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Abstract

:

With large-scale urban demolition, the spatial pattern of the urban area in many cities has been destroyed, leading to the loss of urban regional identity; therefore, these urban spaces need to be urgently studied and protected. Previous studies on the spatial pattern of urban areas focused on spatial morphology or urban texture. However, due to difficulties in obtaining field survey data, such studies cannot comprehensively analyze the space; thus, the proposed conservation strategies are also more one-sided. In order to study the urban space more scientifically and systematically, and to propose a more operable spatial conservation strategy, this paper conducts a new urban space analysis method based on space syntax and the geographic information system using multisource data. With the help of software such as Depthmap and ArcGIS, as well as theories and methods such as space syntax and regression analysis, this article conducted a visual and quantitative analysis of the spatial information data such as integration of urban road networks, building height, architectural style, points of interest, number of lanes, and maximum road speed. Taking the old city of Wuxi as an example, the method’s feasibility was verified. The regression model analysis revealed that, when the integration of the area was higher, the buildings distributed around were multilane, fast lane, modern buildings, taller buildings, commercial buildings, and vice versa, which gives a scientific basis for the proposed strategy of creating regional characteristics of urban space. This new analysis method of urban space is of great significance for the study of urban problems, the exploration of urban characteristics, and the proposal of urban strategies.
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1. Introduction


Creating an urban space with regional characteristics is a fundamental goal of urban development, which is very important for promoting cities’ sustainable economic and cultural development. However, with large-scale urban demolition and construction, the spatial pattern of the urban area in many cities has been destroyed, leading to the loss of urban regional identity and reducing the residents’ sense of urban identity; these urban spaces need to be urgently studied and protected. Many early studies analyzed urban areas and proposed conservation strategies based on fieldwork. However, most focused on the geometric characteristics, physical attributes, and spatial distribution of space, including studies on spatial morphology [1], urban structure and form [2], urban texture [3], and planar patterns [4]. These studies conducted a qualitative analysis of spatial patterns from historical development. However, due to specific difficulties in obtaining field survey data, such studies often could not comprehensively and systematically analyze the current space; hence, the proposed conservation strategies were often more one-sided and lacked systematicity and scientificity. A more scientific and visual analysis method is needed to analyze the urban space to propose a more scientific, systematic, and operable spatial conservation strategy.



The emergence of massive and multisource urban data provides the basis for a more systematic and scientific study of urban space. Meanwhile, data analysis and integration methods such as space syntax and the geographic information system have provided critical theoretical and technical support for the analysis of urban space. Many researchers have recently changed from a traditional mechanical thinking mode to thinking mode based on big data, integrating emerging research such as urban computing, artificial intelligence, and big data research with urban research [5]. Li et al. [6] used space syntax analysis and the geographic information system to understand the tourism space of the historical sites in Gulangyu Island and explored the relationship between street network integration and urban structure. Yue et al. [7] developed a series of indicators using the numbers of cell phone subscribers in a 24 h period and point-of-interest data, resulting in a new method for studying the relationship between neighborhood vibrancy and point-of-interest data. Xu et al. [8] explored the relationship between street networks and visitors’ spatial perceptions, thus assisting designers and managers in identifying where cognitive experiences can be improved. Liu et al. [9] analyzed the driving mechanism of urban dynamics using human activity data, geospatial data, and internet-contributed big data. Liu et al. [10] proposed a novel framework for visualizing and exploring POIs on the semantic space of POI types, which provides ideas for exploring and developing the functions and dynamics of urban areas. Askarizad et al. [11] implemented a combination of empirical axial line and visibility graph analysis using the space syntax technique. They investigated the influence of social interactions on people’s behavior patterns in urban spaces and evaluated the consistency of the research results using ArcGIS software. Şen et al. [12] conducted a comparative study of the spatial integration values obtained by the accessibility graphs and the visual integration values obtained by the visibility graphs in 15 traditional houses plans in Turkey, providing a basis for interpreting the social and cultural information that exists behind the space configuration of Bitlis traditional houses. Chen et al. [13] used Depthmap software based on space syntax to study the relationship between the wayfinding system of the outpatient areas and the behavior of patients in a hospital, giving suggestions on the location, format, and content of the wayfinding system. Andrakakou et al. [14] investigated the configurational centralities in metropolitan Copenhagen created by the road network on the basis of space syntax analysis and active centralities of land-use patterns with a geographical approach using data from Open Street Map, exploring the significance of the centralities in terms of pedestrian and cyclist accessibility and the role of configurational centralities in shaping land-use patterns. However, the existing literature tends to focus on urban dynamics or urban tourism, while very few studies have analyzed urban space to preserve the original regional characteristics of the space using multisource data. Therefore, this paper attempted to innovate the approach of spatial research and conservation from the perspective of using multisource data analysis to propose strategies for preserving the regional characteristics of cities.



