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Abstract 

Recently, there has been an increasing interest in looking at urban environment as a complex 

system. More and more researchers are paying attention to the study of the configuration of 

urban space as well as human social activities within it. It has been found that correlation 

exists between the morphological properties of urban street network and observed human 

social movement patterns. This correlation implies that the influence of urban configurations 

on human social movements is no longer only revealed from the sense of metric distance, but 

also revealed from topological and geometrical perspectives. Metric distances, topological 

relationships and angular changes between streets should be considered when applying space 

syntax analysis to an urban street network. This thesis is mainly focused on the comparison 

among metric, topological and angular analyses based on three kinds of urban street 

representation models: natural streets, axial lines and axial segments. Four study areas 

(London, Paris, Manhattan and San Francisco) were picked up for empirical study. In the 

study, space syntax measures were calculated for different combinations of analytical methods 

and street models. These theoretical space syntax accessibility measures (connectivity, 

integration and choice) were correlated to the corresponding practical human movement to 

evaluate the correlations. Then the correlation results were compared in terms of analytical 

methods and street representation models respectively. In the end, the comparison of results 

show that (1) natural-street based model is the optimal street model for carrying out space 

syntax analysis followed by axial lines and axial segments; (2) angular analysis and 

topological analysis are more advanced than metric analysis; and (3) connectivity, integration 

and local integration (two-step) are more suitable for predicting human movements in space 

syntax. Furthermore, it can be hypothesized that topological analysis method with 

natural-street based model is the best combination for the prediction of human movements in 

space syntax, for the integration of topological and geometrical thinking. 

 

Keywords: space syntax, natural street, axial line, axial segment, topological analysis, 

angular analysis, user check-in data 

 

 

 

 

 

 

 

 

 

 

 

 

 



II 
 

Table of content 

 

1. Introduction ............................................................................................................................................... 1 

1.1 Background ....................................................................................................................................... 1 

1.2 Aims of thesis .................................................................................................................................... 3 

1.3 Structure of the thesis ........................................................................................................................ 4 

2. Literature review ....................................................................................................................................... 5 

2.1 Space syntax ...................................................................................................................................... 5 

2.1.1 Representational models ......................................................................................................... 5 

2.1.2 Analysis methods .................................................................................................................... 7 

2.1.3 Accessibility measures ........................................................................................................... 7 

2.1.4 Central papers related with this thesis .................................................................................... 8 

2.2 Reviews on traffic data .................................................................................................................... 10 

2.3 Reviews on social media data ......................................................................................................... 11 

3. Methodology ............................................................................................................................................ 12 

3.1 Space syntax .................................................................................................................................... 12 

3.1.1 Urban space representation................................................................................................... 12 

3.1.2 Accessibility measures ......................................................................................................... 15 

3.1.3 Metric, topological and angular analysis .............................................................................. 17 

3.2 Geographic Information Systems .................................................................................................... 21 

3.2.1 Spatial analysis function in GIS ........................................................................................... 21 

3.2.2 Volunteered Geographical Information - OpenStreetMap .................................................... 22 

3.2.3 Social media data - location-based check-in data ................................................................. 22 

4. Empirical study ....................................................................................................................................... 24 

4.1 Data sources and processing ............................................................................................................ 24 

4.1.1 Street model preparations ..................................................................................................... 25 

4.1.2 Space syntax analysis ........................................................................................................... 26 

4.1.3 Check-in data processing ...................................................................................................... 28 

4.1.4 Correlation tests .................................................................................................................... 29 

4.2 Results of the correlation test .......................................................................................................... 30 

4.2.1 Results for global analysis .................................................................................................... 30 

4.2.2 Results for local analysis ...................................................................................................... 35 

4.3 Discussions of the results ................................................................................................................ 36 

4.3.1 Discussions on related papers ............................................................................................... 36 

4.3.2 Discussions on practical value of the study .......................................................................... 38 

5. Conclusions and future work ................................................................................................................. 39 

5.1 Conclusions ..................................................................................................................................... 39 

5.2 Future work ..................................................................................................................................... 40 

References .................................................................................................................................................... 41 

Appendix A: Tutorial for axial and segment analysis in Depthmap ....................................................... 45 

Appendix B: Data archiving ....................................................................................................................... 57 

 



III 
 

List of figures 

 

Figure 1.1 Structure of the thesis..................................................................................................................... 4 

Figure 2.1 An example of urban space and its axial map…………………………………………………….6 

Figure 2.2 Relational graph for papers, analysis methods and street models .................................................. 9 

Figure 2.3 116 gate locations within the Barnsbury area of North London .................................................. 10 

Figure 3.1 Three kinds of street models adopted by space syntax………………………………………….13 

Figure 3.2 Chopping axial line into axial segments for turn angle determination............................ ……….13 

Figure 3.3 Bad examples for using axial lines .............................................................................................. 14 

Figure 3.4 A small fiction street network as well as its connectivity graph .................................................. 15 

Figure 3.5 A simple network graph used for explaining segment analysis algorithm ................................... 18 

Figure 3.6 Shortest-path from segment 3 to segment 8 with least-length ..................................................... 18 

Figure 3.7 All the shortest-paths between each pair of segments from a metric view .................................. 19 

Figure 3.8 Shortest-path from segment 3 to segment 8 with fewest-turn ...................................................... 19 

Figure 3.9 All the shortest-paths between each pair of segments from a topological view ........................... 19 

Figure 3.10 Relationship between turn angle α and distance cost value ....................................................... 20 

Figure 3.11 Shortest-path from segment 3 to segment 8 with least-angle ..................................................... 20 

Figure 3.12 All the shortest-paths between each pair of segments from an angular view ............................. 20 

Figure 3.13 Example of check-in data ........................................................................................................... 23 

Figure 4.1 Flow chart for data processing…………………………………………………………………..24 

Figure 4.2 Four study areas with check-in point data ................................................................................... 25 

Figure 4.3 Global integration based on three kinds of street models for Paris .............................................. 27 

Figure 4.4 Global integration based on three kinds of analysis methods for Paris........................................ 27 

Figure 4.5 Human movement patterns generated by user check-in data ....................................................... 29 

Figure 4.6 Visualization of four measures based on natural streets for Paris ................................................ 31 

Figure 4.7 Visualization of integration of three methods and human movement for Paris ........................... 33 

Figure 4.8 Local areas picked out for local analysis ..................................................................................... 35 

 

 

 

 

 

 

 

 

 

file:///D:/recently/新建文件夹/Master%20thesis%20of%20XiaolinXia.docx%23_Toc368519083
file:///D:/recently/新建文件夹/Master%20thesis%20of%20XiaolinXia.docx%23_Toc368519090


IV 
 

List of tables 

 

Table 2.1 R
2
 for correlations between traffic flows and analysis results in Hillier and Iida’s research ........... 8 

Table 2.2 R
2
 for correlations between traffic flows and analysis results in Turner’s research ........................ 9 

Table 2.3 R
2
for correlations between traffic flows and analysis results in Jiang and Liu’s research .............. 9 

Table 4.1 Information of the OSM and check-in data for each area………………………………...………26 

Table 4.2 Possible combinations of tests……………………………………………………………………26 

Table 4.3 Predictability (R
2
) values of measures based on axial lines .......................................................... 30 

Table 4.4 Predictability (R
2
) values of measures based on natural streets .................................................... 31 

Table 4.5 Predictability (R
2
) values of measures based on axial segments ................................................. 311 

Table 4.6 Predictability (R
2
) values for three analysis methods based on segment units ............................ 322 

Table 4.7 Correlation between standard axial values and segment-summarized axial values ..................... 344 

Table 4.8 Predictability (R
2
) values for three analysis methods based on axial lines .................................. 344 

Table 4.9 Predictability (R
2
) values of measures based on three street models ........................................... 366 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



V 
 

Acknowledgements 

 

This thesis would not be accomplished successfully without the support and assistance from 

my supervisor, my friends and my family. I would like to express my most sincere 

thankfulness and appreciation to the following people. 

 

First and foremost I would like to give my heartfelt gratefulness to my supervisor, Prof. Bin 

Jiang of the Department of Geomatics at University of Gävle, who has provided me with good 

suggestions and ideas during the whole period of the thesis. The door of the office of 

Professor Jiang was always opened for my whenever I encountered difficulties in completing 

my thesis. When I got lost in the process, he always patiently guided me to the right direction 

and provided useful and inspiring suggestions and ideas for me. He generously gave me 

encouragements as well as strict requirements to inspire me to complete a satisfying thesis 

work. In a word, he is an enthusiastic teacher and responsible supervisor without whom I 

would not accomplish my thesis work with good quality. 

 

Secondly, I would like to express my gratitude to the experts and participants in the Mailing 

List of Space Syntax and Mailing List of Depthmap. They helped students and beginners like 

me by sharing their valuable and beneficial suggestions and solving all kinds of questions. At 

the meantime, they are always providing the latest information on space syntax as well as 

Depthmap software for all the participants in the mailing list. I especially appreciate Prof. 

Alan Penn and Antonio Millan for answering my question and offering me useful suggestions. 

 

Thirdly, I would like to give my appreciations to my friends and classmates who always 

helped me out without hesitates when I asked for help. I want to thank Junjun Yin, a Ph.D. 

student in Digital Media Centre in Dublin Institute of Technology, for helping me find 

reliable data source for user check-in data. I am grateful to my classmates and friends, 

Meichen Liu, a Geoinformatics master student in Aalto University, for providing me useful 

suggestions and technical support and Qingling Liu, a Geomatics master student in Högskolan 

i Gävle, for discussing with me to understand some theoretical concepts. I also need to thank 

Yufan Miao, a Geomatics master student in Högskolan i Gävle, for helping me overcome 

some technical difficulties. 

 

Last but not the least, I especially appreciate my parents who are always standing by me, 

encouraging me and supporting me with their love. When I feel depress and frustrated, they 

comfort me and always believe in me unconditionally. It was their endless love that motivated 

me to achieve the final thesis work.  

 

 



1 
 

1. Introduction 

Recently, there has been an increasing interest in looking at urban environment as a complex 

system. The complexity of urban environments basically involves two aspects. The first is 

concerned with the urban structures while the second is more about social activities of human 

beings within the urban environments, for instance, the pattern of pedestrian crowds and 

traffic flows. The two aspects dependoneachotherforexistence. The urban structures have a 

great impact on the human social activities while studies on human social activities can help 

to perfect the urban structures. Therefore, it is of vital importance to have a better 

understanding of urban environment in both two aspects. The introduction section includes 

some background information of urban space and space syntax, aims of the thesis as well as 

the structure of the whole thesis. 

1.1 Background 

Urban space is a concept which is familiar to everyone because it is closely bound up with 

people living. Do we completely understand the space we are living in? The answer to this 

question is absolutely no. Therefore, to study and understand the configuration of urban space 

has become the final purpose of all kinds of urban researches. In urban space, the urban street 

network is generally regarded as a complexity system and has gained more and more attention 

as the rise of space syntax. As a kind of small world and scale free network, it has the 

following properties: in terms of small world, most of the streets within a street network are 

not connected directly but can be reached from any other street through only few connections; 

in terms of scale free, there are far more short streets than long ones, which can be illustrated 

by the long-tail distribution (Jiang, 2009).  

 

Owing to its properties as a small world and scale free network, nowadays, more and more 

researchers are paying attention to the study of configuration of urban space as well as human 

movement within it from a topological view. Space syntax, as a language to describe the 

urban space configuration, provides a powerful tool for researchers to characterizing the 

functional patterns of urban space (Hiller and Hanson, 1984). 

 

In space syntax, it is universally recognized that human movements are related to the 

configuration of urban street network. The urban streets limit the extent of human movements 

and humans must move along the streets which form the complex configuration of urban 

street network. In Hiller and Iida’s paper (2005), it is mentioned that there were two basic 

kinds of nature human movements, which are to-movement and through-movement. Human 

movements are always related to the two basic issues – selection of a destination from an 

origin (where to go) and selection of paths that need to be passed through from the origin to 

destination (which way to go), that is to say the to-movement and through-movement.  

