenance priority as an example, they
illustrated the feasibility of this method. Mei et al. [11] pointed
out the infeasibility of the previous weight determination and
evaluation result expression method in fuzzy comprehensive
evaluation of water quality, and proposed new methods for
weight determination and evaluation result expression, so that
fuzzy comprehensive evaluation has more realistic meaning.
They also verified these methods with examples. Regarding
the problem that it is difficult to accurately identify the source
of gushing water with just one single factor, Yu et al. [12]
established a two-level fuzzy comprehensive evaluation
mathematical model based on underground aquifer water
chemical analysis and gushing water data, which can
accurately identify underground gushing water sources,
showing that it has some practical value. Wang and Huo [13]
applied the fuzzy comprehensive evaluation method in the
safety evaluation of the coal industry based on the fuzzy
mathematics theory, established a coal safety evaluation
system according to the current status of coal safety, adopted
AHP to determine relative weights and calculated the safety
grade characteristic quantity. Shao et al. [14] used the analytic
hierarchy process to establish a scheme selection model for the
construction of a sewage treatment plant in Zhongshan City
and sought to optimize the decision. Through optimization
calculation using the AHP method and the fuzzy
comprehensive evaluation based on the actual situation of the
water treatment system, they finally obtained the optimal
scheme. Yang et al. [15] introduced the analytic hierarchy
process to the comprehensive evaluation on the simulation
credibility of the underwater vehicle system, and determined
the weight of each factor in the system simulation credibility
evaluation indicator system.

This paper first establishes an evaluation indicator system
from three aspects - road capacity, road safety and road
vulnerability. Through multiple screenings, this paper decides
to select 5 indicators, namely traffic density, traffic delay time,
number of intersection conflicts, road congestion rate and road
accessibility to reflect the surrounding road traffic conditions
before and after a residential community is opened. Then,
based on these indicators, this paper establishes an analytic
hierarchy structure model, calculates the weights of these
indicators, and passes the consistency check to make sure the
reliability of the indicator system. After that, based on the
analytic hierarchy model, it establishes a fuzzy comprehensive
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evaluation model and performs quantitative evaluation on road
traffic. At last, based on the above evaluation indicator system
and model and by applying the VISSIM traffic simulation
technique, this paper performs a simulation test on a
residential community and compares and analyze the test
results through the grey relational algorithm.

2. ROAD TRAFFIC EVALUATION
SYSTEM

INDICATOR

This paper first establishes an evaluation indicator system
from three aspects - road capacity, road safety and road
vulnerability [16, 17]. After multiple screenings, this paper
decides to use five indicators, namely traffic density, traffic
delay time, number of intersection conflicts, road congestion
rate and road accessibility to reflect the surrounding road
traffic conditions before and after the opening of a residential
community.

2.1 Description of evaluation indicators

2.1.1 Traffic density

Traffic density refers to the number of vehicles distributed
on a unit length of a lane at a certain instant of time, which
reflects the concentration degree of vehicle distribution. The
calculation formula is as follows:

K = N/L (pcu/km) (1)
where, K is the traffic density; N is the number of vehicles on
a single-lane road segment (pcu); L is the length of the road
segment.

2.1.2 Traffic delay time

The traffic delay time at intersections is one of the important
indicators to measure the efficiency of traffic operations. The
opening of a residential community may affect the traffic delay
time at intersections [18]. Through comparison of the delay
time before and after community opening, the impact on road
traffic capacity can be obtained.

The calculation formula is as follows:

p2+q2ql2
(p+——)
2(1-p)

q

(2)
W =

where, W is the traffic delay time at the intersection; p is the
utilization rate (service intensity) of the entrance, which is the
ratio of the average number of vehicles arriving at the
intersection to the average number of vehicles that can be
serviced at the same time, that is, the probability of any vehicle
waiting on the stop line at the intersection; q is the average
traffic flow at the intersection; and ¢y is the specific traffic
flow at a certain intersection.

2.1.3 Number of intersection conflicts

The number of intersection conflicts (this paper only studies
the situations at intersections with no traffic light) can be used
as a safety evaluation indicator [19]. The theoretical formula
to estimate the number of conflicts per hour at a road
intersection is as follows:



N =3600H, (e ™" )(1L,e ™) 3)
where, N is the number of intersection conflicts (theoretical
estimate); and A; and /1 are the traffic flow on the trunk road
and the branch road (residential community road), respectively;
and H is the threshold of the time interval between the arrivals
of vehicles from the residential community road and the trunk
road at the statistical cross section.

