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Determining the Best Plan for Malls Parking Lot Based on Fuzzy 
Analytic Hierarchy Process Model

With the rapid development of social economy, the number 
of family cars has entered a period of rapid growth and the 
consequent urban parking problem has become increasingly 
prominent, gradually becoming one of the problems facing cities 
in China. The regional planning of parking spaces can expand 
the number of parking spaces within a unit area. Therefore, 
considering safety, convenience, efficiency and other factors, 
how to maximize the number of parking spaces is the key to 
solve the parking problem. Based on the triangle division of 
Abdelfattah model and the analysis of PSU planning theory, the 
planning of mall parking lot is more realistic. This kind of planning 
maximizes the number of parking spaces on the basis of greatly 
increasing the flexibility of vehicle entry and exit, which is more 
conducive to our life.
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1. Introduction 

With the development of social economy and the 

continuous improvement of people's living 

standards, the number of family cars has en-

tered a period of rapid growth, and the difficulty 

of driving and parking has become a big problem 

troubling urban traffic. Due to the shortage of 

public parking Spaces, the traffic congestion and 

chaos caused by occupying the road parking 

have become a common phenomenon, which 

has become the focus of concern of the society, 

the people and the government. China's tradi-

tional parking lot construction still occupies a 

dominant position, but in the future, with the im-

provement of China's urbanization rate, the re-

quirement for urban space utilization rate will be 

increasingly higher, and the traditional parking 

lot construction will be gradually replaced due to 

its large space occupation and high investment 

cost. This paper will study the parking capacity 

of the parking lot and design a reasonable and 

effective parking scheme. 

2. The Problem to be solved 

2.1 Parking lot effectiveness evaluation 

In the process of solving the design of shopping 

mall parking lot, there are many factors to be 

considered, so we need to find the key factors to 

be considered, so we use fuzzy analytic hierar-

chy process to evaluate the effectiveness of 

parking lot[4]. To analyze problems, to determine 

the hierarchical relationship between various 

factors in the system, on the various elements of 

decision problem multistage (multi-level) hierar-

chical structure model is established, on the 

same level (level) or above level as a criterion 

for the elements of the elements of pairwise 

comparison, and according to the rating scales 

to determine the relative important degree, fi-

nally on the basis of establishing the fuzzy judg-

ment matrix, and risk factors were weighted is 

obtained. 

2.1.1 Fuzzy analytic hierarchy process is 

used to evaluate the effectiveness of parking 

lot 

 

Table 1 Risk assessment chart 

Safety Convenience High efficiency 

The fire efficiency Owner’s walking distance Empty space filling efficiency 

Emergency evacuation efficiency Traveling distance Road smoothness 

Berth safety factor Vehicle turning difficulty Utilization rate of total parking spaces 

 

2.1.2 Criterion layer → Target layer Judgment and analysis 
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2.1.3 Consistency test of pairwise judgment 

matrices 

Maximum eigenvalue: 

max 3.0649 =  

Consistency index: 
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Therefore, the pairwise comparison judgment 

matrix has satisfactory consistency, and the 

judgment matrix is accepted. 

(2) (2) (2) (2)

1 2 3( , , ) (0.7306,0.1884,0.0810)W W W W= =  

The weights of the three risk factors are obtained 

by this formula. 

2.1.3 The weight of the factor layer criterion 

According to mathematical analysis [1], it can be 

obtained that: 

(3)

1

(3)

2

(3)

3

(0.2790,0.6491,0.0719)

(0.5416,0.0772,0.2468,0.1345)
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The calculation process has also passed the 

consistency test. 

2.1.4 Weight of each factor 

After calculation, the weight of each factor is: 

1 2 3 1 2 3 1 2 3( , , , , , , , , )

(0.2038,0.4742,0.0525,0.1020,0.0145,0.0465,0.0025,0.0089,0.0250,0.0471)

U a a a b b b c c c=

=
 

Through the use of fuzzy analytic hierarchy pro-

cess, it can be concluded that safety is the pri-

mary consideration, and firefighting efficiency 

and emergency evacuation efficiency are ex-

tremely important. On this basis, the walking dis-

tance of owners, the difficulty of turning and the 

utilization rate of the total parking space are also 

important considerations. 

2.2 The establishment of model 

2.2.1 The schematic diagram of this model 

Under the condition of stipulating the direction of 

vehicle entrance and exit, considering the saving 

area is the principle of maximizing the number of 

parking Spaces. On the basis of the parking in-

clination Angle not exceeding the critical Angle [2], 

the left parking inclination Angle should be ap-

propriately reduced to meet the demand of 6 

rows of parking Spaces on the left. The parking 

lot is divided into two areas, A and B, with en-

trances and exits respectively. The blue area on 

the right side is the truck parking area and the 

driving road.

 

 
Fig.1 Schematic diagram of parking lot 
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2.2.2 Determine the objective function 

This model is designed to solve the problem of 

parking lot design around large shopping malls. 