 

app:ds:depend
app:ds:depend
app:ds:each
app:ds:each
app:ds:for
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In terms of to-movement, from any origin, people have a variety of destinations. But for a 

long rang of time, the choice of destinations seem to show a pattern that have more close ones 

than distant ones, since people prefer to travel within short distance rather than long distance. 

In that paper, they termed this phenomenon as distance decay which may influence the choice 

of destination in a way that closer locations are more preferable as destinations than distant 

ones within a street network. Furthermore, it had been extended as a network effect - “more 

accessible locations will be theoretically more attractive as destination than less accessible 

ones simply as a result of their configuration position in the complex as a whole”. For 

through-movement, the effects of network are more obvious since the configuration of streets 

impacts a lot on how people choose their ways. Therefore, it has become a popular research 

issue to study the configuration of urban street network as well as its effects on human 

movements.  

 

In space syntax, the whole urban space is regarded as a composition of individual 

well-perceived small scale spaces which forms a space-space topology (Jiang, 2009). The 

term well-perceived means the space is small enough to be perceived from a single location. 

In this space-space topology, nodes represent individual well-perceived spaces while links 

represent interconnections between spaces. In axial map, a common map format applied in 

space syntax, each well-perceived space is represented by an axial line (which is the longest 

visibility line in a street) and intersecting axial lines form the so-called space-space topology. 

Through the calculation of accessibility measures for axial map, the hidden spatial structure 

can be uncovered, therefore human movement patterns can be predicted in some way.  

 

In the last dozen years, there has always been a controversial issue on space syntax for its 

function in human movement predictions. Many researchers doubt that whether it makes 

sense to use space syntax measures for human movement predictions. To find answers to this 

question, enormous empirical studies have been carried out. Some results pointed out that 

human movement in both pedestrian and vehicle terms can be predicted by local integration 

within two steps (Hillier et al., 1993; Penn et al., 1998). Besides space syntax, Jiang (2009) 

also tried to apply the weighted PageRank algorithm (Xing and Ghorbani, 2004) to rank 

individual space from a perspective in which urban space is regarded as a space-space 

topology, the same as in space syntax. The results showed that PageRank scores were also 

well correlated to human movement, even a little better than the use of local integration. All in 

all, according to the findings mentioned above, it makes sense to relate space syntax measures 

from topological analysis to human movement predictions. 

 

On the other hand, to relate urban spatial configuration analysis to human movement 

predictions, a new kind of analysis method from geometrical view – angular analysis has been 

proposed by Turner (2001). Different from the standard topological analysis, angular analysis 

considers the sum of angles in direction changes from starting street to ending street. Through 

a similar way of thinking, topological analysis also can be identified as the number of 

direction changes, namely, the number of turns. Therefore, the two analysis methods are 

termed as “least-angle” for angular analysis and “fewest-turn” for topological analysis (Hillier 

and Iida, 2005).  
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In this thesis, it was mainly focused on the comparison between topological analysis and 

angular segment analysis based on three different kinds of urban street representations, which 

are natural streets, axial lines as well as axial segments. In order to reflect the advantage of 

topological and angular analysis, a basic metric analysis which only concerns distance factor 

was also used for comparison. Natural streets refer to the streets which are naturally merged 

together with good continuity. Axial line, as mentioned above, is the longest visibility line in a 

street. Segments are formed by chopping original axial lines into parts at each junction. Each 

of the three street representations will be introduced specifically in methodology section.    

 

At the same time, social media data is becoming a new trend of public spatial data source in 

GIS. Thanks to some online social media, location-based information of users can be obtained 

directly and shared to public for free. The location-based information includes coordinates of 

the place where the users check-in on the social medium. These coordinates are provided by 

the Global Positioning System (GPS) and can be further imported into GIS software for all 

kinds of analysis and researches. As the prevalence of online social media, more and more 

people are volunteered to share their locations to the public when checking-in on these social 

media websites. Also thanks to the high-precision of GPS, this kind of data can be collected in 

great number and with high accuracy. As a result, it becomes a reliable, free-available, 

easily-accessible spatial data source. In this thesis, a popular kind of social media data - the 

user check-in data was used as a simulation of human social movements in the real world.  

1.2 Aims of thesis 

This thesis uses space syntax to examine the urban spatial configurations and how they affect 

human movements. The thesis focuses on two aspects – the representation models for urban 

street network and the analysis methods used in space syntax. The models include natural 

streets, axial lines and axial segments while the analysis methods refer to topological analysis 

and angular analysis and metric analysis. All these models and methods have drawn great 

attention from urban researchers during recent dozens of years (Hillier and Iida, 2005; Turner, 

2007; Jiang and Liu, 2009). Many space syntax studies of human movement have been 

carried out to compare different kinds of street models and analytical methods. As a result, the 

thesis is also a comparative study of space syntax methods and combinations of 

representational models and analytical methods. 

 

This thesis used four large cities. For each city, three kinds of representation models were 

used to derive accessibility measures including connectivity, global integration, local 

integration and choice Correlation tests were run between each measure and the human 

movement patterns. These tests were designed to determine (1) which kind of analysis method 

provides better correlation results with human movement patterns; (2) which street 

representation model provide the best human movement predictions. The final goal of the 

thesis is to provide an understanding of urban configurations and human movements. Through 

the empirical studies, this thesis tried to identify the optimal way to carry out space syntax 

analysis for street networks to provide a more accurate prediction for human movement in 

urban space. An accurate analysis result not only can help people to have a better 
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understanding of urban structure they live in but also can provide effective planning 

suggestions for urban planners to make reasonable construction decisions. As the population 

grows and land area decreases, it is of vital important to use the limited land resource 

rationally and sustainably. Therefore, an optimal urban structure can not only bring 

convenience to people in their daily life, but also make contributions to the urban sustainable 

development. With a better understanding of urban structure and human movement patterns, 

urban planners and researchers can perfect the existing city layout and develop more logical 

designs for constructing new cities. 

1.3 Structure of the thesis 

The structure of the thesis is shown in Figure 1.1. Section 2 reviews the literature on previous 

studies in the field, including space syntax studies, traffic data and social media data. The 

methodology section describes space syntax analysis useful concepts in GIS. Key models, 

measures and methods are introduced. The results of the analysis are presented in section 4. 

Finally, section 5 summarizes the findings and future work. 
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2. Literature review 

In this section, some reviews on earlier literatures and studies are given. It includes reviews 

on space syntax theory, traffic data used for empirical studies and social media data. The main 

content is focused on the space syntax theory and its application in urban studies. Three 

representation models for streets which are natural streets, axial lines and axial segments are 

mentioned briefly. Different ways of analysis and different accessibility measures adopted by 

previous researches are concluded. What is more, four important papers related with the thesis 

are mentioned and discussed particularly. 

2.1 Space syntax 

In recent decades，many researches and empirical studies on correlation between urban 

configuration and human movements using space syntax have been done in order to find out 

the best way to reflect human movement patterns based on an optimal urban representation. 

Space syntax is a language used for describing urban space. The fundamental idea in space 

syntax is to regard the urban space as a combination of large amounts of small unit spaces 

which can be well-perceived by human kinds. Through the analysis of topological relationship 

and accessibility of these unit spaces, the functional structure of the whole urban space and its 

influence on human activities can be studied. To sum up, in terms of representation model for 

streets, namely the representation for unit space, there are natural streets, named streets, axial 

lines and axial segments available for study; in terms of analysis point of view, namely how to 

consider the shortest path between unit spaces, there are methods from metric view, 

topological view and geometrical view. In this literature review section, some previous studies 

on using different methods or using different representation models are summarized. 

2.1.1 Representational models 

In space syntax, urban configuration is characterized by analyzing the space-space 

relationship among those small well-perceived spaces. The small spaces to an urban city are 

like the letters to an article in human language. In an article, the letters form into words; 

words form into sentences and paragraphs and further form the whole article. Similarly, small 

spaces can form into a street; a set of streets can form a block and a district and further form 

the whole city. Therefore, how to represent the small unit for an urban space in space syntax is 

an extremely important issue which has great influence on the final analyzed structure of 

urban space.   

 

In previous urban structure studies using space syntax, mainly four urban street models which 

were natural streets, named streets, axial lines and axial segments were used for representing 

urban space. The axial-line based representation of an urban space is the earliest approach of 

space syntax (Hillier and Hanson, 1984). Since its proposal, axial line has drawn a lot of 

attentions and attracted many urban researchers to test its applicability in urban studies. It has 
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been proven by enormous empirical studies (Hillier et al., 1993; Penn et al., 1998; Caria et al., 

2003; Jiang, 2009) that morphological properties for the axial-line based street model are 

significantly correlated to the human movements within urban space. Through axial line has 

been proven functional in urban morphological study, it still cannot be widely used for 

researches owing to the difficulty in its generation. 

 

Before the axial line can be automatically generated by computer, hand drawing was used 

following the rules: draw from the first longest visibility line and so forth until all the spaces 

are represented by axial lines. As a result, the hand-drawn axial maps were not unique and 

differed from people to people. The generation of axial lines had always been a controversial 

issue until Jiang and Liu (2010) developed a better applied algorithm for automatically axial 

map generation on computer. In Figure 2.1 is example showing an urban space and its 

corresponding axial map. 

            

Figure 2.1 An example of urban space and its axial map (source: Depthmap) 

 

Another kind of street representation model is based on axial segments which emerged as the 

proposal of angular analysis (Turner, 2001; Dalton, 2001). Axial segments are formed by 

chopping the original axial lines at each junction into smaller individual segments. As a result, 

the use of the axial segments increases the representation resolution of street network. As a 

new kind of axial-line based model with high resolution, axial-segment based model has 

gained more concerns recently. To testify whether it is a reasonable approach to apply axial 

segments for uncovering urban configuration, some studies on axial segments (Hillier and 

Iida, 2005; Turner, 2007) were carried out. It turned out that morphological properties based 

on axial segments also showed good correlation to the observed human movement patterns. 

 

Each point of view has supporters as well as opponents. While some researchers recognized 

the function of axial lines, others have expressed doubts (Jiang and Claramun, 2004; Ratti, 

2004). As a result, the ideas of “named streets” and “natural streets” emerged. Compared with 

the axial-line based model, they thought that these two kinds of street models were more 

“cognitively sound” and “computationally operable”. Empirical studies were also carried out 

to verify the function of named streets and natural streets (Jiang and Claramunt, 2004; Jiang et 

al., 2008; Jiang and Liu, 2009).These studies confirmed the superiority of named streets and 

natural streets in characterizing urban structure and predicting human movements. 
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2.1.2 Analysis methods 

The analysis method in this case refers to the way of considering the shortest path between the 

origins and destinations. Typically, when concerning the shortest path in urban space, distance 

has always been the measurement. However, considering how streets and streets are 

aggregated together, other kinds of views were also adopted in space syntax studies. In Hiller 

et al. (2010) paper, they claimed that “urban space is locally metric and global 

topo-geometric”. Locally metric is embodied in the daily life of human beings where they 

always refer short-distance trip, such as preferring the closest destination with the shortest 

distance when they go for shopping. Globally topo-geometric is embodied in the effects of 

configuration of urban street network which is formed by its geometric features and 

topological connectivity on the movement of human beings. They conjectured that there will 

be a threshold beyond which people tend to prefer to perceive the city from a geometric and 

topographic view and decide movement route rather than based on the perception of metric 

distance. However, the threshold value remains unknown. 