2.1.4 Road congestion rate

Road congestion rate is the ratio of the actual traffic volume
on a road segment to the evaluation benchmark for 24 hours a
day or 12 hours during the daytime [20].

The calculation formula is as follows:

*
pc=2°Q
C

“4)

where, DC is the congestion rate; @ is the weight coefficient,
and @ =1—a/100+ a * $/100; « is the mixing rate of
oversize vehicles; Q is the total traffic volume during the 12-
hour daytime; and C is the evaluations benchmark for 12-hour
traffic volume.

2.1.5 Road accessibility

Road accessibility refers to the relative difficulty of moving
from any point to another point in the road network, and
factors related to this indicator include distance, time, cost and
so on. Road accessibility in fact reflects the road resistance to
a certain horizontal movement process [21]. The overall
accessibility of an urban road is expressed as weighted
accessibility [22]. It can be calculated as the weighted average
of the accessibility of each OD point pair with the traffic load
as the weight, that is,

1
= U
Ve Z T AZB:EI AsY AB

A,Bel

)

where, Uy is the traffic volume of A—B; y4p is the
accessibility of A—B. With the residential community
accessibility as an example, the weighted accessibility
indicator can be calculated as:

(6)

For ease of expression and calculation, it can be defined that
when i=j, U;=0, y;=1.

2.2 AHP modelling

2.2.1 Establishment of the hierarchy structure

The Analytic Hierarchy Process (AHP) is to decompose the
decision problem into different hierarchical levels in the order
of overall objectives, sub-objectives at each layer, evaluation
criteria and specific schemes, then calculate the priority value
of each element on a layer to a certain element on the
immediate upper layer by solving the feature vector of the
judgment matrix, and at last recursively obtain the final weight
of each scheme to the overall objective by the weighted sum
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method [23]. The one with the largest final weight is the
optimal solution.

To apply the AHP in the comprehensive evaluation of the
impacts of an open residential community on road traffic, a
hierarchical analysis model must be established first. Through
analysis, it can be known that the indicators affecting road
traffic are logically related in a way that sub-class indicators
reflect a main class indicator while main class indicators
reflect the road traffic capacity. This logical relationship is
hierarchical, decomposing elements related to decision-
making into objective, criteria and schemes, as shown in
Figure 1.

Evaluation
indicator
system

|_omen |
. b v

Road
vulnerability

——

Road
Road

congestion T
= accessibility
rate

Objective layer

Criterion layer Road capacity

—

Number of
intersection
conflicts

Road safety

Traffic delay

Traffic density time

Scheme layer

Figure 1. Hierarchy structure

2.2.2 Weight analysis of evaluation indicators based on AHP

The weight of each influencing factor in the criterion layer
is determined, forming a pairwise comparison matrix as shown
below:

1 3/4 4/3
M=4/3 1 3/2].
3/4 2/3 1

Through calculation with the software MATLAB, the
feature vector corresponding to the maximum feature root is:

£=(0.328 0.413 0.260).

Consistency check is carried out to determine whether the
result is feasible. Through calculation, there is:

Cl _;imax—n_o

n-1
The values of the random consistency index RI are shown
in Table 1.

Table 1. Values of the consistency index RI

4 5 6 7 8

n 1 2 3
0 0 0 09 1.12 124 132 141

RI

At this time: CR=CI/RI=0/0.90=0<0.1.
It shows that the results are feasible. The weights of the
influencing factors in the criterion layer are shown in Table 2.

Table 2. Weights of the influencing factors in the criterion

layer
Indicator Weight  Consistency check
Traffic capacity A @=0.328 Yw=1 Amax=3
Safety B @:=0.413 CI=0
Vulnerability C ~ @3=0.260 CR=0<0.1

Similarly, the weight of each influencing factor in the
scheme layer under the impacts of traffic capacity, safety and
vulnerability can be calculated. The weight of traffic density
is: 0;=0.178*0.328+0.092*0.413+0.212*0.260=0.152.



The weight of each influencing factor in the scheme layer is
shown in Table 3.

Table 3. Weight of each influencing factor in the scheme

layer
Indicator Weight
Traffic density «/=0.159
Traffic delay time ®2=0.123
Traffic saturation ®3=0.115
Number of intersection conflicts  w+=0.127
Road congestion rate 05=0.471

Through the above analysis, it can be seen that, in the order
of weight, the influencing factors in the scheme layer are as
follows: Road congestion rate, traffic density, number of
intersection conflicts, traffic delay time and traffic saturation.