In summary, multisource information and quantitative analysis methods enable the research on urban space to be no longer limited to field research and qualitative analysis, which can effectively improve the systematicity and scientificity of the research. This paper constructs a more macro and systematic urban spatial analysis method based on the geographic information system. Firstly, the data on architectural style, building age, number of lanes, and maximum road speed obtained from fieldwork, the data on building outline, points of interest, and building height obtained from big urban data, and the data on urban road network analysis based on space syntax were integrated into the geographic information system and visualized and quantified for analysis. Secondly, the current characteristics of urban space were explored through the analysis of visual maps and influence mechanisms. Lastly, the protection methods of regional spatial characteristics were put forward on the basis of the urban space’s current characteristics. Taking the old city of Wuxi as an example, the feasibility of the above method was verified. This new research practice provides a methodological reference for similar urban space research and provides theoretical support for the sustainable development of urban spatial characteristics.




2. Methods and Data


2.1. Conceptual Framework


The framework of the new urban space analysis method proposed in this paper is divided into four parts: data collection and organization, data fusion, data analysis, and strategy proposal based on data analysis results (Figure 1).




2.2. Multisource Data Fusion


With the development of modern technology such as aerospace, many satellites provide us with high-definition map images, while multisource map data sources such as Map World and Amap (similar to Open Street Map) also provide us with significant analysis data.



Map World is collected and published by China’s State Bureau of Surveying and Mapping and related navigation data companies. It is a national platform for common geospatial information services, providing data such as image maps, traffic road networks, water networks, building contours, building heights, and building functions for city residents. Meanwhile, the accurate vector data of the public version of Map World is open-source, enabling a more in-depth study of the spatial pattern of the urban area.



Amap is a provider of digital map content, as well as navigation and location services, in China. Its best feature is its ability to provide destination search and navigation services as a function of the company’s mastery of a vast amount of geographic information data. One of the essential items of the company’s geographic information is represented by the points of interest in the city, reflecting the functional attributes of different city areas and their density, making it convenient to analyze the urban space. Amap provides users with an API interface in which the point-of-interest data are open-source. These data have the characteristics of comprehensive coverage and real-time updating. The research conducted with these data can improve the scientificity and timeliness of studies on the spatial pattern of the old urban area.



The geographic information system [15] provides the key technical support for integrating a massive amount of big data. Using the geographic information system, we can integrate the data obtained from fieldwork with a vast amount of big urban data for data visualization and comparative analysis.



In this paper, the vector data of building height obtained from Map World, the point-of-interest data obtained from Amap, and the spatial distribution data on building age, architectural style, number of lanes, and maximum road speed obtained from fieldwork were integrated into ArcGIS software.




2.3. Space Syntax-Based Analysis


Space syntax is a theory and method for investigating the society–space relationship. Through a new definition of spatial order, space syntax establishes a method for analyzing spatial patterns that emphasize the relationship between local morphological relations and global patterns for discovering and quantifying the existence of different local and global morphological features and ultimately achieving the mathematization of the research result from intuitive formal principles through a mathematical model [16,17]. Space syntax has become a fundamental method for studying urban morphology and the behavior of urban residents. It can help architects to explain and predict forms, as well as visualize the existing deep structures of architectural and urban space [18]. The complexity of topology and geometry plays a crucial role in how people navigate the urban grid [19,20]. Space syntax internalizes the geometric and metric properties of space into its structure through a “line graph”, allowing the graph analysis to pick up the nonlocal or extrinsic properties of the space to analyze the relationship between urban space and social factors [21,22].



