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Abstract 
Developing urban public transportation is an important means to alleviate urban traffic 
congestion, improve urban living environment and promote urban sustainable 
development. The complementary public transportation system between buses and 
public bicycles provides a practical and effective solution to solve the problem of "the 
last kilometer at the end of traffic". Therefore, it is particularly important to quantify the 
development of public transport. Taking Guilin, a famous tourist city in the world, as an 
example, this paper evaluates the public transportation in Guilin by region. 
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1. Introduction 

Urban public transport is a public passenger transport system composed of a variety of modes 
of transport. Developing urban public transportation is not only an effective measure to 
alleviate urban traffic congestion, but also an inevitable requirement to improve urban living 
environment and promote urban sustainable development. As an important form of urban 
public transportation, the mutual supplement between bus and the emerging public bicycle 
provides a practical and effective solution to solve the problem of "the last kilometer at the end 
of traffic". 
Bachand-marleau J et al. (2011) showed that the mode combination of bicycles and buses in 
Montreal depended on the availability and convenience of bicycles at bus stations, such as the 
establishment of bicycle stations near bus stations and the placement of more bicycles. Nair R 
et al. (2013) found that the main factors affecting the utilization rate of shared bikes in Paris 
were bicycle fleet, unbalanced allocation and the connection between bus stations and shared 
bike stations. The close connection between shared bike stations and public transport transfer 
stations and preferential multimodal ticket prices could bring higher utilization rate of shared 
bikes. Saberi M et al. (2018) show that the inclusion of shared bikes in London forms an 
interdependent relationship with other public transport vehicles, which helps to reduce the 
load of the public transport network and enhance the adaptability of the public transport 
system when other public transport modes fail. Integrated ticketing system and site link system 
are expected in the future. 
Domestic scholars also conducted research according to different research fields. Yang Liu et al. 
(2014) conducted a study on "Implementing the mode of public bicycle transfer to public 
transportation" in Xi 'an Economic and Technological Development Zone, and found that 
people's socio-economic attributes, attributes and results showed that: shortening the distance 
between bus stations and public bicycle stations, promoting the "bus + bicycle" comprehensive 
service card, Optimize the layout of commercial blocks, office buildings and public bicycle 
stations; Improved infrastructure for bike lanes in residential and other densely populated 
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areas can promote coordinated development. Zhongying Xu (2016) believes that Kunming is 
the first city in China to put forward the "bus priority" transportation strategy, and its bus 
construction takes the lead in the country. Public bicycles are connected with urban public 
transportation, which can bridge this gap and effectively solve the traffic congestion and 
residents' travel problems in the "last kilometer" of urban transportation. The research of 
Xuhua Yang et al. (2018) shows that the emergence of shared bikes in Hangzhou and Ningbo, 
China, provides convenience for bus travel on the same route. For example, if buses of different 
routes transfer at different stations and the transfer distance is long, then the emergence of 
shared bikes can be connected with the buses, saving the time of the whole journey. Zhenpo 
Wang et al. (2019) found that 10% of bike-sharing commuters in Tianjin chose to connect with 
public transportation, especially in terms of commuting space differences. As they travel in the 
outer areas between the four boroughs around the city, areas with more shared bikes will drive 
public transport. This shows that bike-sharing forms a partnership with buses in the outer 
areas of the city. Tian Su (2020) In the process of urban road planning, the national industrial 
department and relevant departments increase their support to the public transport industry 
from the consideration of urban residents' travel. But because of the existence of historical and 
institutional factors in the process of actual planning, mainly based on land use planning, 
however, not fully consider the distribution of population, leading to the unscientific and 
unreasonable transportation planning and running routes, in serious road congestion at the 
same time, also greatly waste of public transportation, energy, Finally, it has a very negative 
impact on the sustainable development of the country. Li Shao (2020) believes that under the 
concept of green and low-carbon, relevant transportation departments need to constantly 
optimize the structure of urban traffic mode in modern urban traffic planning. Under the 
guidance of public transportation, reasonable traffic control and guidance should be carried out 
according to the needs of urban development, so as to optimize urban traffic mode. Donghui 
Wang (2020) argues that attaches great importance to urban planning, urban land use, through 
the multicenter, concentration of city layout, the synchronization of urban transportation 
planning, meet the basic demand of urban residents in some area, the specific regional 
transportation construction and regional key transit lines connected to the network and node 
construction, improve the utilization efficiency of urban transportation infrastructure and 
facilities. 
Since the launch of the public bicycle rental system in Guilin city, it has brought great 
convenience for the masses of citizens to travel. Hundreds of public bicycle rental points have 
also provided convenience for citizens in borrowing and returning, so the buses in Guilin city 
are gradually adjusted according to the actual situation. And how to allocate these two kinds of 
public transportation resources reasonably will appear crucial. 