2.3 Establishment of the fuzzy comprehensive evaluation
model

2.3.1 Overview of the fuzzy comprehensive evaluation model

The fuzzy comprehensive evaluation method is a
comprehensive  evaluation method based on fuzzy
mathematics. It converts qualitative evaluation to quantitative
evaluation according to the membership theory of fuzzy
mathematics; in other words, it uses fuzzy mathematics to
make an overall evaluation of the things or objects restricted
by multiple factors. With clear results and strong
systematicness, this method can solve problems that are fuzzy
and difficult to quantify, and thus is suitable for solving
various uncertainty problems. The concept of fuzzy set theory
was proposed in 1965 by Professor Chad, the American
automatic control expert, to express the uncertainty of things
[24].

2.3.2 Basic steps of the fuzzy comprehensive evaluation model

(1) Determine the factor set

Road traffic needs to be comprehensively evaluated from
multiple aspects. This paper directly uses the evaluation
indicator system previously established as the factor set, which
is denoted as:

U={uy, uo, ..., un},
where, u; (i=1, 2, ..., n) represents each influencing factor.

(2) Determine the remark set

Due to the different evaluation results of the indicators,
there will be different ratings. For example, for work
performance, the ratings include “excellent”, “good”,
“medium”, “poor” and “very poor”. The set consisting of
different evaluation results is called a remark set, denoted as:

V=_{vi, v2, cc., Vin},
where, v; (i=1, 2, ..., m) represents each rating.

(3) Determine the weight of each factor

In general, different factors in the factor set have different
contributions in the comprehensive evaluation. The
comprehensive evaluation results are not only related to the
evaluation result of each factor, but also dependent to a large
extent on how these factors contribute to the comprehensive
evaluation. This indicates that the weight distribution of all
these factors has to be determined. It is a fuzzy vector on U,
denoted as:

A={ay, az, ..., an},
where, a; represents the weight of the i-th factor, which
satisfies )j-;a; =1 . There are many methods for
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determining the weights, such as the Delphi method, the
weighted average method, and the crowd evaluation method
etc.

(4) Determine the fuzzy comprehensive judgment matrix

For the indicator u;, each remark is a fuzzy subset on V. The
evaluation of the indicator u; is denoted as:

R,:{Ru, R[g, veey R,‘m},

The fuzzy comprehensive judgment matrix of each
indicator is:

TR P! N
R = fn Ty Fom
r r r

nl n2

It is a fuzzy relation matrix from U'to V.

(5) Perform comprehensive evaluation

If there is a fuzzy relationship from U to V, which is
R=(Rjj)nxm, then a fuzzy transformation [25] Tr: F(U)—F(V)
can be obtained using R, and from this transformation, the
comprehensive evaluation result can be obtained, which is
B=A-R.

The comprehensive evaluation can be regarded as a fuzzy
vector on V, denoted as B={b,, b>, ..., bn}.

nm

2.3.3 Application of the fuzzy comprehensive evaluation
model in this study

(1) Set the factor set as:

U={traffic density u;, traffic delay time u,, number of
intersection conflicts w3, road congestion rate w4 road
accessibility us}.

(2) Set the remark set as:

V={good v,, relatively good v, average v3, relatively poor
V4, POOT Vs}.

(3) Determine the weight of each factor

Based on the weight of each indicator obtained, list the
weight vector 4={0.159, 0.123, 0.115, 0.127,0.471}.

(4) Determine the fuzzy comprehensive evaluation matrix,
and rate each u;.

For example, u; is determined based on the score given by
the expert panel. Suppose the scores are as follows:

R;/=[0.1,0.2,0.2,0.3,0.2].

The above expression indicates that 10% of the experts
participating in the scoring think that the traffic density is good,
50% think that the traffic density is relatively good, 40% think
that the traffic density is average, and 0 expert think that the
traffic density is relatively poor or poor. The other factors are
also evaluated in the same way.

uz, u3, ug and us are also scored by the expert panel:

R»=[0.2,0.3, 0.5, 0, 0], Rs=[0.2, 0.2, 0.4, 0.1, 0.1], R,~=[0.1,
0.1,0.5,0.3,0] and Rs=[0.2, 0.2, 0.2, 0.2, 0.2].