With the help of computer software such as Depthmap, it is possible to visualize and quantify the spatial hierarchy of street networks on the basis of space syntax theory, thus achieving a deeper understanding of the structure of urban grids and how these structures relate to urban functions [23,24]. DepthmapX developed by University College London, with the measurement of axial graph analysis and angular segment analysis by metric distance inside the software, was applied to our case to measure the spatial configuration of street networks in the morphological structure of the old urban area of Wuxi. We mainly focused on two metrics. The first was the integration (including global integration and local integration) in the results of axial map analysis, and the second was the street network closeness under different metric distances in the results of angular segment analysis. Both axial map analysis and angular segment analysis were divided into two types: global-scale and local-scale analysis. The global-scale analysis measured the average depth of an axial line or segment with respect to all other axial lines or segments in whole street networks, while the local-scale analysis calculated a limited radius [6].



The global integration value Ii refers to the degree of spatial aggregation or dispersion between the ‘i’ space and other spaces, and the local integration value Ii(K) refers to the relationship between the ‘i’ space and other spaces within K steps. Usually, K is 3, and this term is named radius-3 integration. The equations for global and local integration are shown below. The integration value is the most commonly used and vital analysis variable. A higher integration value indicates a higher accessibility and commonality of the space [8].


   I i  =   n  (    log  2  ( ( n + 2 ) / 3 ) − 1  )  + 1   ( n − 1 )  (   D i  − 1  )    .  



(1)






   I i  ( K ) =   n  (    log  2  ( ( n + 2 ) / 3 ) − 1  )  + 1   ( n − 1 )  (   D i  − 1  )    .  



(2)







The street network closeness reflects how close each segment is to all others under different types of distances. Paths between all segments and others can be assessed in terms of least length, fewest turns, and fewest angle paths [25,26]. We mainly use the least length for angular segment analysis to study the street network closeness. The equation for closeness is shown below, where dik refers to the length of a geodesic (least length) between node Pi and Pk [6].


   C C   (   p i   )  =    (    ∑  k   d  i k    )    − 1   .  



(3)








2.4. Regression Model-Based Analysis of Geographic Information


The integration results of the urban road network calculated in Depthmap software were imported into ArcGIS software. First, the road network axial map was connected with the values of the number of lanes and the maximum speed in the ArcGIS software. Second, the values of the integration data from the axial map were connected to the buildings by connecting the integration data to the buildings using the Spatial Join tool. The building height data were numerical data obtained from Map World, corresponding to the buildings, and could be calculated directly. The building style data were textual and, hence, needed to be virtualized to be calculated mathematically. As for the point-of-interest data, we mainly calculated the points of interest related to shopping services. The kernel density of the points of interest was calculated in ArcGIS, and then the calculation results were assigned to the points using the Extract by Points tool, before connecting the data of the assigned points with the building through the Spatial Join tool. Finally, the analysis between integration and geographic information was realized by establishing regression models between integration and building height, architectural style, points of interest, number of lanes, and maximum road speed. Before the above regression model calculation, the Z-score was calculated to standardize all data. The final regression model was based on the R-squared value and significance to determine the correlation, and all data are presented in tables and visual figures. A positive standardized coefficient denotes that the variables involved in the calculation are positively correlated, and vice versa. The R-squared value represents the degree of correlation between the variables.




2.5. Case Selection


The case study was based on the old urban area of Wuxi (in Jiangsu Province, southeastern China). The reason for choosing it as a case study is that Wuxi is an important historic city in China’s South Yangtze River region. In ancient times, the river system in the old urban area of Wuxi was very well developed (Figure 2), and people lived on the river, used the water for their daily use, and traveled by the river; thus, the old urban area had a unique spatial pattern. However, in the process of urban construction, renovation methods such as filling in the river to build roads and tearing down the city wall to build roads have significantly changed the original spatial pattern of the old urban area. The spatial pattern of the old urban area of Wuxi can hardly reflect its regional characteristics due to the wide roads and large-scale modern buildings (Figure 3a).



