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ABSTRACT  

Based on Baidu Street View Time Machine and field survey data, this paper analyses the spatial 

distribution of bicycle repair points in Dongcheng District of Beijing. By analysing the relationship 

between distribution of these points with population and spatial syntactic parameters between 2015 

and 2018, and the other functions associated with repair, this study found that the number of these 

points decreased to a certain extent, but their distribution is stable and tend to be flow-oriented. And 

their distribution derives many functions over time, reflecting that the space occupied by these points 

has a stronger spatial resilience. 
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1. INTRODUCTION 

With the development of economy and society, the function orientation of Beijing's "four centres" 

planning has gradually changed (ZHENG Xinyu, 2017). Stock development and function relief have 

gradually become the dominant direction of planning and design. In 2015, Beijing formally put 

forward the renovation project of "opening walls and digging holes", taking the urban planning of the 

old Beijing in the 1990s as the blueprint to restore the old blocks. At the same time, the government 

uses some of the space after governance to build public space to facilitate public life (GAO Jian, 

2016). In 2015, the government first proposed a new goal of population alleviation, that is, the total 

population of Beijing will be controlled within 20.3 million by 2020 (ZHAO Cheng-wei et al, 2017). 

Since 2017, the work of Beijing Municipal Government has been steadily intensified, and the effect of 

relief and renovation has made the city's environment more and more clean. However, the 

implementation of such policies often makes the function of community convenience service 

disappear gradually. Although the government also takes into account the needs of the people's daily 

life, it still remains to be verified that only through the construction of one-stop living convenience 

centre to meet the daily needs of residents. Many scholars in China and the West believe that the value 

of the city is to provide space for the survival and development of all strata and has a variety of 

functions. Where these operators go will be a question worthy of consideration (Jacobs Jane, 1961). In 

addition, from the academic point of view, whether the spatial distribution logic of self-organized and 

informal urban economy like bicycle repair points conforms to the standard of 10-minute or 15-

minute life circle planning based on distance and service radius is also a question worthy of further 

study. 
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Figure 1: After the treatment of Dongzhimen North Street, the bicycle repair point was transferred 

into the courtyard. 

With the development of information technology, the era of "shared economy" based on Internet big 

data has come quietly. In this context, the shared economy has gradually become the most active 

innovation area, and the shared bicycle, as a typical product of the "shared economy" era, has 

gradually become a new form of Internet economy. The emergence of shared bicycles not only has the 

advantages of low carbon, environmental protection, mobility and flexibility, but also solves the "last 

kilometer" problem of people's travel, which is conducive to alleviating urban congestion and 

facilitating people's travel. However, the rise of shared bicycles in major cities across the country has 

also led to a reduction in the use and purchase rate of private bicycles. Therefore, is the self-

organizing urban economy such as bicycle repair points obsolete in this context? And whether the 

bicycle repair point has its living space and the necessity of survival under the background of the 

shared era? 

Based on the above background, the main research questions of this study are: What is the spatial 

regularity of the natural distribution of bicycle repair points in urban streets? Will the decreasing trend 

of bicycle repair points lead to the disappearance of their living space? In view of the above problems, 

based on the open network data and field research data, this study is carried out in the following steps. 

(1) Because shared bicycles are widely used at the end of 2016, and dismantling violations and other 

policies are implemented in 2017, we compared the results of the survey in 2015 and 2018, and 

combined with the average spacing of bicycle repair points to analyse the distribution density changes 

before and after. In addition, by analysing the relationship between repair point and distance radius, 

and combining with spatial syntactic parameters, this paper tries to summarize the spatial distribution 

logic of bicycle repair point. 

(2) By comparing the results of street scenery and field survey in 2015 and 2018, the spatial 

distribution of bicycle repair points and other community service functions associated with them is 

analysed. 

2. DATASETS AND METHODS  

2.1 Collection and Selection of Bicycle Repair Point Data 

The research scope of this paper is about 13.8 square kilometers of the old urban area in Beijing 

Dongcheng District. This area mainly consists of Hutong residential area, a small number of multi-

storey and high-rise residential areas. This paper mainly uses Baidu Street View as the data source, 

and carries out carpet search on every street within the scope of the study, and records the location of 

bicycle repair points/shops by comparing the street views in 2013, 2015, 2016 and 2017. At the same 

time, in order to effectively analyse the distance between the points, a buffer is set up about 800m 

outside the scope of study, and the location of the repair points is searched and recorded by the same 

method in the buffer. 