Let R; be line i to form the evaluation matrix:

[0.1 02 02 03 0.2]

02 03 05 0 O
02 02 04 01 0.1).
01 01 05 03 O
102 02 02 0.2 0.2]

It is a fuzzy relation matrix from the factor set U to the
remark set V.

(5) Fuzzy comprehensive evaluation

Perform compositional operation of the matrix.




[0.1
0.2
0.2
0.1

0.2

0.2
0.3
0.2
0.1
0.2

B=A4+R=[0.159, 0.123, 0.115, 0.127, 0.471]

According to Table 4, the remark with the greatest value is
taken as the comprehensive evaluation result, which is
“average”.

Table 4. Evaluation results and ratings

Poor Relatively poor  Average Relative good Good

<0.1 [0.1,0.2) [0.2,0.35) [0.35,0.5) >0.5
3. EFFECT ANALYSIS OF OPEN RESIDENTIAL
COMMUNITIES

3.1 Definitions of open residential community types

In most of the research on open residential communities, the
internal road structure of the residential community was used
as the sole criterion for the classification of residential
communities. This paper categorizes residential communities
according to the different effects on road traffic. The internal
road structure of the residential community is only one of the
factors affecting traffic, and not the main factor. The area of
the residential community and the traffic volume around the
residential community should be treated as the main criteria
for the classification of residential communities.

The block-type residential community is the most common
form adopted in current residential area planning. This study
further divides the block-type residential communities. With
area and surrounding traffic volume as the criteria, residential
communities are classified into 4 types, namely large area and
large traffic volume, large area and small traffic volume, small
area and large traffic volume, and small area and small traffic
volume (referred to as Type A, Type B, Type C and Type D
residential communities respectively in this paper).
Definitions of these types of residential communities are listed
in Table 5.

Table 5. Definitions of different types of residential

communities

Type A residential Area of 25-35 ha. (375-525 mu) and
community high traffic volume

Type B residential Area of 25-35 ha. (375-525 mu) and
community low traffic volume

Type C residential Area of 10-25 ha. (150-375 mu) and
community high traffic volume

Type D residential Area of 10-25 ha. (150-375 mu) and
community low traffic volume

Note: The traffic volumes are different in cities of different levels, but here no
specific descriptions will be made regarding this. Only high and low traffic
volumes are used as fuzzy descriptions.

3.2 Simulation of an open residential community

This paper selects the residential community Jiuzhou
Xinshijie Huayuan in Changzhou as the representative of Type
C residential communities, and wuses this residential
community as an example for simulation. The residential

0.2
0.5
0.4
0.5
0.2
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0.3 0.2]
0 0
0.1 01
03 0
0.2 0.2

=[0.1704, 0.1986, 0.2970, 0.1915, 0.1373]

community of Jiuzhou Xinshijie Huayuan is located at the
intersection of the Middle Laodong Road and the Lanling
Road (formerly Laodong Residential Quarters) in Tianning
District. It covers a total area of about 371 mu, with a plot ratio
of 3.80 and a greening rate of 30%. The architectures in
Jiuzhou Xinshijie Huayuan are mainly of the neoclassical style,
with luxurious and stable facades, showing the nobleness and
exoticism of modern neoclassical European architectures.
First, with the relevant length data captured, a road network
map of the residential community was drawn, with annotations,
as shown in Figure 2 (unit: m). In this map, there are 6 main
intersections when the residential community is closed.
According to the scale (1:2000) of the map, the distance of
each connected road segment can be calculated, and with the
Dijkstra algorithm, the shortest path Dj; (i,j=1, 2, ..., 6) between
every two points is obtained, as preparations for the
distribution of traffic flow during the simulation below. With
the above algorithm, the basic paths after the residential
community is opened can also be obtained. Suppose the
average speed v of vehicles running around the residential
community is 40km/h, then the average passing time of
vehicles around the residential community can be obtained -

T = % = 755.34s. After the residential community is

opened, the number of main intersections is increased to 12.
By the similar method, the average passing time of vehicles
after the community is opened can be obtained, which is T' =
E—izlf Py 684.67s. From a macro perspective, it can be seen
that the average passing time of surrounding traffic after the
residential community is opened is reduced.

Next, the software VISSIM was used to construct and
simulate the road network of the residential community and its
surrounding trunk roads. Since the residential community was
closed at the moment, the roads within the residential
community were disconnected from the external roads to
indicate that vehicles from outside could not enter the
residential community.