In order to maximize the number of parking 

Spaces in the parking lot, we only need to con-

sider one goal -- the maximum number of 

parking Spaces.[5]We divide the parking Spaces 

in the parking lot into six areas:,,,,, and Y (Y is 

the number of trucks), so as to establish the fol-

lowing objective function 1 2 3 4 5x x x x x  

1 2 3 4 5max x x x x x Y= + + + + +  

2.2.3 Determine constraints 

We put the car park is divided into three parts, of 

which the first part is for 43 meters wide, a rec-

tangle is 270  meters long, there are three park-

ing space area, and two of the same width and 

parking aisle[3], R for cars turning radius, for a 

single length of parking space, because the 

number of parking Spaces is greater than zero, 

so (that is partial to 270   meters wide of the 

number of parking Spaces in the parking lo t

1
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sin
( 0 0 1,2,3,4,5)ix x x I x Y i x

a


  =小
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We divided the two rows near the mall into a 
second part, namely 4x  

1 2
4

250sin 350sin
x

a a

 
 +  

The first part is called Area A, the second part 

and the truck parking area is called area B. 

The length of the truck parking space is, the 

parking corridor is, the tilt Angle of the parking 

space is, and is the length of the parking space 

of a single large truck, because the first two parts 

have occupied a length of 407 meters, namely

2
1 1 3
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d I
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The Angle is the Angle between the parking area 

of a large truck and the upper part of the 

trapezoid [6]. Projection of the Angle on the hori-

zontal direction can be obtained as follows: 

cos 21a   

For:cos 0.991 =  

For area A and part B, the sum of half of parking 

space length and corridor distance of car parking 

space multiplied by the six parking areas should 

be less than or equal to 43, namely: 

2
26( ) 43

2

I
d +   

For section B, the sum of the length of the car parking space and half of the aisle distance 
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multiplied by the two parking areas is less than or equal to 20 

2
22( ) 20

2

I
d +   

Solve for 1  

1 52.5 =   

Using the unit parking area to the parking lot 

parking Angle to obtain partial derivative 

2.2.4 conclusion 

After calculation, each parking corridor distance 

can pass the truck, indicating that the fire truck 

is unimpeded in the parking lot, it can be deter-

mined that the model has no fire hazard. 

We can get the number of parking Spaces in 

each area, as shown in the following table 

 

 

Table 2 The number of parking spaces 

Parking areas 
1x  2x  3x  4x  5x  

The number of 

parking Spaces 

85 166 170 124 138 

50Y =  

A zone: 3
1 2+ 336

2

x
x x+ =  

B area: 3
5 4 338

2

x
x x Y+ + + =  

Thus, the total number of parking Spaces in the 

parking lot is calculated: 674n =  

According to the parking lot planning conditions, 

it can be known that the commercial point should 

have no less than 0.6 parking points per 100 

parking points, and the shopping mall should 

have no less than 525 parking Spaces.𝑚2This 

shows that the shopping mall parking lot plan-

ning is more reasonable. 

2.3 Model optimization 

According to the fuzzy analytic hierarchy pro-

cess, safety is a very important risk factor for the 

planning of parking Spaces in shopping malls, 

and the efficiency of emergency evacuation is 

also a very important factor when considering 

the efficiency of firefighting. Cellular automata is 

a kind of grid dynamics model with discrete time, 

space and state, and local spatial interaction and 

temporal causality, which has the ability to simu-

late the spatio-temporal evolution of complex 

systems. Here, cellular automata simulation is 

used to realize multi-exit evacuation model. Haz-

ard rules are set, and 01BFS algorithm based on 

double-ended queue is used to quickly calculate 

the hazard of each cell, so that the cell automat-

ically tends to the direction with lower risk to sim-

ulate the evacuation model. Matlab was used to 

simulate crowd evacuation. 

 
Fig.3 the picture shows the crowd evacuation simulation of some modules in the parking lot 
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3. Conclusions and Outlooks 

By using fuzzy analytic hierarchy process (AHP) 

to divide parking area into small pieces, the area 

can be fully utilized and evaluated. Considering 

multiple factors, the parking space planning can 

be more practical and easier to realize. In the fu-

ture, cellular automata can be used to simulate 

crowd safe evacuation in parking lots, so as to 

put safety in the first place and increase the fea-

sibility of parking space planning. The algorithm 

theories in this model, such as graphic division 

and cellular automata, can not only be applied to 

all kinds of parking lots in practice, but also can 

be applied to regional vegetation planning, tree 

planting planning, urban road planning, building 

construction theory and other aspects. The 

shortcoming of this paper is that it does not take 

into account the position occupied by street 

lamps and the spare area of parking lot and side. 

The consideration is not comprehensive enough 

and the measurement is not accurate enough. 

The impact of entrance and exit position on park-

ing space planning can be taken into full consid-

eration to obtain the optimal solution. 
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