 

To sum up, three kinds of analysis methods which were topological, metric (distance) and 

angular (geometrical) were adopted in space syntax studies. In Hiller and Yang’s paper (2007), 

they considered both topological and metric radius type when calculating the embeddedness 

of urban area into its external structure. In Hiller and Iida’s empirical studies, all the metric, 

topological and geometric aspects were considered when calculating the integration measure 

and choice measure for street segments analysis. The integration and choice measures were 

calculated based on the shortest path with respect to least length (metric), fewest turns 

(topological) and least angle (geometric) respectively. After comparing the observed traffic 

movement flows with the numerical results of the analysis, the best correlation was found in 

“least angle” method and better correlation was found in “fewest turns” method. In Turner’s 

research (2007), he also studied the morphological properties for the urban space from both 

metric and angular views and concluded that angular method was better than metric one.   

2.1.3 Accessibility measures 

In order to capture the relationship between the urban configuration and its functional pattern 

(e.g. human movement), accessibility measures which can reflect the characteristics of urban 

structure are needed. Centrality measures (closeness and betweenness) are widely used in 

many urban structure-function related researches. Another widely used version of centrality 

measures applied in space syntax includes integration and choice, corresponding to closeness 

and betweenness respectively.  

 

Hiller and his partners (1987) first proposed the idea to represent the spatial structure using 

the integration measure. They found out that the correlation between integration and 

movement patterns were good enough to regard integration as a reference for predicting 

human movement patterns in reality. It has also been pointed out by some researches that 

human movement in both pedestrian and vehicle terms can be predicted by local integration 
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within two steps (Hillier et al., 1993; Penn et al., 1998). Peponis(1989) furthermore proposed 

that the choice measure played a better role in reflecting human movement patterns, using 

Greece towns as a case study. According to Turner (2007), he also proved that choice was a 

better measure for human movement prediction. Besides measures in space syntax, Jiang 

(2009) also tried to apply the weighted PageRank algorithm (Xing and Ghorbani, 2004) to 

rank individual space from a perspective in which urban space was regarded as a space-space 

topology, the same as in space syntax. The results showed that PageRank scores were also 

well-correlated to human movement, even a little better than use of local integration. 

2.1.4 Central papers related with this thesis 

In this section, three important papers (Figure 2.2) related to this thesis are summarized and 

discussed. The central papers are: one from Hillier and Iida (2005), a study on applying three 

kinds of analysis methods to an axial-segment based street model. They chose four areas in 

London where dense traffic flow data were collected at segment level for reference. In their 

experimental results (Table 2.1), angular and topological methods were proven to be more 

functional than the metric one. They explained that the advantages of angular and topological 

analysis were related to the way how human beings perceive the space. That is to say, humans 

were more influenced by the geometrical and topological properties of the urban space than 

metric ones when considering the shortest path issue.  

 

Table 2.1R
2
 for correlations between traffic flows and analysis results in Hillier and Iida’s 

research(Note: the table displays the average R
2
 values of four study areas including both vehicular (v) 

and pedestrian (p) flows) 

 

R
2
 Angular Topological Metric 

Closeness (v) 0.724 0.725 0.121 

Betweenness (v) 0.693 0.621 0.571 

Closeness (p) 0.626 0.601 0.110 

Betweenness (p) 0.555 0.490 0.444 

 

Another one is from Turner (2007), a study on axial lines and road-centre lines using both 

angular and metric analysis. His results (Table 2.2) suggested that road-centre line was a 

better choice for representing street than axial line in space syntax. For the analysis methods, 

it was found that patterns generated by angular analysis method showed better correlation to 

the observed traffic flow. In his findings, using road-centre lines with angular analysis was 

similar to the idea of natural streets which was formed by tracking the road-centre lines with 

the least turning angle (more information on natural streets will be found in Methodology 

section). 
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Table 2.2 R
2
 for correlations between traffic flows and analysis results in Turner’s research (Note: the 

analysis included angular (A) analysis and metric (M) analysis in terms of both axial lines and 

road-centre lines) 

 

R
2 

Axial line Road-centre line 

Closeness (A) 0.55 0.47 

Closeness (M) 0.09 0.09 

Betweenness (A) 0.69 0.76 

Betweenness (M) 0.59 0.64 

 

The third one is from Jiang and Liu (2009), a study on comparison among axial lines, named 

streets and natural streets. They applied the topological analysis method to the three kinds of 

street models and referred to the correlation coefficient R
2
 between local integration measure 

and traffic flow as reference for comparisons. They tested for ten sampled areas and also for 

another nine sampled areas with different morphologies (grid-like, deformed grid and 

irregular). The means of the two testing results (Table 2.3) consistently showed that natural 

streets and named streets were more appropriate than axial lines in characterizing urban 

functional structure. 

 

Table 2.3 R
2
for correlations between traffic flows and analysis results in Jiang and Liu’s research 

(Note: the table displays local integration values in terms of axial lines, named streets and natural 

streets. Values are the averages of two tests: one for ten sampled areas (T1) and one for nine sampled 

areas with different morphologies (T2)) 

 

R
2 

Axial lines Named streets Natural streets 

Local integration (T1) 0.09 0.33 0.38 

Local integration (T2) 0.25 0.49 0.53 

 

 

 

 

 

 

 

 

 

 

 

 

 

Natural streets   

Angular analysis  

Natural streets 

Axial lines 

Segments 

Topological 
Jiang & Liu 

(2009) 

Hillier & Iida 

(2005) 

 

(2009) 

Turner 

(2007) 
Angular 

Metric 

Figure 2.2 Relational graph for papers, analysis methods and street models 
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2.2 Reviews on traffic data 

To test correlation between space syntax measures and human movement patterns, different 

kinds of traffic data were adopted in different empirical studies. The traffic data includes both 

pedestrian and vehicle flows. The most popular data applied in many empirical studies were 

traffic data collected from observation gates or counting stations (Hillier and Iida, 2005; 

Turner, 2007; Jiang and Liu, 2009). For instance, traffic data of four areas of London 

(Barnsbury, Clerkenwell, South Kensington and Knightsbridge) were established by Penn and 

his partners (Penn and Dalton, 1994; Penn et al., 1998). The high-density data which includes 

both vehicle and pedestrian movement flows was obtained from a total of 356 observation 

gates set at each street segment during the working day. One of the gate location maps is 

displayed in Figure 2.3. 

 

 
Figure 2.3 116 gate locations within the Barnsbury area of North London (Source: Turner, 2007) 

 

Similarly, Jiang and Liu (2009) used data from Hong Kong Annual Traffic Census which was 

conducted by a total of 825 counting stations spread all over the Hong Kong territory. 

Different from the data in London, those counting stations were not based on streets. To 

assign the data to respective streets, the counting stations were pinpointed on the map and 

adjusted precisely to be located on right streets. 

 

Another possible kind of traffic data is simulated traffic data, such as agent-based simulation 

of human movement. In Jiang and Jia’s study (2011), besides the observed traffic data, they 

also used the simulated flows generated by random walkers on computer for comparison. The 

human movement patterns simulated by random walkers were proven to be quite similar to 

the observed human mobility and also well correlated to the space syntax analysis results 

(Jiang et al., 2009).  
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2.3 Reviews on social media data 

Nowadays, as the development of information technologies and widely use of high-tech 

digital products, a mass of location-based information has brought convenience to people in 

their daily life and work. An increasing number of mobile phones and personal digital 

assistants allow people to access the Internet wherever they are and whenever they want. 

Thanks to the advanced devices, people can locate themselves on digital maps, find the 

nearest places they are looking for, locate friends, navigation and so on. All these functions 

can be provided by the Location-based Service (LBS). LBS is defined as the “information 

services accessible with mobile devices through the mobile network and utilizing the ability 

to make use of the location of the mobile device” (Virrantaus, et al., 2001). 

 

Thanks to the LBS, people also can share their locations by checking in on an online service. 

This kind of user check-in data can be further regarded as a reliable and intensive data source 

for analyzing human social activities. Cho, et al. (2011) declared that reliable and large-scaled 

human movement data is hardly available. However, as the emergence of location-based 

online social network applications, users can share their locations by checking-in on the 

online service, such as Foursquare, Facebook, Gowalla, Brightkite and so on. User check-in 

data has provided a brand new perspective for better understanding human social activities. It 

has also been pointed out that user check-ins are accurate and usually sporadic and they can 

contribute to the researches on three aspects of human movements: where people move, how 

often people move and how social ties interact with their movements (Noulas et al, 2011, 

quoted in Cho et al, 2011).  

 

To sum up the whole literature review chapter, reviews on space syntax, traffic data and social 

media data are concluded. The emphasis of this chapter is mainly focused on space syntax 

which is the key point of the thesis. Related studies on the three important compositions - 

models, measures and methods in space syntax are discussed thoroughly. Based on the 

literature reviews, three kinds of street representation models and three kinds of analysis 

methods were picked out as the study objects in this thesis. With the purpose of finding out 

the most suitable combination of the model and method for space syntax analysis, a 

comparison study on a set of possible combinations of models and methods was carried out. 

In the next chapter – methodology chapter, all the street representation models and analysis 

methods as well as some useful accessibility measures are introduced specifically.  
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3. Methodology 

In the methodology section, it mainly explains the principle of space syntax theory and its 

integration with Geographic Information System (GIS). For space syntax, street 

representation models, accessibility measures and analysis methods are introduced in detail 

with graphic figures for better explanation. For GIS, it is introduced as a powerful support of 

tools and data for carrying out space syntax analysis. In GIS, large geographical databases and 

data processing tools are accessible for generating different street models for space syntax 

analysis. Therefore, an integration of space syntax and GIS provides more possibilities for 

urban studies. 

3.1 Space syntax 

Space syntax has been proposed as a computational language to describe spatial configuration 

of urban cities. In space syntax, it is believed that spatial pattern or configuration has great 

impact on human social activities. Through the analysis of urban configuration, urban 

planners can obtain a better understanding of the urban functional patterns for improving their 

planning and further create a more efficient and convenient urban environment for human 

beings living in it. At the meantime, the pattern of how people move around the city can be 

predicted through the analysis of how spaces are connected or integrated within an urban area. 

Generally speaking, space syntax is a useful tool which helps to study the relationship 

between urban configuration and human movement and further for more specific purpose. 

Some typical functions of space syntax applied for urban society include pedestrian modeling, 

criminal mapping and way-finding and so on (Peponis et al., 1990; Jiang, 1999, quoted in 

Jiang and Claramunt, 2002). In this section, basic principle of space syntax as well as some 

basic concepts will be introduced and illustrated in detail.  

3.1.1 Urban space representation 

Urban space refers to the space formed by the outline of buildings and within which people 

can move around randomly and freely. Based on the previous papers and studies, urban space 

is usually represented by three kinds of street models which are axial lines, axial segments 

and natural streets. In the Figure 3.1, it presents three simple examples for each street model. 

In the graphs, every individual street unit is represented by unique color for better 

distinguishing. For a) natural street model, it is obviously composed of a set of naturally 

completed streets. As for models in graph b) and c), the appearances of the graphs are the 

same. Axial lines are generated based on the a) natural streets by applying the longest 

visibility lines while axial segments are generated by chopping the axial lines into segments at 

each junction. In graph b) each individual axial line is represented by a unique color while in 

graph c) the corresponding line is split into segments represented by different colors. Detailed 

information on the three street models will be introduced in the following paragraphs. 
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Figure 3.1 Three kinds of street models adopted by space syntax (Note: (a) Natural streets, (b) Axial 

lines, (c) Axial segments) 

 

The axial-line based representation of an urban space is the earliest approach of space syntax 

(Hillier and Hanson, 1984; quoted in Jiang and Claramunt, 2002). Axial lines refer to the 

longest visibility lines for representing small scale urban spaces. According to Jiang and his 

partners (2000), axial line can be regarded as, from the view of how human perceive space, a 

unit space (“vista space” in the literature) that is small enough to be perceived from one single 

location. The idea of axial line is to represent the large urban space with infinite and least 

number of unit spaces. Through the analysis of how these small unit spaces are connected or 

integrated to each other, the spatial structure of the large urban space can be understood and 

human social activities among the space can be predicted in some way. 