392
60 52
200

100

232

160

- B

Figure 2. Road network map of Jiuzhou Xinshijie Huayuan

If a residential community is closed, none of the routes will
pass through the residential community, so the traffic flow
from outside the residential community were not allocated to



the basic routes inside it. After the simulation program was run,
with the default speed of the vehicles set to 40km/h, it could
be clearly seen that the traffic volumes at intersections
increased significantly, as shown in Figure 3.

Subsequently, observation points were set on each trunk
road segment around the residential community to monitor and
sample the traffic flow during the one-hour (7:30-8:30 a.m.)
simulation, and the obtained data were analyzed and calculated.
The calculation results of the proposed evaluation indicators
mentioned in Section 2 are shown in Table 6.

Then, the residential community was opened. After
simulation, it was found that, under the same conditions, the
internal roads of the residential community shared part of the
traffic outside the residential community after the residential

community was opened, and that the traffic flow on the road
segments improved significantly — the traffic volume per unit
time was obviously improved, as shown in Figure 4.

Then, observation points were set on the trunk road
segments at the same locations as above to monitor and sample
the traffic flow during the one-hour simulation. The obtained
data were analyzed and calculated, with the calculation results
of each evaluation indicator shown in Table 7.

Through comparison of the changes in various evaluation
indicators, it can be seen that the opening of the Type C
residential community obviously improved the surrounding
road traffic conditions. The differences between various
indicators before and after opening are shown in Figure 5 and
Figure 6.

Table 6. Statistics of the evaluation indicators for closed Jiuzhou Xinshijie Huayuan

Road segment

West Laodong Road  West Jinling Road  West Qingliang Road  Xinyi Road

Traffic density (pcu/km) 684.56
Road congestion rate (%) 43.48
Road accessibility (%) 5291

Traffic delay time (s)
Number of intersection conflicts

1016.58 597.16 1118.40
66.79 51.25 69.14
55.29 50.28 51.63

62.55
42.43

Table 7. Statistics of the evaluation indicators for simulated open Jiuzhou Xinshijie Huayuan

Road segment

West Laodong Road  West Jinling Road West Qingliang Road  Xinyi Road

Traffic density (pcu/km) 537.26
Road congestion rate (%) 39.25
Road accessibility (%) 56.34

Traffic delay time (s)
Number of intersection conflicts

819.34 446.59 836.99
64.26 46.46 62.71
58.29 61.03 54.33
41.10
32.98

Figure 3. Surrounding traffic condition diagram of Jiuzhou
Xinshijie Huayuan

Figure 4. Effect picture of Jiuzhou Xinshijie Huayuan after
being opened

Figure 5. Comparison of traffic flow
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ROAD CONGESTION RATE BEFORE VS.
AFTER THE OPENING OF JIUZHOU
XINSHUIE HUAYUAN(%)

Figure 6. Comparison of road congestion rates

3.3 Comparison model for open residential communities
based on the grey relational algorithm

For the four types of open residential communities, this
section uses the grey relational algorithm and combines
quantitative and qualitative methods to make the original
complex multi-factor comparison problem clearer and simpler
and more convenient for calculation, and also to exclude the
subjective arbitrariness of the observers to some extent. In this
way, the effect relational grade sequence after the opening of
the residential communities can be obtained objectively. In
short, the grey relational grade analysis means that during the
development of a system, if two factors change in the same
way, that is, the degree of synchronous change is high, then
the two factors can be considered as more related; otherwise,
they are less related. Therefore, the grey relational analysis
provides a way to quantitatively measure the development and
change of a system, which is quite applicable to dynamic
process analysis.



3.3.1 Overview of the grey relational algorithm

Grey relational analysis refers to the analysis of
development trends based on the closeness of the sequence
curve shapes of factors, and then provides some suggestions
for decision makers [26]. The grey system theory puts forward
the idea of performing grey relational analysis on each
subsystem. The intention is to find out the numerical
relationship between the subsystems (or factors) in the system
by a certain method.

3.3.2 Specific steps of the grey relational algorithm

(1) Determine the comparison objects (evaluation target)
and the reference sequence (evaluation criteria)

Suppose there are m evaluation objects and n evaluation
indicators, the reference sequence is x;={x¢(k)|k=1, 2, ..., n},
and the comparison sequence is x={x{k)|k=1, 2, ..., n}, i=1,
2,..,m.