Taking the old city of Wuxi as a typical case, the new urban space analysis method based on space syntax and the geographic information system using multisource data was put into practice, providing a reference for the research and protection of similar urban spaces.





3. Results


3.1. A Space with a Single Core and Independence


On the basis of the global integration analysis of the old urban area of Wuxi, the distribution characteristics of integration in the old urban area of Wuxi indicated that the integration of the main road and Jiefang Ring Road was high, while the integration of the collector street and the road on the periphery of Jiefang Ring Road was low. There was an apparent convergence point in the space of the old urban area, which was located in the center of the urban area (Figure 4a).



When we extended the extent of the axial map of the old urban area by 1 km in all directions, we found that the distribution characteristics of integration in the old urban area of Wuxi were unchanged with the expansion of the axial map (Figure 4). The integration of the main road and Jiefang Ring Road was high, while the integration of the collector street and the road on the periphery of Jiefang Ring Road is low. It can be concluded that the old urban area was less influenced by the spatial pattern of the periphery of the ring river and had the characteristics of independence.



Historically, Wuxi was a single-core space in ancient times, related to its crisscross river network distribution (Figure 3b). The old urban area had the characteristics of independence because it was a separate geographical unit, separated from the surrounding area by the city ring river and connected to it only by bridges in all directions. Therefore, the human activities within the old urban area were independent compared to the surrounding areas.




3.2. A Space with Duality and Positive Information Coupling


As shown in Figure 5a, in the old urban area of Wuxi, Zhongshan Road, Mid Renmin Road, and Renmin Road East had the highest integration, while the integration of Jiefang Ring Road and other main roads was also high. The integration of collector streets and roads located in the north, east, and southwest of the urban area was low. The regression model analysis revealed that the significance value calculated between integration and number of lanes, and the maximum road speed was 0.00, while the standardized coefficients were all positive (Table 1), and the adjusted R-squared in both models was around 0.37 (Table 2). Therefore, it can be determined that there was a significant positive correlation between integration and the number of lanes, and the maximum road speed. The areas with high integration tended to be distributed on wider and faster roads, while areas with low integration tended to be distributed on narrower and slower roads (Figure 5e,f). Through the above analysis, we can find that the spatial pattern of the old urban area of Wuxi had dual characteristics. The main road had high accessibility, while the internal collector street and the road on the periphery of Jiefang Ring Road had low accessibility. In the urbanization process, many demolition and construction activities were carried out in the old urban area of Wuxi. The traditional buildings on both sides of the main road, which were initially low and small in scale, were demolished, and a large number of tall and large-scale modern buildings were built, while some low and small-scale traditional buildings, pre-modern buildings, and pragmatic buildings remained along the collector streets and at the urban fringe areas, indicating the space’s dual characteristics.



Comparing the integration analysis results with the information on building outline, building height, points of interest, and architectural style in the geographic information system, was is found that the integration distribution status shown by space syntax was highly coupled with the information on buildings (Figure 5b–d). The regression model analysis revealed that the significance value calculated between integration and the geographic information of buildings was 0.00, the standardized coefficients were all positive (Table 1), and the adjusted R-squared value in the three models was around 0.02 to 0.03 (Table 2). Therefore, it can be determined that there was a significant positive correlation between integration and the geographic information of buildings. Through the above analysis, we can find that the space of the old urban area of Wuxi had the characteristics of positive information coupling. The main roads (Zhongshan Road, Mid Renmin Road, Renmin Road East, Jiefang Ring Road) with high integration had good accessibility and were matched with commercial spaces, modern buildings, high-rise buildings (0–40 stories), and large-scale urban fabric. On the other hand, the urban fringe areas and internal streets with low integration were less accessible and were matched with factories, schools, old neighborhoods, traditional buildings, pre-modern buildings, pragmatic buildings, multistory buildings (4–9 stories), and small-scale urban fabric.