In addition, due to the widespread use of shared bicycles at the end of 2016 and the implementation of 

policies such as dismantling violations in 2017, in order to fully reflect the impact of these external 

factors, this study conducted field surveys and sample interviews in April and August 2018 in the 

study area to clarify the current situation and use intensity of the distribution of bicycle repair points. 

According to the statistical results, the number of bicycle repair points is very stable from 2015 to 

2017. There are 57 repair points and 21 fixed shops in the study area (excluding buffer zone). In the 

two years, only 4 repair points have changed their locations in short distance, and the locations are not 

more than 50 m. The truly meaningful changes did not show up until April 2018 when field surveys 

were conducted: a total of 29 maintenance sites disappeared or closed in one year, a reduction of 

about 35%. Considering that the recent reduction in the number is related to strict urban management 

and control, the distribution of bicycle repair points in 2015 is used as the distribution state of natural 

state for spatial analysis, and the field survey in 2018 is synthesized to analyse the impact of bicycle 

repair points on the use of the situation and whether there is resilience in the distribution. 

2.2 Bicycle Maintenance Points and Population Data Processing 
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In order to quantify the factors affecting the distribution of bicycle repair points, this study focuses on 

the relationship between the resident population and the distribution of repair points in 2015 and 2018. 

In order to avoid the errors caused by the entrance and exit locations of each section, the total 

population values in the six reachable ranges of 500 m, 750 m, 1000 m, 1500 m, 2000 m and 2500 m 

centered on each street section are calculated respectively. Combining with the total number of 

bicycle repair points of each radius, the number of bicycle repair points per thousand people in 

different radius ranges in the research scope is calculated, so as to explore the relationship between the 

distribution of repair points and the distance of service. 

2.3 Research Method and Data Processing 

In this study, non-interventional and interventional methods were used to conduct field research, 

which was carried out from the aspects of business status and intensity of use. In view of the operation 

status of bicycle repair points, the author interviewed the owners of existing repair points to 

understand their years of employment, income status, the extent to which business is affected by 

shared bicycles, service functions other than bicycle repair, and changes in the overall volume of 

business, etc. Aiming at the use intensity of the repair point, the research adopts field survey to 

investigate the use status of the bicycle repair point at different times of the day, and assigns the 

results to analyze the use intensity. 

2.4 Spatial Syntactic Model and Parameters 

The line segment map of spatial syntax used in this study includes all the streets within the scope of 

Beijing Sixth Ring Road, and its accuracy is the highest shown by Baidu Map. With the development 

and application of spatial syntactic line segment model, recent research achievements include: By 

studying the spatial distribution of retail business, Peponis team concludes that the spatial 

agglomeration of retail business at all levels in a city is more affected by the topological space than by 

the traditional distance attenuation law (Scoppa. M and Peponis. J, 2015). Shangqiang's analysis of 

community-level commercial agglomeration and vegetable market scale in Beijing's Third Ring Road 

reveals that the level of topological connection in street space has a significant impact on its 

distribution (Sheng Q,2012; Sheng Q,2016). Wang Haofeng's analysis of some indicators of urban 

density, such as building density and commercial density, shows that there is a strong correlation 

between them and the topological form of street space (WANG Haofeng, 2015). However, the 

existing studies focus more on the spatial distribution of macro-functions at the urban scale, and do 

not carry out quantitative empirical research on street accuracy of a certain type of business. The latter 

has a higher guiding significance for urban and community planning and design, and is closely related 

to residents daily life. Therefore, this paper hopes to provide some exploratory empirical research 

cases for relevant directions. 

According to the study of spatial syntax, the local or global topological structure of urban road 

network is related to urban travel with different radius. The road network with a radius of one 

kilometer is often related to the traffic volume of people, and the road network with a radius of more 

than four kilometers is related to motor vehicles (Hillier B and Iida S, 2005). In addition, according to 

the White Paper on Shared Cycling and Urban Development in 2017, the average distance of bicycle 

users is about 2-3 kilometers, so it can be concluded that the spatial syntactic parameters of 2-3 

kilometers radius have a good correlation with bicycle traffic. In addition, on the basis of integration 

and selectivity, Hillier, Yang Tao and Turner proposed standardized angle selectivity (NACH) and 

standardized angle integration (NAIN) indicators, aiming at eliminating the interference of the number 

of line segments to the research process as far as possible, so as to achieve the results that can 

compare different spatial complexity and different scales of spatial size (Hillier, B et al, 2012). Based 

on the above research results, this paper quantitatively describes the distribution of bicycle traffic on 

street accuracy by using the standardized angle integration (NAIN) parameters of 2 km radius and the 

standardized angle selectivity (NACH) parameters of 3 km radius, and then explores the influence of 

"flow" on the spatial distribution of repair points.  