 

Another kind of street representation model is based on axial segments which emerged as the 

proposal of angular analysis (Turner, 2001; Dalton, 2001). Segments are formed by chopping 

the original axial lines at each junction into smaller individual parts. It can be regarded as a 

way to increase the representation resolution of street network to apply the segment-based 

street model. Actually, angular analysis was original designed for analysis based on axial lines 

and records the sum of turn angles from origin line to destination line (detailed information of 

angular analysis will be explained in Section 3.1.3). Due to the fact that it is difficult to 

determine turn angle for two intersecting lines when intersecting in the middle part (Figure 

3.2), chopping axial lines into segments is a necessary step for angle determination. It is 

worthwhile to mention that chopping axial lines into segments does not change the original 

geometric relationship among axial lines since the angle change between two adjacent 

segments is zero. As a result, angular analysis turned into angular segment analysis and the 

analysis results are based on axial segments.  

 

 

 

  

 

 

 

 

α β 

A1 A2 

B 

α β 

A 

B 

(a)                       (b)                       (c) 

Figure 3.2 Chopping axial line into axial segments for turn angle determination (Note: the turn angle 

from A to B is confused in the left graph while after chopping into segments, it is clearly that turn 

angle from A1 to B is β and from A2 to B is α) 
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Though axial lines play an important role in space syntax, they also have some limitations. On 

one hand, the idea of axial lines is only an abstraction developed by researchers and these 

lines do not exist in the real world. Therefore, axial lines cannot be directly available as 

modeling unit for urban studies in GIS database (Jiang and Claramunt, 2002). In other words, 

the analysis results based on axial lines cannot be associated with the common street lines of 

an urban street network in GIS. On the other hand, the generation of axial lines has also been 

a complex process. Before the axial lines can be automatically generated by computer, hand 

drawing was used. Manual axial maps were not unique and differed from person to person. 

The generation of axial lines had always been a controversial issue until Jiang and Liu (2010) 

developed a better applied algorithm for axial map generation on computer. Thanks to their 

achievement, axial lines can be automatically generated by Axwoman extension in ArcMap. 

Even though, the process of generating axial lines is still intricate. What is more, some 

irregular roads, such as ring road (Figure 3.3), will become more complicated when 

represented by axial lines and may cause some difficulties. 

                    
 

Figure 3.3 Bad examples for using axial lines (Note: (a) ring road in OpenStreetMap, (b) ring road 

represented by axial lines) 

 

Owing to the limitations of axial lines, named streets and natural streets which are believed 

more applicable for urban structure study in GIS have been proposed (Jiang and Claramunt, 

2004; Jiang et al., 2008). In this case, the street means road-centre line, a linear graphic entity 

formed by the center line of each street regardless of the street width and it is the most easily 

available format for street feature. Named streets refer to the merged streets which have the 

same street names in GIS database. It is generated by merging all the street segments sharing 

the same name together and forming a new successive street feature. However, the existing 

urban street data is not integrated enough that not all the segments of the streets are provided 

with names. It may lead to some misconnections of the merged named streets owing to the 

missing of street names. As a result, before an integrated urban street dataset can be easily 

available, the named street model will not be widely used in urban researches. 

 

Another kind of street model – natural street model is more preferred instead. Natural streets 

refer to the streets which are naturally merged together with good continuity (Jiang and Liu, 

2009). It is formed by tracking the street segments with the smallest change of angle in 

directions until the angle exceeds the threshold. To be more specific, to determine which 

neighboring segment belongs to this natural street is to find the one with the smallest turning 

angle from the root segment and the natural street ends when its smallest turning angle 

exceeds the pre-defined limitation, usually 45 degree is used as default value. In GIS software, 

such as Axwoman (Jiang, 2012), natural streets can be automatically generated by tracking 

the street segments within a given value of angle change limitation with a click of a button. 

(a)                               (b)  
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3.1.2 Accessibility measures 

Another important concept in space syntax is the accessibility measure which is based on a 

topological view. A street model used to be cognized as a graph whose edges represent streets 

and vertices represent streets intersections. This kind of cognition was traditionally used for 

transportation modeling application in GIS which was a main function of street network 

analysis in the past. Nowadays, researchers begin to show interests in digging out other useful 

information concerning structural and functional properties from the urban street networks. 

The traditional way of thinking is not suitable for uncovering the hidden functional patterns of 

an urban street network. Instead, the configuration of an urban street network is perceived 

from another perspective which focuses on its topological structure - the street-street 

relationship, namely the main research object in space syntax. 

 

In a street-street relationship graph, also refers to a connectivity graph, individual street is 

perceived as node and connection between streets is represented as line linking the nodes. An 

example of a fiction street network and its connectivity graph is shown in Figure 3.4.The 

benefit of using connectivity graph is that the topological relationship of urban streets can be 

directly visualized. Based on the connectivity graph, the configuration of street network can 

be characterized by applying accessibility measures and ranking the measures of individual 

streets in computer software. Jiang and Claramunt (2004) pointed out that it was beneficial 

and inspiring to apply a connectivity graph to an urban street network from a topological 

perspective since it can contribute to uncovering hidden functional configurations of the street 

network.  

 

 

 

 

 

 

 

Figure 3.4 A small fiction street network as well as its connectivity graph (Source: Jiang and 

Claramunt, 2002) 

 

Based on the connectivity graph, space syntax analysis focuses on how street and street are 

connected together and calculates a series of accessibility measures for the graph. Since the 

accessibility measures were initially determined for axial lines, axial-line based graph will be 

used as instance for illustrating some useful measures in space syntax in the following 

paragraphs. The measures are connectivity, local and global integration as well as choice. 

Step 2  

(a) axial-line based street model            (b) corresponding connectivity 

graph  

Step 1  

 

Step 3  
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Connectivity and depth 

Connectivity is a simple and useful measure for axial map in space syntax. It refers to the 

number of the lines directly connected with the given line. In a general way, lines with high 

connectivity values are believed to be more popular than other lines and suppose to attract 

more traffic. Based on this thinking, human movement patterns can be predicted to a certain 

degree. Before explaining the algorithm for integration and choice measures, a useful concept 

– “depth” will be introduced first to help to understand the structure of the graph. The depth 

of an axial line is defined as the number of neighboring lines within a given number of steps. 

It includes local depth and global depth. Both connectivity and depth are defined from a 

topological point of view. According to the axial-line based graph in Figure 3.4, the 

corresponding connectivity and depth for line 1 can be calculated as follows: Connectivity= 4 

as it has four immediate neighbors lines 2, 3, 4 and 5 connecting with it; Global depth = 1×4 + 

2×5 + 3×3 = 23, as the sum of the product of step multiplying the number of lines for each 

step; Local depth (radius= 2) = 1×4 + 2×5 = 14,as the sum of the product of step (within 2 

steps) multiplying the number of lines for each step. 

 

Integration and choice 

Compared with connectivity, the algorithms of integration and choice are more complicated. 

They both apply the concept of shortest-path. Integration is a measure to reflect how far a 

given street to all other streets, namely to what extent the street is integrated with others. It 

concerns the shortest-path from one street to all others. The shorter the paths are, the higher 

the integration value of the street will be. In different studies, the definitions of integration are 

slightly different. Though the definitions are different, the final patterns visualized by the 

integration values are similar. In Hillier and Iida’s (2005), they use the definition of 

integration defined by Sabidussi (1966) in formula (1): 

 

Integration =
1

∑ dikk
 

 

Where dik refers to the shortest-path between line i and line k. 

 

Choice is a measure to evaluate to what extent a given street belongs to the shortest-path 

between any pairs of two streets. Among all the shortest paths in a street network, choice of a 

street refers to the number of shortest-paths which contain the given street over the number of 

all the shortest-paths. That is to say, choice concerns how many times we need to pass this 

street if we travel through all the shortest-paths from street to street. In Hillier and Iida’s 

(2005), they used the definition defined by Freeman (1977) in formula (2):  

 

Choice =  ∑ ∑
djk(i)

djkkj
 

 

Where djk refers to the shortest-path between line j and line k; djk(i) refers to the shortest-path 

containing line i between line j and line k. 
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To explain the two equations above, the concept of shortest-path should be introduced 

beforehand. The shortest-path concept is based on the assumption of the reachability of each 

pair of lines. Therefore, the measures are only applied to a connected graph, the street 

network in this case. The shortest-path, as the name implies, is the path with the shortest 

distance cost. The distance cost type may have different definitions which will be explained 

specifically in the next section. In this part, we only use the concept of shortest-path to help to 

explain the definitions of integration and choice. For integration, it is calculated by the inverse 

of the summing up all the shortest-paths from the given line to all other lines in the graph. For 

choice, it is the calculation of the percentage of those shortest-paths which contain the given 

line accounting for all the shortest-paths between pairs of lines in the network. 

 

It is worthwhile to mention that integration and choice also can be referred to as closeness and 

betweenness in centrality measures. Centrality is a fundamental concept in network analysis 

and it includes many kinds of graph measures. Among all kinds of measures developed by 

now, closeness centrality and betweenness centrality are two well-known and widely-used 

measures. The basic ideas and calculation algorithms of the two measures are both based on 

the geodesic distance, namely the shortest-path between two nodes. Closeness is defined by 

Sabidussi (1966) as the reciprocal of the sum of all the shortest-paths from the given node to 

all other nodes. Betweenness is defined by Freeman (1977) as the number of the 

shortest-paths containing the given node dividing the number of all the shortest-paths. In this 

thesis, the integration and choice measures can be regarded as the common measure of 

closeness and betweenness. 

 

3.1.3 Metric, topological and angular analysis 

However, researchers are not quite satisfied with the way of using the topological perspective 

only to analyze the configuration of urban street network. In order to make comparison and 

find out the optimal way for cognizing urban space, another two kinds of perspective which 

are based metric distance and geometrical shape have gained attentions in recent years. In this 

section, all the three kinds of methods for analyzing urban space are introduced respectively 

with a small fiction street network. In the following paragraphs, the three methods are referred 

to as metric analysis, topological analysis and angular (geometrical) analysis respectively. To 

make the illustration easy to be understood and simple for calculation, an axial-segment based 

model with grid background (see Figure 3.5) is applied.  

 

The basic difference among the three methods is the distance cost type when calculating the 

shortest-path between pairs of segments. Figure 3.5 shows a simple segment-based network 

with specific line length which is useful for explaining the three analysis methods specifically 

in the following paragraphs. In the graph, each number represents an axial segment whose 

length and angle between other segments can be easily calculated with the aid of background 

grid.  
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Figure 3.5 A simple network graph used for explaining segment analysis algorithm 

 

Metric analysis 

Metric analysis, as the name implies, concerns only the metric distance along the street 

segments. Therefore, it is also called the “least length” analysis (Hillier and Iida, 2005). The 

distance cost type for each segment is the length of the segment. The shortest-path between 

two segments is considered as the shortest length along the path between two mid-points of 

the segments. That is to say, for the starting segment and ending segment, only half of the 

segment length is used for calculation. For example in Figure 3.6, from the segment 3 to 

segment 8, the shortest-path is calculated using the equation: shortest-path = (length3 + 

length8)/2 + length2 + length6 = 3.8cm. All the shortest-paths between the possible pairs of 

segments from a metric view are available in the matrix in Figure 3.7. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.6 Shortest-path from segment 3 to segment 8 with least-length 
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[
 
 
 
 
 
 
 
 
 
 
𝐌 1 2 3 4 5 6 7 8 9 10
1 0 1 1.6 2.5 4 2 2 3.2 3.5 4.4
2 1 0 1.6 1.5 3 1 1 2.2 2.5 3.4
3 1.6 1.6 0 2.1 1.6 2.6 2.6 3.8 4.1 5
4 2.5 1.5 2.1 0 1.5 1.5 1.5 2.7 3 3.9
5 4 3 1.6 1.5 0 3 3 4.2 4.5 5.4
6 2 1 2.6 1.5 3 0 1 1.2 2.5 2.4
7 2 1 2.6 1.5 3 1 0 2.2 1.5 3
8 3.2 2.2 3.8 2.7 4.2 1.2 2.2 0 1.7 1.2
9 3.5 2.5 4.1 3 4.5 2.5 1.5 1.7 0 1.5
10 4.4 3.4 5 3.9 5.4 2.4 3 1.2 1.5 0 ]

 
 
 
 
 
 
 
 
 
 

 

Figure 3.7 All the shortest-paths between each pair of segments from a metric view 

Topological analysis 

Topological analysis for axial segments is similar to the standard topological analysis for 

axial lines. Based on the connectivity thinking in axial-line based graph, topological 

analysis for axial segments concerns the number of turns made from one segment to another. 