The space of the old urban area had the characteristic of coupling because the spatial classification mechanism had a self-organizing effect [27]. Commercial development will choose highly integrated areas, where buildings have a modern style and usually use modern materials such as glass curtain walls to attract people’s attention. At the same time, because the commercial space has to carry a large number of people, its building scale is huge. On the other hand, areas with low integration have not been affected by commercialization and still have traditional, pre-modern, and pragmatic buildings, small in scale and short in height.




3.3. A Space Affected by Urban Road Construction and Vehicular Traffic


When we study the urban structure in terms of how parts of the city are accessible to each other, different radials make the urban space show different characteristics [28]. This paper investigated the spatial characteristics of the axial map of the old city of Wuxi when the radius was 2 and 5. The calculation results of the axial map under different radii represent the space’s characteristics under different travel modes. When the radius was 2, it represented the characteristics of the space when pedestrian traffic was dominant, whereas, when the radius was increased to 5, it represented the characteristics of the space when vehicle traffic was dominant. The analysis was divided into two parts. First, we ran graph analysis of the axial map with radius = 2 and radius = 5 in Depthmap software and interpreted the visualization results. Second, we analyzed the synergy of the local integration (when the radius was 2 and 5) and global integration [29] and analyzed which traffic mode had a higher synergy between local and global integration. The synergy analysis transformed the axial map into a scatter plot, expressed in Depthmap software as y = ax + b (where a is a coefficient, and b is a constant) with the R-squared value. The calculation result of the formula y = ax + b is a trend line, which is used to predict the trend of the scatter plot. The R-squared value indicates the degree of fitting.



When the radius was 2, the integration of Zhongshan Road, Mid Renmin Road East, Jiefang Road North, and Xianqian Street East in the old urban area of Wuxi was high, while the local integration of all other roads in the urban area was low (Figure 6a). The R-squared value of synergy was 0.34 (Figure 7a).



When the radius was 5, the integration of the main roads in the whole urban area was high, such as Zhongshan Road, Renmin Road, Jiefang Ring Road, Xianqian Street East, Xianqian Street West, Xueqian Street, and Xueqian Road East, and only the integration of the collector street and the road on the periphery of Jiefang Ring Road was low (Figure 6b). The R-squared value of synergy was 0.79 (Figure 7b).



Comparing the integration and the R-squared value of synergy of urban space under different radii, we could find two phenomena. First, whether the radius was 2 or 5, only the main roads had high integration, while other road networks had low integration. When the radius was 2, there were a small number of main roads with high integration. With the increase in radius from 2 to 5, the integration on the main traffic roads in the whole city was higher. However, the integration of the collector street did not increase significantly. It can be concluded that wider urban roads had a more significant impact on urban space than narrower urban roads. Secondly, the R-squared value of 0.79 for radius = 5 was about twice as high as that of 0.34 for radius = 2. Since the integration of space at radius = 5 represented the characteristics of urban space under vehicular traffic, we can assume that vehicular traffic had a more significant impact on urban space than pedestrian traffic. In summary, the wide urban roads and vehicular traffic significantly impacted the space in the old urban area of Wuxi. With the increase in population, the improvement of people’s economic level, and the acceleration of urbanization, vehicle traffic has become the primary mode of transportation. Thus, we have gradually adapted the urban network to vehicle traffic and abandoned the urban network adapted to pedestrian traffic [30]. The transportation mode of vehicle traffic has brought great convenience to people’s lives but has led to the loss of the regional characteristics of the urban spatial pattern.