3. DISTRIBUTION LOGIC OF BICYCLE MAINTENANCE POINTS/SHOPS 

3.1Distribution Spacing of Repair Points 

In this study, the minimum distance between repair points is measured on Baidu map, and the average 

minimum distance between repair points is calculated as an index to measure their distribution density 

to test their distribution changes in 2015 and 2018. After calculation (Table 1), there are 78 repair 

3



 Proceedings of the 12th Space Syntax Symposium 

points/shops in 2015, with an average distance of 309.823 and a standard deviation of 158.097; 51 

repair points/shops in 2018, with an average distance of 308.529 and a standard deviation of 149.24. 

As the overall distribution of reduced repair points is relatively concentrated, the overall average value 

and fluctuation range show little change. 

Table1:Average Minimum Spacing of Bicycle Repair Points Distribution in 2015 and 2018 

Year Repair Points MAX MIN Average 

Minimum 

Standard 

Deviation 

2015 78 668 67 309.82 158.10 

2018 51 630 96 308.53 149.24 

From the visualization of the distribution spacing (Figures 2 and 3), we can clearly see the difference 

of the distribution density of bicycle repair points in the study area of 2015 and 2018. According to 

the distribution of repair points in 2015 and 2018, the spacing between repair points is divided into ten 

grades according to the maximum and minimum spacing and fluctuation range: <127m，127m-

187m，187m-247m，247m-307m，307m-367m，367m-427m，427m-487m，487m-547m,547m-

607m,>607m; It can be concluded that, with the boundary of East Sibei Avenue-East Sinan Avenue-

East Danbei Avenue, the minimum distribution spacing between repair points in the western part of 

the study area has not changed much in 2015 and 2018, while in the eastern part of the study area, it 

has been a significant change. That is, the minimum spacing between repair points in 2018 is 

generally increased compared with that in 2015, which is related to the sharp decrease of repair points 

in the eastern part of the research scope (27 existing repair points in the eastern part of the study scope, 

24 existing repair points in the western part of the study scope in 2018; 34 existing repair points in the 

eastern part of the study scope, and 44 existing repair points in the western part of the study scope in 

2015).  

   

Figure2: Minimum Distribution Spacing of Maintenance Points in 2015 (left)             

Figure3: Minimum Distribution Spacing of Maintenance Points in 2018 (right) 

In order to confirm the above viewpoint, the author uses the spatial syntactic Metric Step Depth 

(hereinafter referred to as MSD) parameter to analyze the spatial distribution changes of repair points 

in 2015 and 2018. It can be obtained by calculation (Table 2): The average distribution of repair 

points in 2015 was 374.079m, while the average distribution of repair points in 2018 was 459.119m. 

These two mean values represent the average distance from the repair point service area to that point. 
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It can be concluded that in 2018, the average distribution distance of repair points increased 

significantly and the distribution density decreased compared with that in 2015. 

Table 2: MSD Parameters of Repair Points in 2015 and 2018 

Year Street Segment MAX of MSD MIN of MSD AVG of MSD 

2015年 2517 1580.69 0 374.079 

2018年 2517 1580.69 0 459.119 

3.2Relationship between Spatial Distribution of Bicycle Repair Points and Population Density 

In terms of the average distribution distance of each repair point, the population it serves is not taken 

into account. Therefore, based on the population data of each street, this study carries out statistical 

analysis of bicycle repair points per 1,000 people in different radii in 2015 and 2018 (Figure 4). It can 

be seen that the average number of repair points per 1,000 people in 2018 under different radius is 

significantly smaller than that in 2015, and the difference of repair points under different radius is not 

obvious. It is noteworthy that in 2017, Beijing's inner city stepped up efforts to implement the 

blockade policy and removed all repair points from East 41 to East 40, so the number of repair points 

per thousand people under the service radius of 500m in 2018 is almost zero. 