Therefore, it is also called the “fewest turns” analysis (Hillier and Iida, 2005). Within an 

axial-segment based street network, topological analysis only focuses on how many times 

you turn no matter how many angles you turn each time. All the turns are considered to be 

the same and assigned value of 1while no turn is assigned value of 0. For example in Figure 

3.8, from segment 3 to segment 8, two turns are made. Therefore the shortest-path is 

calculated as 2. All the shortest-paths between the possible pairs of segments from a 

topological view are available in the matrix in Figure 3.9. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.8 Shortest-path from segment 3 to segment 8 with fewest-turn 

 

[
 
 
 
 
 
 
 
 
 
 
𝐓 1 2 3 4 5 6 7 8 9 10
1 0 0 1 1 1 0 1 1 2 1
2 0 0 1 1 1 0 1 1 2 1
3 1 1 0 1 1 1 1 2 2 2
4 1 1 1 0 0 1 0 2 1 2
5 1 1 1 0 0 1 0 2 1 2
6 0 0 1 1 1 0 1 1 2 1
7 1 1 1 0 0 1 0 2 1 2
8 1 1 2 2 2 1 2 0 1 0
9 2 2 2 1 1 2 1 1 0 1
10 1 1 2 2 2 1 2 0 1 0 ]

 
 
 
 
 
 
 
 
 
 

 

Figure 3.9 All the shortest-paths between each pair of segments from a topological view 

10 

3 

7 
6 

2 

5 

1 

8 

9 

4 

Turn 2 

Turn 1 



20 
 

Angular analysis 

Angular analysis, from a geometric perspective, concerns the angle change from one 

segment to another. It is also called the “least angle change” analysis (Hillier and Iida, 

2005). The distance cost for each turn is proportional to the turn angle α following the 

relational graph in Figure 3.10. For the minimum turn angle of 0 degree, the distance cost 

value is 0; for the maximum turn angle of 180 degree, the distance cost value is 2. The 

distance cost values for the rest of turn angles (α) can be calculated using the formula: V(α) 

= α/180 × 2 (α is expressed in degree unit).For example in Figure 3.11, from segment 3 to 

segment 8, two angles (117and 45)are made and the corresponding cost values are 1.3 and 

0.5. Therefore the shortest-path is calculated as the equation of 1.3 + 0.5 = 1.8. All the 

shortest-paths between the possible pairs of segments from an angular view are available in 

the matrix in Figure 3.12. 

 

 

 

 

 

 

Figure 3.10 Relationship between turn angle α and distance cost value 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.11 Shortest-path from segment 3 to segment 8 with least-angle 

 

[
 
 
 
 
 
 
 
 
 
 
𝐀 1 2 3 4 5 6 7 8 9 10
1 0 0 0.7 1 1 0 1 0.5 2 0.5
2 0 0 1.3 1 1 0 1 0.5 2 0.5
3 0.7 1.3 0 1.7 0.3 1.3 1.7 1.8 2.7 1.8
4 1 1 1.7 0 0 1 0 1.5 1 1.5
5 1 1 0.3 0 0 1 0 1.5 1 1.5
6 0 0 1.3 1 1 0 1 0.5 2 0.5
7 1 1 1.7 0 0 1 0 1.5 1 1.5
8 0.5 0.5 1.8 1.5 1.5 0.5 1.5 0 1.5 0
9 2 2 2.7 1 1 2 1 1.5 0 0.5
10 0.5 0.5 1.8 1.5 1.5 0.5 1.5 0 0.5 0 ]

 
 
 
 
 
 
 
 
 
 

 

Figure 3.12 All the shortest-paths between each pair of segments from an angular view 
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3.2 Geographic Information Systems 

In this section, some useful tools and data in GIS which are important for the preparation and 

analysis of the urban system in this thesis are introduced. They are spatial analysis functions 

and tools, OpenStreetMap (OSM) and user check-in data. These tools and data provide more 

possibilities for urban morphological analysis with space syntax theory.OSM is a powerful 

data resource which can provide abundant street networks for places all over the world. User 

check-in data, as a new kind of public-generated social media data, it is reliable and intensive. 

Therefore, it can provide a brand new perspective for understanding human social activities. 

3.2.1 Spatial analysis function in GIS 

Geographic Information System (GIS) is a computer-based system that collecting 

geo-referenced spatial data, managing data to get organized overwhelming information and 

spatial analyzing data to get knowledge for decision making. What GIS interested is the 

geographic space which is complex enough and beyond human perception, e.g. campus, urban 

environment. Since the information of the geo-spatial data is massive and complicated, spatial 

analysis provides a way to translate the overwhelming information into useful knowledge 

which is valuable to us. Therefore, spatial analysis plays an important role for acquiring 

knowledge from geospatial information (Jiang, 2007). In fact, spatial analysis covers a wide 

range and is widely used in all kinds of applications in many fields. Since the thesis is focused 

on the study of street network, only some useful functions related to vector data processing 

for street network preparation and analysis in spatial analysis are mentioned in the following 

paragraph.   

 

For spatial analysis in ArcGIS, there are a series of geo-processing functions which are widely 

used for street data processing. Buffer analysis helps to create buffer polygons around streets 

or spots within a specified distance. With the help of buffer polygons, we can pick out specific 

streets or spots with specific requirements, e.g. streets which are close to supermarkets. Clip 

function allows users to extract the targeted part from a large network. Intersect function helps 

to pick out the streets which are overlapped with other features. Union and merge functions 

are useful when combining two parts of street networks together. Dissolve function is used to 

aggregate streets based on specified attributes, e.g. to aggregate all the streets with the same 

street name. After the data processing procedure, a satisfactory street model for further 

analysis (e.g. space syntax analysis) is available.   

 

Meanwhile, network analysis in GIS also can provide useful tools and functions for a variety 

of applications in urban society, for examples, facilities management, transportation 

engineering and business and service planning. Common network operations include 

computational processes to find the shortest, least-cost or most-efficient path, to analyze 

network connectivity and to assign portions of a network to a location based on some given 

criteria (Miller and Shaw, 2001).   
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3.2.2 Volunteered Geographical Information - OpenStreetMap 

OpenStreetMap (OSM) is a kind of open resource for street maps and it is freely available to 

the public. The collection and generation of OSM involve many participants. The information 

is collected on a central database contributed by contributed participants and available in 

different digital formats widely through the World Wide Web. This kind of information is 

termed as “Volunteered Geographical Information” (VGI) by Goodchild (2007). 

 

VGI is an important part in computational geography which is one of the basic elements in 

GIScience (Goodchild, 1992). Computational geography refers to the situation in which a 

large amount of geographic data can be computed and analyzed to uncover the underlying 

patterns behind the geographic phenomena. VGI, as one of the most important 

user-contributed data emerged as the development of Internet technologies, is serving as a 

new general kind of data source for data computation and analysis in GIScience. According to 

Goodchild, thanks to the intensive data provided by VGI, the emergency of VGI has opened 

up a new era for computational geography (Goodchild, 2007).  

 

OSM, as one of the most common examples of VGI, is a kind of wiki-like collaboration, 

providing an editable online map collected by GPS, aerial photography and other methods. As 

a fact that OSM is contributed by the unprofessional public, how good the quality of the data 

is becomes an issue about which researchers care a lot. With this doubt in mind, Haklay(2009) 

carried out a study on systematic analysis of quality of OSM. The analysis result showed that 

OSM information can be “fairly accurate”. Therefore, OSM is regarded as an important data 

source for urban morphology study. 

3.2.3 Social media data - location-based check-in data  

Nowadays, as the development of information technologies and widely use of high-tech 

digital products, a mass of location-based information has brought convenience to people in 

their daily life and work. An increasing number of mobile phones and personal digital 

assistants allow people to access the Internet wherever they are and whenever they want. 

Thanks to the advanced devices, people can locate themselves on digital maps for finding the 

nearest places they required, locating friends, navigation and so on. All these functions can be 

provided by the Location-based Service (LBS). LBS is defined as the “information services 

accessible with mobile devices through the mobile network and utilizing the ability to make 

use of the location of the mobile device” (Virrantaus, et al., 2001). 

 

One of the most widely used functions of LBS is the check-in online service. Thanks to the 

LBS, people also can share their locations by checking-in on an online service. This kind of 

user check-in data can be further regarded as a reliable and intensive data source for analyzing 

human social activities. Cho, et al. (2011) declared that reliable and large-scaled human 

movement data is not easily available to the public. However, as the emergence of location 

based online social network applications, users can share their locations by checking-in on the 
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online service, such as Foursquare, Facebook, Gowalla, Brightkite and so on. This kind of 

user check-in data has provided a brand new perspective for better understanding human 

social activities. It is also pointed out that user check-ins are accurate and usually sporadic 

(Noulas et al, 2011, quoted in Cho et al, 2011). Cho and his partners stated that check-in data 

can contribute to the researches on human movements, such as where people move, how often 

people move (Cho et al, 2011). These two datasets are contributed by the Stanford University. 

They were collected over a period of time based on two online services Gowalla and 

Brightkite. The dataset from Gowalla contains 6,442,890 check-ins of user over the period of 

Feb. 2009 to Oct. 2010. The one from Brightkite contains 4,491,143 check-ins of user over 

the period of Apr. 2008 to Oct. 2010. Figure 3.13 shows the example of check-in data.  

 

For each check-in data, it contains user id, check-in time, coordinates of check-in location, 

location id. The coordinate information provides location information for researchers to 

understand human movement from a new perspective. The check-in data contains the 

information of the location of humans in the real world, but this kind of data can not reflect 

the real traffic flow information. It only can provide a distribution of locations where people 

have been. Within a long range of time, this kind of distribution may reflect the pattern of 

how people move within a specific extent of space because this distribution pattern is also 

formed by the influence of the urban configuration. We termed this distribution as street 

popularity which can be considered as a substitute of human movement in this thesis. The 

pattern generated by check-in data is a new kind of traffic data and it can be reliable if the 

check-in points are intensive and cover a long range of time.     

 

In this thesis, the points of check-in locations were geo-referenced to the nearest street units, 

generating an attribute of popularity by humans for each street. In the next empirical study 

section, the values of popularity by humans for each street were used as a substitution of 

practical human movement for analysis.  

 

 

Figure 3.13 example of check-in data 

 

To sum up, space syntax provides a set of theories and tools used for spatial morphological 

analysis in urban system. GIS provides a set of databases and tools for urban street network 

analysis in urban studies. A combination of space syntax and GIS provides advantages for the 

development of urban configuration studies. In this way, large geographical databases and the 
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modeling capabilities of GIS are combined with the potential of morphological analysis 

(Moudon, 1997). In the next chapter, an empirical study carried with the help of integration of 

space syntax and GIS is described. In that study, data and data processing tools were provided 

by GIS while the principles of morphological analysis were supported by space syntax.  

4. Empirical study 

In this chapter, four famous cities were chosen as study areas to perform a comparison study 

on a set of space syntax based methods. The study aimed to find out the most suitable 

combination of street representation model and analytical method in space syntax. Correlation 

tests were carried out between the theoretical values and practical values for comparison. The 

theoretical values refer to the accessibility measures calculated by space syntax theory while 

the practical values refer to the values of popularity by humans for each street generated by 

check-in data. The correlation coefficient r between the two kinds of values was used as a 

reference for comparison in terms of analytical methods and street representation models. The 

study was designed to find out which kind of analytical method and which kind of street 

representation model might obtain better theoretical result that is well correlated to the street 

popularity pattern generated by check-in data.  