3.4. A Space with Aggregation and Commerciality


The road network closeness of the old urban area of Wuxi was analyzed using Segment Map. The road network closeness of the space showed different characteristics at different travel distances. When the travel distance was 100 m, the road network closeness of the local area around the western section of Xueqian Street and the northern section of Zhongshan Road was high, while the road network closeness of the vast majority of the urban area was low (Figure 8a). When the travel distance was 500 m, the road network closeness of Xianqian Street East, the northern section of Zhongshan Road, and Xinsheng Road in the old urban area of Wuxi was the highest, while the road network closeness of Jiankang Road and the southern section of Jiefang Road South was also relatively high. In contrast, the road network closeness of all other roads in the urban area was low (Figure 8b). When the travel distance was 1000 m, the road network closeness in the middle section of Zhongshan Road was the highest, while the road network closeness in the area around this section and the area to the north was also high; only the road network closeness in the southern section of Jiefang Road South and on the periphery of Jiefang Ring Road was low (Figure 8c).



According to the above analysis, with the increase in travel distance, the spatial pattern of the old urban area of Wuxi first showed the characteristics of gathering to the central area, located in the center of the space of the old urban area, while the space of the old urban area changed from multi-core to single-core. When the travel distance was short, the areas with high road network closeness were located around the urban area. With the increase in travel distance, the area with high road network closeness became the core area where the main roads of the old urban area intersected.



In addition, the space of the old urban area of Wuxi was characterized by a spatial aggregation toward the commercial center. With the increase in travel distance, the gathering of people in the old urban area changed from the gathering in different spaces such as parks, residences, schools, and commercial areas to the gathering in commercial spaces.



Business drivers and personnel gathering were the most critical factors affecting the spatial pattern. When residents travel short distances, the urban space had a multi-core and multi-functional space pattern, whereas, with the increase in travel distance, people gathered in the commercial space center with high integration and high accessibility. This also reflects that consumer culture has affected space and people’s perception of space [31].





4. Discussion


According to the analysis of the spatial characteristics of the old urban area of Wuxi, the below-described strategies are proposed for the effective construction of the regional characteristics of urban space.



4.1. Reducing the Impact of Road Construction on Urban Space and Maintaining the Independence of the Old Urban Area


The spatial pattern of the old urban area of Wuxi was formed after a long period of evolution; the current single-core spatial pattern is consistent with history, and this spatial characteristic should be continued. We developed a regression model for the effect of the number of lanes on the integration situation. The analysis revealed that the significance value calculated between the number of lanes and integration was 0.00, the standardized coefficients were all positive (Table 3), and the adjusted R-squared value in the models was around 0.14 (Table 4). Therefore, it can be determined that the number of lanes significantly impacted the integration. When the number of lanes was doubled, the integration of space increased by about 14%. In the previous section, we constructed regression models between integration and building height, architectural style, and point-of-interest data. These models revealed a positive correlation between the integration and the geographic information mentioned above. We can conclude that, with the increase in lanes, the integration of urban space would increase; hence, larger buildings, modern buildings, and commercial buildings would be built, further aggravating the loss of the regional identity of the old urban area.



The transportation mode of vehicle traffic has changed the old spatial pattern of the old urban area of Wuxi, and the space has changed from a natural pattern to a mechanical pattern. In the reconstruction of the spatial pattern of the old urban area of Wuxi, the negative impact of vehicular traffic on the spatial structure of the urban area should first be reduced. We should avoid the development of major roads crossing the historic center and the construction of new bridges, as well as reduce the widening of lanes and the construction of new roads. Second, traffic and pedestrian traffic should be separated to control vehicles from crossing the historical areas, and more pedestrian areas should be established in the old urban area.




4.2. Formulating Spatial Zoning and Gradually Transforming the Space of the Old Urban Area


The space of Wuxi’s old urban area has the duality of structure and coupling of spatial information. These characteristics show that the space of the old urban area is abundant. The public spaces of the urban area provide a place for gathering people, while the spaces within the residential area form a close interpersonal relationship between people, and these two spaces form the richness of the overall space [32]. Therefore, for the transformation of the space of the old urban area, we should first formulate the zoning of space and different architectural transformation standards for different areas, and then use organic renewal theory to gradually transform the urban space and restore the historical style of the old urban area.



The areas along the main roads with high integration are essential areas for displaying urban style, and the reconstruction of the regional characteristics of the buildings in these areas can enhance the integrity and regionality of the urban style. It is necessary to make the new buildings conform to the historical features of the old urban area by means of architectural color transformation, building material replacement, facade design, building volume decomposition [33], fractal design, and elevated ground floor design method [34].