 

Figure 4: Comparison of repair points per 1,000 people in different radii in 2015 and 2018 

3.3Relation between the Distribution of Repair Points and Spatial Syntactic Parameters  

As mentioned above, the average distance of bicycle users is about 2-3 km. Therefore, this study uses 

spatial syntactic parameters of 3 km radius standardized angle selectivity (NACH) and 2 km 

standardized angle integration (NAIN) to reflect bicycle traffic in street segments, and then analyses 

the relationship between the distribution of bicycle repair points and traffic. The visualization of 

NACH3000 and NAIN2000 calculated by Depthmap and overlapped with the spatial distribution of 

bicycle repair points in 2018 (Fig. 5 and Fig. 6) shows that most bicycle repair points are located in 

the streets with high bicycle traffic. 
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Figure 5: Fitting relationship between NACH3000 and the distribution of repair points/shops in 2018 

(left) 

Figure 6: Fitting relationship between NAIN2000 and the distribution of repair points/shops in 2018 

(right) 

Combining with the analysis of NACH3000 and NAIN2000 values in the research area (Table 3), it is 

concluded that the street segments with NACH3000 values (> 1.23) account for the first 20% of the 

street segments in the research area, which belong to the streets with better selectivity. Similarly, the 

street segments with NAIN2000 value (> 1.42) accounted for the first 20% of the street segment 

integration value in the scope of the study, belonging to the streets with higher integration degree, 

indicating that these street segments have better accessibility and can support more bicycle traffic. At 

the same time, combined with the values of NACH3000 and NAIN2000 of 78 bicycle repair points in 

2015 and 51 bicycle repair points in 2018, according to statistics (Table 4), 40% of the repair points in 

2015 are in the street segments with good selection and high integration, and 31% in 2018. And in 

2015 and 2018, the proportion of NACH3000 and NAIN2000 on the top 50% of the street points 

accounted for 71% and 75% respectively. 

Table 3: Numerical analysis of NACH3000 and NAIN2000 street segments 

Parameter MAX MIN AVG Top 20% Top 30% Top 50% 

NACH3000 1.44 0 0.98 ≥1.23 ≥1.15 ≥1.03 

NAIN2000 2.08 0.48 1.20 ≥1.42 ≥1.33 ≥1.19 

Table 4: The relationship between the distribution of repair points in 2015 and 2018 and street 

accessibility 

 repair points

（2015） 

Proportion (%)

（2015） 

repair points

（2018） 

Proportion (%)

（2018） 

Top 20% of  

NACH3000 

36 46% 21 41% 
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Top 20% of 

NAIN2000 

40 51% 21 41% 

Top 20% of 

NACH3000&            

Top 20% of 

NAIN2000 

31 40% 16 31% 

Top 30% of 

NACH3000 

46 59% 30 59% 

Top 30% of 

NAIN2000 

48 62% 31 61% 

Top 30% of 

NACH3000&            

Top 30% of 

NAIN2000 

42 54% 25 49% 

Top 50% of 

NACH3000 

64 82% 42 82% 

Top 50% of 

NAIN2000 

60 77% 41 80% 

Top 50% of 

NACH3000&            

Top 50% of 

NAIN 2000 

55 71% 38 75% 

The above analysis shows that most of the bicycle maintenance points are located in the streets with 

better accessibility, and their spatial distribution has a good fitting relationship with traffic parameters. 

It can be concluded that the spatial distribution of bicycle repair points has its own self-organizing 

logic, which is largely affected by bicycle traffic rather than service radius. 

4. Use and Functional Complexity of Bicycle Maintenance Points 

4.1Service Status of Repair Points/Stores 

For the 51 existing bicycle repair points in 2018, 31 representative repair points were interviewed in 

this study, and the sample coverage rate reached 60.8%. Interview results show that the average 

number of years of employment of shopkeepers is about 17 years, the income range is 1000 yuan to 

6000 yuan, and the average income is about 3000 yuan. Each shopkeeper clearly indicated that after 

the emergence of shared bicycles, the business volume of repairing bicycles was significantly affected, 

ranging from 10% to 80%. However, due to the development of express delivery and takeaway 

business in recent years, the proportion of electric vehicle maintenance has increased significantly, 

and besides bicycle repair, some repair points also have many functions, such as unlocking and shoe 

repair, so the shopkeepers with complete service functions are slightly impacted by shared bicycles, 

while the income of shopkeepers who only manage bicycle maintenance has decreased significantly. 

In addition, for the view of the policy of dismantling and removing violations, shopkeepers generally 

reflect that their living space is insecure, and they are increasingly worried about their own career 

development. 
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By analyzing the use intensity of 51 bicycle repair points, we can intuitively understand the demand 

of residents for repair points, as well as the spatial distribution of 51 bicycle repair points within the 

scope of study and the use status of five time periods in a day (fig. 7). Specifically, we choose five 

time periods of the day from 8:30 to 9:30, 10:30 to 11:30, 12:30 to 13:30, 14:30 to 15:30, 16:30 to 

17:30 to observe the use of bicycle repair points. For each time period, unguarded points are assigned 

1 point, points that are guarded but not used are assigned 3 points and those that are guarded and used 

are assigned 5 points. And the strength of bicycle repair point/shop in one day is obtained by adding 

up the five time periods. Next, the numerical analysis of the use intensity (Figure 8) shows the use 

intensity of 51 bicycle repair points in different periods of the day and the total use intensity of each 

point. According to statistics, 90.2% of bicycle maintenance points with shopkeepers guard, that is, 

the total strength score greater than 5 points. The percentage of people using points (at least 5 points 

in one survey period) reached 80.4%. And at least three periods of time, 43.1% of the repairs points 

were working. This shows that the surrounding residents still have a strong demand for bicycle repair 

points. 