(2) Determine the weight of each indicator value

By such methods as AHP, the weights corresponding to
each indicator w=[w,, wy, ..., @,] can be obtained, where, wy,
k=1, 2, ..., n, is the weight corresponding to the k-th evaluation
indicator.

(3) Calculate the grey relational coefficient
fi(k) _ msmmtm|x0(t)—x5(t)|+pm§1xmé1x|x0(t)—xs(t)|

relational coefficient of the comparison sequence x; to the
reference sequence xy on the k-th indicator, where p €[0,1] is
the resolution coefficient [27]. In the formula,
msinmtinlxo (t) — x5(t)| and mgxmglexo (t) — x5(t)] are the

is the

Ixo (k) —x; (k) |+ pmaxmax|xo (t)~xs(t)]

two-stage minimum difference and the two-stage maximum
difference, respectively. Generally speaking, the larger the

resolution coefficient p, the greater the resolution; vice versa.

(4) Calculate the grey weighted relation

The calculation formula of the grey weighted relational
grade is r; = Yi-, @;&;(k), where r; is the grey weighted
relational grade of the i-th evaluation object to the ideal object.

(5) Perform evaluation analysis

According to the magnitude of the grey weighted relational
grade, the evaluation objects are sorted to form the relational
sequence of evaluation objects. The greater the relational
grade, the better the evaluation result.

3.3.3 Application of the grey relational algorithm in this study

Traffic density, traffic delay time and number of
intersection conflicts are cost-based indicators while road
congestion rate and road accessibility are efficiency-based
indicators, and each indicator has a different dimension. In this
paper, the changes in the above indicators are normalized, and
the mean value method is adopted, that is, the value of each
sequence is compared with the mean value of the entire line
sequence. After normalization, the data of the comparison
sequence and the reference sequence are shown in Table 8.
The maximum value of the changes in each indicator is taken
as the value of the virtual optimal residential community.

Let p=0.5, and calculate &(k) and 7;. The specific values of
r; are listed in Table 9.

As shown in Table 9, the grey relational grade sequence is
rs>ri>r2> rg; in other words, the surrounding road traffic is
significantly improved for Type A and C residential
communities after they are opened, followed by that of Type
B residential communities, and that of Type D is not obviously
improved.

Table 8. Values of the comparison sequence and the reference sequence

Evaluation indicator

4 types of open residential communities

Virtual optimal residential community

Type A TypeB TypeC TypeD
Traffic density (pcu/km) 1.0806 ~ 0.8170  2.0012  0.1017 2.0012
Road congestion rate (%) 1.4047 1.3721 1.1767 0.0465 1.4047
Road accessibility (%) 0.8960 1.4109 1.4851 0.2030 1.4851
Traffic delay time (s) 0.0034  0.2343 3.7500  0.0087 3.7500
Number of intersection conflicts  0.7609 0.7885 2.1724 0.2805 2.1724

Table 9. Value of the grey relational grade of each residential community type

Type of residential community

Type A TypeB TypeC TypeD

Grey weighted relational grade ri

0.6130

0.4560  0.6527  0.0036

4. CONCLUSIONS

Based on the established vehicle traffic model, this paper
employs the VISSIM traffic simulation technology to perform
simulation test on a residential community, which directly
shows the effect of traffic improvement after the residential
community is opened. Through data analysis, the following
conclusions are drawn: for residential communities with a
large area and large traffic volume and those with a small area
and large traffic volume, the surrounding road traffic is
significantly reduced and the traffic pressure is greatly
alleviated after the opening; the effect comes second for those
with a large area and small traffic volume; and for those with
a small area and small traffic volume, surrounding traffic sees
no improvement. However, in this study, the impact of
pedestrians on road traffic is deliberately ignored in the
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simulation. In fact, after a residential community is opened,
pedestrians and vehicles will inevitably move in parallel in the
residential community. Regarding this problem, a table of
interference coefficients showing how pedestrians affect road
traffic can be created and incorporated into the model. In
addition, this study is also based on the assumption that there
are no traffic lights at the intersections of the roads within the
residential community. This assumption has some basis but
cannot be applied to all circumstances. If the traffic in the
residential community is too heavy, it will be necessary to set
traffic lights. Traffic lights are a very important element in the
construction of road networks, and their settings are also
related to the types of intersections. Therefore, future research
may take the types of intersections into account and add traffic
lights in the scenarios to better simulate the actual situation
after the opening of residential communities.
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