There are many historical buildings along the collector streets and the urban fringe areas, and the protection of these buildings is of great significance for constructing the regional features of the old urban area. It is necessary to formulate protection strategies for areas of different sizes, such as single building, block, and urban area, to protect the style of historic buildings and restore the historical pattern of the old urban area.




4.3. Reconstructing the Old Pattern of the Urban Area and Using New Functions to Promote the Historic Area


Although most of the highly integrated areas in the old urban area of Wuxi lack regional characteristics due to the influence of factors such as wide roads and tall commercial buildings, there are still some historical areas on less integrated roads with regional characteristics in the old urban areas. We should purposely make these areas more segregated to promote these areas for the respective kinds of venues. Specifically, they should divided into two parts. First, we should add roads to the periphery of the historic areas to form a grid, which not only allows the historical areas to be connected with the main roads but also keeps these areas relatively isolated and allows them to maintain the scale of the traditional streets and the small-scale urban fabric, to restore the spatial form of the traditional period. Second, consideration can be given to transforming the historical block into a block with new functions such as cultural leisure blocks, tourist attractions, residential areas, and recreation clubs to activate the site and attract tourists [35], such as transforming historical buildings into cultural museums, historical characteristic restaurants, and regional characteristic homestays. Historic buildings can even be transformed into fashion exhibition venues, entrepreneurial incubating bases, and small lecture venues.





5. Conclusions


The spatial transformation of the old cities influences the fate of the historic core, not only in terms of physical morphology but also in terms of various sets of social parameters which incorporate the urban elements [36]. With the large-scale urban demolition, the spatial pattern of the urban area in many cities has been destroyed, leading to the loss of urban regional identity; therefore, these urban spaces need to be urgently studied and protected.



The emergence of massive and multisource urban data provides the basis for a more systematic and scientific study of urban space. Meanwhile, data analysis and integration methods such as space syntax and the geographic information system have provided key theoretical and technical support for the analysis of urban space. Accordingly, this paper conducted a new urban space analysis method based on space syntax and the geographic information system using multisource data. This method has two advantages. First, it can consider many factors in urban space, such as building height, architectural style, building function, number of lanes, and maximum road speed, thus enabling a more comprehensive perception of urban space and then forming a perception of the relationship between static physical space and dynamic social factors of the city. Second, on the basis of the geographic information system, using space syntax and regression analysis, we can establish the relationship model of different geographic information to study urban space more scientifically. Through the empirical study of the old urban area of Wuxi, we established a series of regression models between the integration of road network and building height, architectural style, building function, number of lanes, and maximum road speed, and we drew a series of visual graphics. According to the visualization and quantitative analysis results, we put forward a number of targeted strategies for the protection and reconstruction of the regional characteristics of the old urban area of Wuxi. This new analysis method of urban space is of great significance for the systematic cognition and analysis of urban areas, the study of urban problems, the exploration of urban characteristics, and the proposal of urban strategies. This method and the research conclusions can be extended to the analysis of other regions or cities.
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Figure 1. Conceptual framework of new urban space analysis method. Source: drawn by the author. 
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Figure 2. Distribution of ancient rivers in the old urban area of Wuxi. Source: Reprinted/adapted with permission from Ref. [Wuxi: A hundred-year review of a city of water in the south of the Yangtze River]. 2018, Wang, C. 
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Figure 3. The current and ancient conditions of the old urban area of Wuxi. Source: https://720yun.com/t/2a0jeOyvsy7?scene_id=17652944 (accessed on 30 April 2022); Reprinted/adapted with permission from Ref. [Wuxi County Annals]. 2008, Wuxi County Annals editorial board. 
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Figure 4. Global integration distribution of the old urban area of Wuxi. Source: drawn by the author. 
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Figure 5. Global integration and geographic information distribution of the old urban area of Wuxi. Source: drawn by the author. 
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Figure 6. Local integration distribution of the old urban area of Wuxi. Source: drawn by the author. 
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Figure 7. Synergy scatter chart of the old urban area of Wuxi. Source: drawn by the author. 
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Figure 8. Road network closeness and geographic information distribution of the old urban area of Wuxi. Source: drawn by the author. 
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Table 1. Correlation between global integration and geographic information.