4.1 Data sources and processing 

In general, this thesis aimed to analyze the urban spatial configuration by applying space 

syntax theory and test a set of space syntax based methods in human movement predictions. 

This thesis involved three representation models – axial lines, axial segments and natural 

streets and three analysis methods - metric, topological and angular analysis. Corresponding 

data and data processing procedures are introduced below.  

 

The data used for the empirical study came from two kinds of data sources which were OSM 

and user check-in data. The OSM was used for generating different kinds of street 

representation models while the check-in data was processed into simulated human movement 

patterns. Afterwards, the accessibility measures based on different street models or different 

analysis methods were correlated with the simulated human movements. According to the 

correlation coefficient R
2 

of each correlation test, comparisons can be made to conclude which 

kind of method and model are optimal for predicting human social activities in space syntax. 

The flow diagram of the whole procedure is shown in Figure 4.1. 

 

 

 

 

 

 

Figure 4.1 Flow chart for data processing 

OSM 

 

Space syntax measures 

Human movement 

Correlation test 

Street model  

Check-in  

data 
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4.1.1 Street model preparations 

Four cities – London, Paris, Manhattan and San Francisco were chosen for the study. Since 

the accessibility measures of space syntax analysis were supposed to be correlated to the 

practical street attribute generated by check-in data, cities used for study must have intensive 

check-in data. As a result, four study areas where user check-in data were relatively 

aggregated (Figure 4.2) were chosen as study areas. The determination of the extents for the 

four study areas were referred to the extents used in the paper of Liu and Jiang (2011), except 

for London where a smaller extent was used. Basically, the extents of study areas are defined 

along the highways surrounding the specific areas. Some detailed information of the study 

areas are listed in Table 4.1. 

      

             

   

Figure 4.2 Four study areas with check-in point data (Note: (a) Paris, (b) London, (c) Manhattan, (d) 

San Francisco) 

 

The OpenStreetMap data which contains the four cities were downloaded from the 

CloudMade website as shapefile format respectively. According to the extents adopted in 

previous researches，four study areas were clipped out in ArcMap. Then the four clipped street 

networks were processed for later generation of natural streets, axial lines. Both natural streets 

and axial lines were generated by Axwoman. Axwoman 6.0 (Jiang, 2012) is an extension for 

ArcMap 10 and used for automatically generating natural streets and axial lines based on 

     (a)                                   (b)            

(c)                                      (d) 



26 
 

OSM shapefile. After the axial lines were generated by Axwoman in ArcMap, they were 

imported to Depthmap for generating axial segments. The detailed processes of the generation 

of three kinds of street models can be found in the tutorial attached in Appendix A.  

 

Table 4.1 Information of the OSM and check-in data for each area. 

 

Count Check-in points Natural streets Axial lines Axial segments 

London 60,294 4,280 4,946 26,114 

Paris 23,846 5,701 7,779 48,202 

Manhattan 158,408 1,659 2,109 17,520 

San Francisco 207,161 3,804 4,866 33,679 

 

4.1.2 Space syntax analysis 

Once the street representation models were prepared, the space syntax analysis was carried 

out in two ways. One was focused on the comparison of street representation models and the 

other was focused on comparison of analytical methods. Owing to the limited functions of the 

software, not all the possible combinations of representation models and analysis methods 

were tested. For studying the representation models, only topological analysis was adopted 

while for studying the analysis methods, only axial-segment based model was used (Table 

4.2). 

 

Table 4.2 Possible combinations of tests ( means carried out and  means not carried out) 

 

 Axial lines Axial segments Natural roads 

Topological    

Metric    

Angular    

 

Using three street models with topological analysis 

 

A series of accessibility measures were calculated automatically in Axwoman for all the three 

kinds of street models. Three useful ones which were connectivity, local integration and 

global integration were picked out for further correlation with the human movement patterns. 

However, choice measure is also an important reference proven to be highly correlated to 

human movements by previous studies which is not available in Axwoman. As a result, the 

street models need to be converted to .net files and imported into Pajek software where can 

obtain betweenness centrality for the graph(more information can be found in Miao, 2012).In 

this study, betweenness obtained from Pajek was regarded as the choice measure for the street 

model. To sum up, connectivity, local integration, global integration from Axwoman and 

choice from Pajek were adopted as reference for comparing the ability of predicting human 

movements of the three kinds of street representation models. As examples, integration 

measures based on three kinds of street models for Pairs are visualized using head/tail breaks 
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classification (Jiang, 2013) in Figure 4.3.All the following visualizations of measures are all 

based on this kind of classification.  

 

 

 

Figure 4.3 Global integration based on three kinds of street models for Paris (Note: (a)Natural streets, 

(b)Axial lines, (c)Axial segments, a spectral color from blue to red is used for visualization with 

red lines represent the highest value and blue lines represent the lowest value) 

 

Using three analysis methods for axial-segment based model 

 

So far, all the three kinds of analysis methods – topological, angular and metric are only 

available for axial-segment based model in Depthmap. Depthmap (Turner, 2011) is a program 

used to perform a set of spatial network analysis for understanding social activities within the 

spatial environment. It allows user to create and import drawing of spatial features at a variety 

of scales (i.e. buildings or whole city street networks) in drawing exchange format (DXF), 

and then create corresponding maps (e.g. axial map) for analysis. Based on the axial map, a 

segment map can be generated through dividing an original axial line at each junction into 

several segments in Depthmap. For a segment map, three kinds of analysis methods which are 

metric analysis, topological analysis and angular analysis can be performed to calculate the 

integration and choice measures for a given urban street network. Figure 4.4 shows an 

example for visualizing the global integration measure from three kinds of analysis methods for 

Paris. 

 

 

 

Figure 4.4 Global integration based on three kinds of analysis methods for Paris (Note: (a) Metric, (b) 

Topological, (c) Angular, a spectral color from blue to red is used for visualization with red lines 

represent the highest value and blue lines represent the lowest value) 

 

(a)                         (b)                          (c) 

(a)                          (b)                          (c) 
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4.1.3 Check-in data processing  

Large scale of traffic and pedestrian flow data are not widely available to public. Therefore, 

check-in data from location-based online services was used to generate a substitute of 

practical human movement in this study. The pattern generated by check-in data was termed 

as street popularity since it was based on the number of check-in points on each street unit. 

The original check-in data was from two popular location-based online services- Gowalla and 

Brightkite (Cho et al., 2011). Then the check-in data within the four study areas was picked 

out by clipping for further processing in ArcMap. 

 

In this thesis, points of check-in locations were geo-referenced to the nearest street units, 

generating an attribute of street popularity by humans for each street. There were three kinds 

of street representation models for analysis, which were natural streets, axial lines and axial 

segments. The geo-reference process should be performed for all the three kinds of models.  

 

To perform the geo-referencing, the Near function in ArcMap was applied. The Near function 

is designed to find the nearest features in terms of distance from the target layer by adding 

two new columns containing the “nearest feature ID” and “nearest distance” to its attribute 

table. In this case, Near function was used to find the nearest streets from the check-in points 

in ArcMap. Then use the nearest streets ID and point ID to statistic the number of points 

geo-referenced to each street with the help of PivotTable in Excel. Then we have two new 

columns, one of which contains the street ID and another one contains the number of points. 

Finally, join the two new columns back to the attribute table for the street model in ArcMap. 

The street popularity pattern will be visualized by displaying the street feature basing on the 

field of number of check-in points. The final four street popularity patterns generated by 

check-in data for four study areas are visualized using the head/tail breaks classification in 

Figure 4.5. In the next section, the values of street popularity for each street were used as a 

substitution of practical human movement for further analysis. 

 

 Paris                     London              
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Figure 4.5 Human movement patterns generated by user check-in data (Note: a spectral color from 

blue to red is used for visualization with red lines represent the highest value and blue lines 

represent the lowest value) 

4.1.4 Correlation tests 

Correlation test aims to find out the dependence between two variables by referring to the 

value of correlation coefficient r. This value represents the ratio of the variation in one 

variable y that may be explained by the other variable x and using the following formula 

(Gravetter and Wallnau, 2007): 

r =  
∑(xi − x)(yi − y)

√∑(xi − x)
2
∑(yi − y)

2
 

 

In this empirical study, r was calculated to verify the correlation between the space syntax 

accessibility measures and street popularity values generated by check-in data. Once we get 

the correlation coefficient r, we need to find a critical value which may determine the 

correlation is significant or not. To find out the threshold, namely the critical value c for the 

correlation coefficient r, we need to determine the significant level and degree of freedom 

(N-2 where N is the number of sample) for the test. With the significant level and degree of 

freedom known, we can determine the critical value c referring to the specific table of critical 

values. Once the value of c is determined, if r  c, we can say that the two sets of data are 

significantly correlated.  

 

Generally, the common significant level at α = 0.05 is used. It means that in the correlation 

test, the probability that the correlation is a chance occurrence is no more than 5 out of 100. 

For the degree of freedom, all the samples are largely over 1000. Therefore, referring to the 

table, the critical value for the correlation test in this thesis is c = 0.089. That is to say, if r  

0.089, we consider the correlation significant for the two data sets in this thesis.  

 

Manhattan                       San Francisco 
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4.2 Results of the correlation test 

In the data processing section, four study cities (London, Manhattan, Paris and San Francisco) 

which owned intensive user check-in data were analyzed using Depthmap, Axwoman and 

Pajek. Measures of connectivity, choice, global integration and local integration (2-step) were 

obtained for each city based on natural streets, axial lines and axial segments respectively. In 

this section, comparisons among the correlation results are made and discussed in different 

views. The correlation coefficient r between space syntax measures and street popularity 

generated by check-in data is referred to as predictability in comparison. 

4.2.1 Results for global analysis 

In this part, we focused on results of the space syntax analysis all over the whole study areas, 

namely the global analysis. The comparisons are divided into two aspects which are in terms 

of analysis representations and analysis methods respectively. For both aspects, four kinds of 

accessibility measures which include connectivity, choice, global integration and local 

integration are adopted for comparison. 

Comparison in terms of representation model 

Firstly, we compare the predictability (r) of each measures based on the three different 

representations which are natural streets, axial lines and axial segments. To guarantee the 

comparability of measures among the three representations, all the corresponding measures 

were obtained through the same calculation methods in either Axwoman or Pajek. To be more 

specific, connectivity, global and local integration were obtained from Axwoman while choice 

was assigned by the value of betweenness obtained from Pajek. The predictability (r) values 

of measures based on different representations were displayed in Table 4.3 to 4.5. An example 

visualizing the four measures for Paris based on natural streets is shown in Figure 4.6. 

 

Table 4.3 Predictability (r) values of measures based on axial lines 

 

r  Connectivity Choice Integration(G) Integration(L) 

London 0.285 0.251 0.184 0.274 

Paris 0.263 0.179 0.200 0.212 

Manhattan 0.486 0.237 0.395 0.407 

San Francisco 0.508 0.295 0.300 0.335 
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Table 4.4 Predictability (r) values of measures based on natural streets 

 

r  Connectivity Choice Integration(G) Integration(L) 

London 0.628 0.571 0.263 0.305 

Paris 0.411 0.195 0.226 0.288 

Manhattan 0.612 0.257 0.365 0.367 

San Francisco 0.642 0.481 0.338 0.321 

 

Table 4.5 Predictability (r) values of measures based on axial segments 

 

r  Connectivity Choice Integration(G) Integration(L) 

London 0.017 0.045 0.055 0.020 

Paris 0.022 0.017 0.063 0.020 

Manhattan 0.032 0.004 0.122 0.045 

San Francisco 0.045 0.055 0.158 0.055 

 

 

(a) 

 

(b) 

 

(c) 

 

(d) 

Figure 4.6 Visualization of four measures based on natural streets for Paris (Note: (a) Connectivity, (b) 

Local integration, (c) Global integration and (d) Choice, a spectral color from blue to red is used 

for visualization with red lines represent the highest value and blue lines represent the lowest 

value) 
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Looking at the r values in Table 4.3 to Table 4.5, all the r values for tests on axial lines and 

natural roads are larger than the critical value (c = 0.089) while r values for the tests on axial 

segments are mostly smaller than the critical value. As a result, we can say that the theoretical 

accessibility measures based on axial lines and natural roads are significantly correlated to the 

practical street popularity patterns generated by check-in data. The theoretical accessibility 

measures based on axial segments are not significantly correlated to the practical street 

popularity patterns. Furthermore, the significant correlation to practical street popularity 

pattern implies that it can provide prediction on human movement in the real world to a 

certain degree. 