2. Research Sources and Model Assumptions 

2.1. Data Sources 
1) Bus route list released by Guilin Municipal Government. 
2) Distribution of public transportation bicycles in Guilin. 

2.2. Model Assumptions 
1) Assume that the current information related to public transportation in Guilin is the latest 
and complete information; 
2) Only consider the public transport situation in the urban area of Guilin, not consider the 
public transport information of the 11 counties (cities) under the jurisdiction of Guilin; 
3) The service radiation range of all traffic lines and stations is the same, that is, the impact of 
terrain, buildings and roads on traffic travel choices is not considered. 
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3. Evaluation System of Public Transportation in Guilin 

3.1. Research Ideas 
First, in order to clarify the internal mechanism of public transport evaluation, the composition 
of the concrete analysis. 
 

  

Figure 1. Logical relationship of public 
transportation system 

Figure 2. Influence relationship of constituent 
elements 

 
Figure 1 shows the logical relationship that the public transport system is mainly composed of 
buses and public bicycles, and Figure 2 shows the influence relationship of each component. 
Considering the difference of regional economic development level, we mainly select the 
relatively balanced and objective factor standards such as per capita and per square kilometer. 
3.1.1. Establishment of TOPSIS Model Optimized by Entropy Weight Method 
(1) Initial construction of TOPSIS model 
Considering that the original data information of each evaluation index is less, the construction 
of the evaluation model of Public transportation system in Guilin needs to make full use of the 
original data, so as to reduce the information loss and the constraints of the original data are 
also less, so TOPSIS model is considered to be constructed. 
TOPSIS method is the method of the distance between good and bad solutions, which is derived 
from decision science. Its central idea is to determine the positive ideal solution and the 
negative ideal solution respectively. The advantages and disadvantages can be judged 
according to the distance between the feasible solution and the negative ideal solution and the 
positive ideal solution. But in the public traffic system evaluation result does not have this kind 
of ideal solution and negative ideal solution, therefore, to introduce the better urban public 
transport service as its ideal solution, 2020 China well-off index survey of public service, public 
transport as a public service areas of public satisfaction with the highest, the public service 
satisfaction, Shanghai at the top of the list. Therefore, the public transport system of Shanghai 
is considered as the ideal solution of the evaluation model. 
(2) Optimization of entropy weight method 
The traditional TOPSIS method has some basic inadaptability, such as excessive reliance on 
subjective weight and inaccurate attribute weight, while the entropy weight method can 
allocate weight scientifically and objectively, so it can effectively make up for the defects of the 
traditional TOPSIS method. Therefore, the optimization of the entropy weight method for the 
TOPSIS model is considered to make up for the problem that the traditional method is too 
subjective. The specific steps are as follows: 
Step 1: 
There are n evaluation results, m evaluation attribute indexes and evaluation index score 
matrix, where the optimal value of y column is, and the approximation degree of and is: 
 

 The bus Public bicycle 

The evaluation index 

area Number of buses Per capita index 
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𝑬 =
∗ , 𝑦∗ = 𝑚𝑎𝑥 𝑦

∗

, 𝑦∗ = min 𝑦
                                                              (1) 

 
Step 2: 
For the score function matrix 𝑫 = (𝑑 ) ×  obtained after the normalization of matrix 𝑬 , 
calculate the entropy value 𝐻(𝐶 ) of the j attribute: 
 

𝐻(𝐶 ) = [ (𝑑 ) 𝑙𝑛 (𝑑 )]/[−𝑙𝑛 𝑛]                                            (2) 

 

𝑑 = 𝑬 / ∑ 𝑬                                                     (3) 

 
Step 3: 
Entropy is used to assign weight 𝜔  to attribute j, which is used as the evaluation system of 
TPOSIS, and the calculation formula is: 
 

0 ⩽ 𝜔 ⩽ 1, 𝜔 = 1 

𝜔 = [1 − 𝐻(𝐶 )]/[ (1 − 𝐻(𝐶 ))]     𝑗 = 1,2, ⋯ , 𝑚                    (4) 

 
(3) Establishment of TOPSIS model 
The TOPSIS model optimized by entropy weight method is more objective, and its model 
establishment steps are as follows: 
Step 1: 
The score matrix 𝒀 = (𝑦 ) ×  determined by n factors and m indicators is normalized, and 
the normalized decision matrix is 𝒁 = (𝑧 ) × , and the elements in Z are: 
 

𝒁 = 𝑦 / 𝑦        𝑖 = 1,2, ⋯ , 𝑛;   𝑗 = 1,2, ⋯ , 𝑚                               (5) 