 

Figure 7: Distribution of Bicycle Repair Point Service Intensity in 2018 

 

Figure 8: Summary of Bicycle Repair Points'Use Strength in 2018 
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4.2Multifunctional Analysis Associated with Repair Points 

Through the street view and field survey in 2015 and 2018, it was found that some bicycle repair 

points/shops not only have the function of repairing bicycles, but also have the functions of repairing 

electric bicycles, repairing locks and keys, repairing shoes and other community services (figs. 9 and 

10). In view of this phenomenon, based on the survey results in 2015 and 2018, the author makes a 

statistical analysis of multi-functional bicycle maintenance points. 

According to the survey results in 2015, among 78 bicycle repair points/shops, 31 (39.7%) are able to 

repair electric vehicles; 55 (75.5%) are able to match keys or repair shoes; 39 (50.0%) have the 

function of matching keys, and 16 (20.5%) have the function of repairing shoes. According to the 

survey results in 2018, out of 51 bicycle repair points/shops, 36 (70.6%) are able to repair electric 

vehicles; 26 (51.0%) are able to match keys or repair shoes;  16 (31.4%) have the function of 

matching keys; 10 (19.6%) have the function of repairing shoes. 

   

Figure 9: Distribution of Repair Points and Associated Community Service Functions in 2015 (left)             

Figure 10: Distribution of Repair Points and Associated Community Service Functions in 2018 (right)  

Comparing the multi-functional analysis of bicycle repair points in 2015 and 2018, it can be 

concluded that the proportion of key matching or shoe repair functions in repair points/shops has 

basically not changed, while the proportion of electric vehicle repair has increased significantly. 

Combined with the interviews with shopkeepers of bicycle repair points in 2018, it can be concluded 

that although the development of shared bicycles will lead to the reduction of bicycle repair business, 

due to the rise of express delivery, takeout and other businesses, the proportion of electric vehicle 

maintenance is gradually increasing, and many shopkeepers have gradually acquired the skills of 

electric vehicle maintenance. From this point of view, we can also see the elastic change of service 

function of bicycle repair points under the spatial toughness distribution. 

5. CONCLUSIONS  

Taking the comparison of the spatial distribution of bicycle repair points in 2015 and 2018 as an 

example, this study preliminarily explores the internal logic and general law of the spatial distribution 

of self-organized and informal urban economy. The conclusions can be summarized as follows: 

(1) The study finds that most of the reduction of bicycle repair points/shops is due to dismantling 

violations, while in the natural state, even in the case of social technology updates such as "shared 
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bicycle", its spatial distribution is not significantly affected. From this we can conclude the 

tenacity of its spatial existence. 

(2) The spatial distribution of bicycle repair points has no obvious relationship with population 

density, but is closely related to the spatial topological accessibility of roads and streets. It can be 

concluded that the spatial distribution of such self-organized and informal urban economy is more 

subject to the spatial logic centered on "flow" than to the distance logic of service radius in the 

traditional planning sense. 

(3) Neighboring residents still need to use bicycle repair points. Moreover, a bicycle repair point is 

often accompanied by a variety of community service functions, similar to a miniature 

community function aggregation. And with the development of time, the functions it serves also 

keep pace with the times. Therefore, while renovating the urban landscape, it is necessary to take 

into account the living space of such self-organized and informal urban economy and its unique 

distribution law, and to determine its distribution location and increase its distribution density 

according to the spatial topological accessibility of each area. 

The resilience of repair points in spatial distribution indicates that although specific service functions 

may disappear with the development of technology, functions with similar spatial accessibility 

requirements will fill this gap. The daily service functions such as bicycle repair, electric vehicle 

charging, unlocking and even shoe repair have similar requirements for service radius, frequency and 

throughput, and the urban spatial structure creates a relatively stable "habitat" to meet these needs. We 

believe that the study of decoding the spatial logic behind these "habitats" will provide important data 

design tools for planning and design aimed at improving the quality of life. In addition, we should 

also think that urban space serves the majority of people and should be inclusive enough to provide 

space for the survival and development of all sectors of society. 
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