 

Comparing the r values between Table 4.3 and Table 4.4, values for natural roads are 

relatively higher than those for axial lines. Therefore, the first conclusion is that natural streets 

should be the best representation for carrying out space syntax analysis followed by axial 

lines while segments are the worst. Secondly, through comparing different accessibility 

measures within the same table, it can be seen that connectivity seems to have the highest 

values for correlation to practical street popularity, followed by the local integration, global 

integration and choice under most circumstances. As a result, another conclusion can be 

reached that connectivity and local integration (two-step) are more suitable for predicting 

human movements in space syntax. 

Comparison in terms of analysis method 

Secondly, concerning the analysis methods, three different kinds of analysis methods 

introduced above which are angular analysis (A), topological analysis (T) and metric analysis 

(M) are compared in this part. In this case, Depthmap only provide two accessibility measures 

for comparison, which are choice and integration. At first, the comparison is made by 

referring to the correlation coefficient r between three analysis results and practical street 

popularity pattern based on axial segments (see Table 4.6). Maps visualizing the integration 

patterns from the three methods as well as the street popularity pattern for Paris are shown in 

Figure 4.7.  

 

Table 4.6 Predictability (r) values for three analysis methods based on segment units (Note: angular 

(A), topological (T) and metric (M)) 

 

 

r  

Choice Integration 

A T M A T M 

London 0.045 0.045 0.054 0.063 0.054 0.045 

Paris 0.014 0.017
 

0.010
 

0.045 0.063 0.063 

Manhattan 0.007 0.004 0 0.114 0.122 0.071 

San Francisco 0.045 0.054 0.032 0.134 0.158 0.071 
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(a) 

 

b) 

 

(c) 

 

(d) 

Figure 4.7 Visualization of integration of three methods and human movement for Paris (Note: (a) 

Metric integration, (b) topological integration, (c) Angular integration and (d) human movement, a 

spectral color from blue to red is used for visualization with red lines represent the highest 

value and blue lines represent the lowest value) 

 

However, the r values are smaller than the critical value (c = 0.089) under most circumstances 

and show no obvious regular patterns. To investigate the causes of the poor results, we may 

attribute to the property of check-in data. The check-in locations were collected over a large 

scale with low density. As a result, it may lead to inaccurate pattern when geo-reference them 

to the high-resolution segment units. Owing to this situation, the measures for segments were 

summarized (calculate the sum or average values) and assigned to their corresponding axial 

lines in order to try to obtain better correlation results. Therefore, another comparison is made 

by referring to the correlation coefficient r between the segment-summarized analysis results 

and street popularity patterns based on axial lines. 

 

For the purpose of finding out which summarizing method can obtain the most accurate 

values in accordance with the values based on axial lines, a test was done in advance. The test 

was to study the correlation between the axial-line based analysis result and axial-segment 

based analysis result in the form of axial lines. To be more specific, topological analysis for 

both axial lines and axial segments were carried out at first. Then to obtain the axial-segment 

based analysis result in the form of axial lines, the sum or average value of the segments 

derived from one axial line was calculated and assigned to that axial line. As a result, a new 
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axial-segment based analysis result expressed in axial lines was generated. The values 

generated in this way were termed as segment-summarized axial values while the values from 

the standard axial-line based analysis were termed as standard axial values. The correlation 

test was done between the standard axial values and the segment-summarized axial values. 

The correlation result is based on the coefficient of determination R
2
 which is shown in Table 

4.7. 

 

Table 4.7 Correlation between standard axial values and segment-summarized axial values (Note: 

segment-summarized refers to the calculation of the sum or average value of the segments derived 

from one axial line) 

 

 

R
2 

Choice Integration 

 Sum Average  Sum  Average 

London 0.808 0.931 0.247 0.997 

Paris 0.804 0.925 0.233 0.999 

Manhattan 0.750 0.918 0.216 0.996 

San Francisco 0.765 0.884 0.260 0.978 

 

From the results in Table 4.7, it can be seen obviously that the average statistical approach 

generates more accurate segment-summarized axial values in accordance with the standard 

axial values, especially for integration measure. Therefore, average statistical approach was 

adopted for the following comparison. The comparison is made by referring to the correlation 

coefficient r between the segment-summarized axial values and street popularity pattern based 

on axial lines. In this case, the segment-summarized axial values were obtained by the 

average statistical approach. A new set of predictability (r) values of measures obtained by 

different analysis methods is displayed in Table 4.8.  

 

Table 4.8 Predictability (r) values for three analysis methods based on axial lines (Note: angular (A), 

topological (T) and metric (M) with segment-summarized average values) 

 

 

r  

Choice Integration 

A T M A T M 

London 0.176 0.195 0.212 0.200 0.173 0.045 

Paris 0.045 0.054 0.088 0.071 0.077 0.054 

Manhattan 0.141 0.141 0.077 0.300 0.283 0.063 

San Francisco 0.200 0.259 0.134 0.277 0.293 0.032 

 

From the new correlation result,we can see that values of r based on segment-summarized 

axial values are much better than before. On one hand, generally speaking, the values of r for 

angular analysis and topological analysis are all larger than the critical value (c= 0.089) 

except Paris. The values of r for metric analysis are smaller than the critical value in most 

cases. We can say that theoretical analysis results from angular and topological methods are 

significantly correlated to practical street popularity patterns while results from metric 

methods are not. On the other hand, in terms of choice measure, the values of London and 
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Paris show no apparent patterns while the values of Manhattan and San Francisco show 

evidently that angular and topological method are superior to metric method. In terms of 

integration method, values of all the four cities show consistently that angular and topological 

methods are more advanced than metric method. In all situations, topological analysis and 

angular analysis show similar results. It can also be noticed that integration measure is more 

related to practical street popularity pattern than choice measure. That is to say, integration 

measure shows more correlated pattern to practical street popularity pattern generated by 

check-in data than choice measure. 

 

To sum up, three findings have been drawn based on the global analysis. Firstly, in terms of 

street representation model, natural streets should be a better representation model for 

carrying out space syntax analysis than axial lines and axial segments. Secondly, in terms of 

accessibility measure, connectivity and integration and local integration (two-step) are more 

suitable for predicting human movement in space syntax. Thirdly, in terms of analysis method, 

angular analysis and topological analysis are more advanced than metric analysis in space 

syntax study. 

4.2.2 Results for local analysis 

Instead of using the whole city as analysis object, two local areas (see Figure 4.8) with 

intensive user check-in data in London and Paris were picked out for local analysis. Similar to 

the global analysis, local analysis also included two aspects - street representation models and 

accessibility measures. Four accessibility measures including connectivity, choice, global 

integration and local integration were calculated based on three kinds of street models for 

comparison.  

      

 

Figure 4.8 Local areas picked out for local analysis (Note: (a) London, (b) Paris) 

 

The same to the global analysis, all the corresponding measures were obtained through the 

same calculations in either Axwoman or Pajek. To be more specific, connectivity, global and 

local integration were obtained from Axwoman while choice was assigned by the value of 

betweenness obtained from Pajek. The predictability (r) values of measures based on different 

street models were displayed in Table 4.9. Compared with the global ones, the r
 
values in local 

analysis results are almost the same with those in global analysis.  

(a)                                     (b) 
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Table 4.9 Predictability (r) values of measures based on three street models 

 

City Units Connectivity Choice Integration (G) Integration (L) 

London Axial 0.338 0.270 0.293 0.346 

Natural 0.554 0.265 0.349 0.397 

Segment 0 0.063 0.032 0.032 

Paris Axial 0.326 0.182 0.247 0.333 

Natural 0.434 0.200 0.239 0.342 

Segment 0 0.008 0.032 0.032 

 

For the results of local analysis, we compare the predictability (r) of measures based on the 

three street models first. There is no doubt that natural-street based model is the best selection 

for analysis in space syntax, followed by the axial lines and axial segments. This finding is 

consistent with the one in global analysis. Secondly, we compare the predictability (r) in terms 

of different accessibility measures. For axial lines and natural streets, connectivity and local 

integration show better correlation to practical street popularity patterns. The measures for 

axial segments are too poor to draw conclusions. All in all, the results in global and local 

analysis all reach to the same findings which are made more convincing and reasonable. 

4.3 Discussions of the results  

Based on the findings from both global and local analysis, some discussions are made with 

related studies in this section. To sum up the study in this thesis, there are three findings from 

the views of street models, analysis methods and accessibility measures respectively. They are: 

(1) natural-street based model is a better representation for carrying out space syntax analysis 

than axial lines and axial segments; (2) angular analysis and topological analysis are more 

advanced than metric analysis in space syntax study; (3) connectivity, integration and local 

integration (two-step) are more suitable for predicting human movements in space syntax.  

4.3.1 Discussions on related papers 

In the following paragraphs, each founding will be discussed consulting the related studies 

and their corresponding conclusions. Firstly, in terms of street representation model, we can 

rank the predictability of the three kinds of street representations from the best to the worst: 

natural streets, axial lines and axial segments. This finding is identical to what has been found 

in other related studies. In Jiang and Liu’s paper (2009), they carried out a series of tests to 

make comparisons between the predictability values of the analysis based on natural streets 

and axial lines. By defining different limited angles for tracking, a series of natural streets 

were generated. Accessibility measures obtained from topological analysis based on the two 

representation models - natural streets and axial lines were correlated to the real-world traffic 

flow respectively and the correlation results (predictability) were compared afterwards. Their 

results showed that the series of natural streets were all better correlated to real-world traffic 
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flow than the axial lines. Based on their findings, they concluded that natural street was 

superior to axial line when acting as analysis representation unit in space syntax. In another 

paper by Tuner (2007), comparison was made between axial lines and road-centre lines. 

Different from the topological analysis in Jiang and Liu’s study, Turner adopted the segment 

angular analysis and applied it to axial segments and road-central line segments. Similarly, his 

results indicated that road-centre lines worked better than axial lines.  

 

Though the two papers applied different analysis methods and street models, their ideas were 

similar. In some respects, we can regard the case of using segment angular analysis on 

road-centre line segments as the case of using topological analysis on natural streets. To be 

more specific, the principle for generating natural streets is chopping the road-centre lines into 

segments at each junction and tracking the segments with the least turning angle between 

adjacent segments. In this way, the two studies carried out in the two papers both adopted the 

topological view and geometrical (angle) view. Therefore, natural streets have great 

advantages which were fully demonstrated by studies to be used for space syntax analysis in 

order to understand the patterns of human movements. 

  

Secondly, in terms of analysis method, the finding of this thesis is that topological analysis 

and angular analysis are superior to the metric analysis. This finding is in accordance with 

what has been discovered by Turner (2007) as well as Hillier and Iida (2005). In Hillier and 

Iida’s paper, they conducted the same study on topological, angular and metric analysis and 

compared the results by referring to the correlations between analysis measures and the 

real-world traffic flow data. Thanks to the high-accuracy and intensive traffic flow data, their 

results showed good correlation between measures and traffic flow which made their finding 

more convincing and reliable. To interpret why the topological and angular methods were 

more advanced, they attributed to the psychological cognition of human beings toward urban 

space. In their opinions, they thought that human beings perceive the urban space mostly from 

topological and geometrical views rather than metric distance and that is why topological and 

angular analysis methods can have good correlations to human movements.  