 
Step 2: 
The weighted matrix X and matrix 𝑥  can be calculated according to Formula (6), where the 
weight 𝜔  is the weight of the j index obtained by the entropy weight method: 
 

𝑥 = 𝜔 × 𝑧 𝑖 = 1,2, ⋯ , 𝑛; 𝑗 = 1,2, ⋯ , 𝑚                                           (6) 
 
Step 3: 
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Then the distance between any solution 𝑥  and its positive and negative ideal solution 𝑆 , 𝑆  
can be calculated according to Equations (7) and (8), where 𝑥  and 𝑥  are the j component of 
the positive and negative ideal solution respectively: 
 

𝑆 = (𝑥 − 𝑥 ) 𝑖 = 1,2, ⋯ , 𝑛                                              (7) 

 

𝑆 = (𝑥 − 𝑥 ) 𝑖 = 1,2, ⋯ , 𝑛                                              (8) 

 
Step 4: 
The comprehensive evaluation value, namely, the closeness degree between the public 
transport system of Guilin and the public transport system of Shanghai, is 𝐶 : 
 

𝐶 = 𝑆 /(𝑆 + 𝑆 )                                                              (9) 
 
The closer the value of C  is to 1, the farther it is from the negative ideal solution, the better the 
corresponding scheme is and should be selected. The final comprehensive evaluation value can 
be expressed as calculated according to Formula (10), where k is the amplification factor of the 
final data: 
 

𝐹𝑖 = 𝑘𝐶     𝑖 = 1,2, ⋯ , 𝑛                                                       (10) 
3.1.2. Establishment of Evaluation Indicators 
(1) Data processing 
According to the bus route table and the distribution map of public bicycle rental points in 
Guilin city, the basic situation of public transportation in Guilin city can be obtained as shown 
in view of the more accurate TOPSIS model, this paper considers to screen the administrative 
divisions of the main urban areas of Guilin, and divide the six urban areas of Guilin. 
Show the basic situation of public transportation in the six urban districts of Guilin. The blue 
line network is the bus network prevailing in each region of Guilin, and the points are public 
bicycle rental points. 
The average operating speed of buses in Guilin is 10km/h at peak hour, 15-20km/h at flat peak 
and 25-30km/h at free flow. 
 

Table 1. Basic situation of Guilin City 
The administrative 

area 
Area (square 
kilometers) 

Number of bus 
stops 

Population (ten 
thousand) 

Number of people per site 
(thousands) 

Xiu Feng 54 69 16.34 2. 368 
Die Cai 52 68 18.53 2. 725 

Xiang Shan  88 101 29.18 2. 889 
San Xing 83 106 30.48 2. 875 
Yan Shan 288 37 13.41 3. 624 
Lin Gui 2202 117 47.34 4. 046 
Gui Lin 2767 498 154.98 3. 112 
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The basic situation of public transport in Shanghai is that the average speed of ground buses in 
central City in 2018 is 17.4km/h, 15.8km/h in the morning peak and 15.4km/h in the evening 
peak.Number of bus routes in Shanghai as of 2019:1,547. 
 

Table 2. Basic situation of Shanghai 
 Shanghai 

Site coverage On average, every 300 meters 

Average travel time spent 14.8 min 

Peak utilization 856/15 min 

During peak hours 18:00-19:00 

Cycling speed 8.6 km/h 

3.1.3. Result Calculation and Analysis 
First, the decision matrix is constructed, then normalize the data to get the normalization 
matrix. Determine attribute weight vector, then MATLAB was used to calculate the evaluation 
results of linear weighting method and TOPSIS method, as shown in Table 3: 
 

𝐴 = [

1.95 13.86 10.54 0.2368
1.88 13.65 11.96 0.2725
3.18 20.28 18.83 0.2889
3.00 21.29 19.67 0.2875

10.41 7.43 8.65 0.3624
79.58 23.49 30.55 0.4046

] 

𝜔 = (0.2,0.2,0.2,0.25,0.1,0.05)  
 

Table 3. Evaluation results of linear weighting method and TOPSIS method 
 Xiu Feng Die Cai Xiang Shan San Xing Yan Shan Lin Gui 

Linear weighting method 0.8555 0.8073 0.8514 0.8669 0.7015 0.6001 

TOPSIS method 0.6338 0.5621 0.6028 0.7003 0.4124 0.2333 

 
As can be seen from Table 3, in the sense of subjective weighting, schemes of linear weighted 
summing method and TOPSIS method are ranked as Qixing District > Xiufeng District > 
Xiangshan District > Overlapping CAI District > Yanshan District > Lingui District, namely, 
Qixing District has the highest score. It is not difficult to see that the public transport system of 
Guilin city qixing district is the most perfect, lingui district is still to be further developed and 
improved. 
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