Table 1. Correlation between global integration and geographic information.





	
Coefficients *

	
Model

	
Unstandardized

Coefficients

	
Standardized

Coefficients

	
t

	
Sig.

	
Collinearity

Statistics




	
B

	
Std. Error

	
Beta

	
Tolerance

	
VIF




	
1

	
(Constant)

	
2.349 × 10−15

	
0.01

	

	
0.00

	
1.00

	

	




	
Z-score (Integration)

	
0.16

	
0.01

	
0.16

	
15.81

	
0.00

	
1.00

	
1.00




	
2

	
(Constant)

	
−7.691 × 10−15

	
0.01

	

	
0.00

	
1.00

	

	




	
Z-score (Integration)

	
0.17

	
0.01

	
0.17

	
16.92

	
0.00

	
1.00

	
1.00




	
3

	
(Constant)

	
1.637 × 10−16

	
0.01

	

	
0.00

	
1.00

	

	




	
Z-score (Integration)

	
0.16

	
0.01

	
0.16

	
16.35

	
0.00

	
1.00

	
1.00




	
4

	
(Constant)

	
−2.024 × 10−15

	
0.03

	

	
0.00

	
1.00

	

	




	
Z-score (Integration)

	
0.37

	
0.03

	
0.37

	
12.29

	
0.00

	
1.00

	
1.00




	
5

	
(Constant)

	
−4.283 × 10−15

	
0.03

	

	
0.00

	
1.00

	

	




	
Z-score (Integration)

	
0.37

	
0.03

	
0.37

	
12.12

	
0.00

	
1.00

	
1.00








* Model 1. Dependent variable: Z-score of building height. Model 2. Dependent variable: Z-score of building style. Model 3. Dependent variable: Z-score of shopping service points of interest. Model 4. Dependent variable: Z-score of the number of lanes. Model 5. Dependent variable: Z-score of the maximum road speed.
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Table 2. Fitting degree of regression model between global integration and geographic information.
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Model Summary *

	
Model

	
R

	
R-Squared

	
Adjusted R-Squared

	
Std. Error of the Estimate




	
1

	
0.16

	
0.02

	
0.02

	
0.99




	
2

	
0.17

	
0.03

	
0.03

	
0.99




	
3

	
0.16

	
0.03

	
0.03

	
0.99




	
4

	
0.37

	
0.14

	
0.14

	
0.93




	
5

	
0.37

	
0.14

	
0.14

	
0.93








* Predictors: (Constant), Z-score (Integration). Model 1. Dependent variable: Z-score of building height. Model 2. Dependent variable: Z-score of building style. Model 3. Dependent variable: Z-score of shopping service points of interest. Model 4. Dependent variable: Z-score of the number of lanes. Model 5. Dependent variable: Z-score of the maximum road speed.
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Table 3. Correlation between number of lanes and global integration.
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Coefficients *

	
Model

	
Unstandardized Coefficients

	
Standardized

Coefficients

	
t

	
Sig.

	
Collinearity Statistics




	
B

	
Std. Error

	
Beta

	
Tolerance

	
VIF




	
1

	
(Constant)

	
5.446 × 10−15

	
0.03

	

	
0.00

	
1.00

	

	




	
Z-score (The number of lanes)

	
0.37

	
0.03

	
0.37

	
12.30

	
0.00

	
1.00

	
1.00








* Model 1. Dependent variable: Z-score of integration.
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Table 4. Fitting degree of regression model between the number of lanes and global integration.
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Model Summary *

	
Model

	
R

	
R-Squared

	
Adjusted R-Squared

	
Std. Error of the Estimate




	
1

	
0.37

	
0.14

	
0.14

	
0.93








* Predictors: (Constant), Z-score of the number of lanes. Dependent variable: Z-score of integration.
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