 

Concerning this interpretation, Jiang (2008) raised doubts about it. On the contrary, Jiang 

proposed that the good correlation between accessibility measures and human movements had 

nothing to do with how individual human beings perceive the urban space. It did not make 

sense to say that it was the spatial cognition of human beings that causes the good correlation 

between accessibility measures and human movements. To prove his proposal, Jiang and Jia 

implemented an agent-based simulation to test whether spatial cognition of human beings had 

effect on the forming of aggregate flows. The basic idea of the agent-based simulation was 

using random walkers to simulate the movement of humans within a street network. The 

random walkers guaranteed that no spatial cognitions were involved during the generation of 

movements. It turned out that patterns generated by random walkers were the same as the 

patterns generated by human beings. That is to say, spatial cognition of human beings has 

nothing to do with the correlation between accessibility measures and human movements for 

an urban space. 
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However, regardless of the reasons, topological analysis and angular analysis are indeed 

superior to the metric analysis. From another way of thinking, this finding can also mirror the 

advantage of natural-street based model. Natural-street based model itself involves the idea of 

angular thinking. When applying topological analysis to it, it also involves the idea of 

topological thinking. Therefore, natural-street based model reveals its superior to other 

representation models of urban street network.  

 

Thirdly, in terms of accessibility measures, the finding based on the above analysis is that 

connectivity, integration and local integration (two-step) are suggested to be good indicators 

for predicting human movements in space syntax. In Jiang’s paper (2009), he suggested 

PageRank，betweenness and degree measures were better indicators for predicting aggregated 

flow. In Turner’s paper (2007), he also proved that betweenness was a better indicators for 

traffic flow prediction. Some research showed that human movements can be better predicted 

by local integration within two steps than connectivity (Hillier et al.,1993; Penn et 

al.,1998).The finding in this thesis is not quite consistent with others’ conclusions. The poor 

correlations between measures and check-in data may not be as reliable and convincing as the 

others. 

 

To sum up, two reliable and convincing findings can be reached. Firstly, in terms of analysis 

method, angular analysis and topological analysis are more advanced than metric analysis. 

Secondly, natural-street based model is more superior to the other two models for analyzing 

and understanding the functional patterns of urban street network. Based on the two findings, 

it can be hypothesized that topological analysis method with natural-street based model is the 

best combination for the prediction of human movements in space syntax, for the integration 

of topological and geometrical thinking. 

4.3.2 Discussions on practical value of the study 

First of all, this thesis conducted a comparison study on different kinds of street representation 

models and analytical methods in space syntax. Previous studies had also carried out similar 

researches on street representation models or analytical methods. But this thesis is the first 

one to include all the possible models and methods in space syntax in the comparison at one 

time. Limited by the function of software, only two groups f comparison study were carried 

out, that is using topological analysis to study three kinds of street representation models and 

using axial-segment based model to study the three kinds of analytical methods. Though the 

comparison study was not comprehensive, the results also obviously showed that natural 

street model and topological method could generate the best predicting patterns for human 

movement than other models and methods in space syntax. 

 

Secondly, this thesis used the check-in data to generate street popularity pattern as a substitute 

of human movement in the real world. The check-in data contains the information of the 

location of humans in the real world, but this kind of data can not reflect the real traffic flow 

information. It only can provide a distribution of locations where people have been. Within a 

long range of time, this kind of distribution may reflect the pattern of how people move 
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within a specific extent of space because this distribution pattern is also formed by the 

influence of the urban configuration. We termed this distribution as street popularity which 

can be considered as a substitute of human movement in this thesis. The pattern generated by 

check-in data in this thesis is a new kind of traffic data and it can be reliable if the check-in 

points are intensive and cover a long range of time.    

 

This thesis provides a new perspective to study the relationship between theoretical space 

syntax measures and practical human movements using the check-in data. It also provides 

idea to compare all the possible combinations of street models and analytical methods in 

space syntax, though some of them remain unfeasible. Referring to the study results in this 

thesis, we can conclude that natural street model and topological method could generate the 

best predicting patterns for human movement than other models and methods in space syntax. 

However, this conclusion remains to be verified by more tests on the rest of possible 

combinations of models and methods in the future work.    

5. Conclusions and future work 

This section concludes the whole thesis with a brief summary and some conclusions. The 

whole thesis is mainly focused on the comparison among metric analysis, topological analysis 

and angular segment analysis based on three different kinds of urban street representations, 

which are natural streets, axial lines as well as axial segments. Through the empirical studies, 

it can be concluded that topological analysis method with natural-street based model is the 

best combination for prediction of human movements in space syntax. In the last part, some 

future works are proposed.  

5.1 Conclusions 

In this thesis, it is mainly focused on the comparison among metric analysis, topological 

analysis and angular analysis based on three kinds of street representation models, which are 

natural streets, axial lines as well as axial segments. Four study areas (London, Paris, 

Manhattan and San Francisco) were picked up for empirical study. Different accessibility 

measures (connectivity, integration and choice) obtained from a set of space syntax based 

analysis were correlated to a substitute of human movement pattern to evaluate the 

correlations for comparison. The substitute of human movement patterns used in this thesis 

were simulated by geo-referencing the check-in data to the nearest street units, generating an 

attribute of street popularity by humans.  

 

In the end, the comparisons of the results show that: (1) natural-street based model is a better 

representation for carrying out space syntax analysis than axial lines and axial segments; (2) 

angular analysis and topological analysis are more advanced than metric analysis in space 

syntax study; (3) connectivity, integration and local integration (two-step) are more suitable 

for predicting human movements in space syntax. Furthermore, it can be hypothesized that 
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topological analysis method with natural-street based model is the best combination for the 

prediction of human movements in space syntax, for the integration of topological and 

geometrical thinking. 

5.2 Future work 

In the future work, firstly, owing to the limited functions of the software, not all the possible 

combinations of representation models and analysis methods were tested in the thesis. Three 

kinds of representation models with three kinds of analysis methods can make up nine 

possible combinations. In this thesis only five combinations were tested which were: natural 

streets with topological analysis, axial lines with topological analysis, axial segments with 

topological analysis, axial segments with metric analysis and axial segments with angular 

analysis. The rest of combinations should be tested in the future work. To be more specific, 

apply metric analysis and angular analysis respectively to both axial lines and natural streets 

models. In this way, the findings based on the analysis results of all the combinations of tests 

will be more accurate and convincing. 

 

What is more, another kind of traffic data should be used as human movement patterns for 

correlation tests to testify the findings. In the future, if large-scale traffic flow or pedestrian 

flow data is available for city size, the same empirical study should be carried out with this 

reliable kind of human movement data for more convincing results and conclusions. 

 

  



41 
 

References 

Bland, J.M. and Altman, D.G. (1994). Correlation, regression, and repeated data, BMJ: British 

Medical Journal, 308(6933), pp.896. 

 

Caria, F., Serdoura, F., and Ferreira, V. (2003).Recent Interventions in the collective space of 

Lisbon, In Spatial configuration and human activities in Lisbon central area, ISo-CaRP 

Congress. 

 

Cho, E., Myers, S.A. and Leskovec, J. (2011).Friendship and Mobility: Friendship and 

Mobility: User Movement in Location-Based Social Networks ACM SIGKDD International 

Conference on Knowledge Discovery and Data Mining (KDD). 

 

Dalton, N. (2001). Fractional configurational analysis and a solution to the Manhattan 

problem. In Proceedings 3rd International Space Syntax Symposium Atlanta, Atlanta, Georgia, 

available at: http://undertow. arch. gatech. edu/homepages/3sss, (accessed: 21 Apr. 2013). 

 

Freeman, L. (1977). A set of measures of centrality based on betweenness, Sociometry, 40(1), 

pp.35-41. 

 

Goodchild, M.F. (1992). Geographical information science, International Journal of 

Geographical Information Systems, 6 (1), pp.31–45. 

 

Goodchild, M.F. (2007). Citizen as sensors: The world of volunteered geography, GeoJournal, 

69(4), pp.211-221. 

 

Gravetter, F. J., and Wallnau, L. B. (2007). Statistics for the behavioral sciences, Cengage 

Brain. Com, pp.511-521 

 

Haklay, M. (2010). How good is volunteered geographical information? A comparative study 

of OpenStreetMap and Ordnance Survey datasets, Environment and planning B, Planning & 

design, 37(4), pp.682-709. 

 

Hillier, B. and Hanson, J. (1984).The Social Logic of Space, Cambridge University Press, 

Cambridge, pp.281. 

 

Hiller, B., Hanson, J., and Peponis, J. (1987).The accessibility analysis of settlement, 

Architecture and Behavior, 3(3), pp.217-231. 

 

Hillier, B. and Iida, S. (2005). Network and psychological effects in urban movement, 

Proceedings of Spatial Information Theory: International Conference, pp.475-490,  

Springer-Verlag Berlin, Heidelberg. 

 

http://cs.stanford.edu/people/jure/pubs/mobile-kdd11.pdf
http://cs.stanford.edu/people/jure/pubs/mobile-kdd11.pdf


42 
 

Hillier, B., Penn, A., Hanson, J., Grajewski, T., and Xu, J. (1993).Natural Movement-or, 

configuration and attraction in urban pedestrian movement, Environment and Planning 

B, 20(1), pp.29-66. 

 

Hillier, B., Turner, A., Yang, T. and Park, H. (2010). Metric and topo-geometric properties of 

urban street networks: some convergences, divergences and new results. The Journal of Space 

Syntax, 1(2), pp.279-302. 

 

Hillier, B. and Yang, T. (2007). The fuzzy boundary: the spatial definition of urban areas, 

available at: http://eprints.ucl.ac.uk/4110/, (accessed: 5 Apr. 2013). 

 

Hillier, B. (2007).Using Depthmap for urban analysis: a simple guide on what to do once you 

have an analyzable map in the system, MSc Advanced Architectural Studies 2007-8. 

 

Jiang, B. (1999). SimPed: Simulating pedestrian crowds in a virtual environment, Journal of 

Geographic Information and Decision Analysis 3, pp.21-30. 

 

Jiang, B. (2009). Ranking spaces for predicting human movement in an urban 

environment, International Journal of Geographical Information Science, 23(7), pp.823-837. 

 

Jiang, B. (2007). Editorial: Some thoughts on geospatial analysis and modeling, Computers, 

Environment and Urban Systems, 31(5), pp.477-480. 

 

Jiang, B. (2012). Products, Axwoman 6.0, available at: 

http://fromto.hig.se/~bjg/Axwoman.htm, (accessed: 10 Dec. 2012). 

 

Jiang, B. (2013). Head/tail breaks: A new classification scheme for data with a heavy-tailed 

distribution, The Professional Geographer, 65(3), pp.482-494. 

 

Jiang, B.and Claramunt, C. (2002). Integration of space syntax into GIS: new perspectives for 

urban morphology, Transactions in GIS, 6(3), pp.295-309. 

 

Jiang, B. and Claramunt, C. (2004). Topological analysis of urban street 

networks, Environment and Planning B, 31(1), pp.151-162. 

 

Jiang, B., Claramunt, C. and Klarqvist, B. (2000).An integration of space syntax into GIS for 

modelling urban spaces, International Journal of Applied Earth Observation and 

Geoinformation 2, pp.161-171. 

 

Jiang, B. and Jia, T. (2011).Agent-based simulation of human movement shaped by the 

underlying street structure, International Journal of Geographical Information Science, 25(1), 

pp.51-64. 

 

 

http://fromto.hig.se/~bjg/Axwoman.htm


43 
 

Jiang, B. and Liu, C. (2009). Street-based topological representations and analyses for 

predicting traffic flow in GIS, International Journal of Geographical Information 

Science, 23(9), pp.1119-1137. 

 

Jiang, B.and Liu, X. (2010). Automatic generation of the axial lines of urban environments to 

capture what we perceive, International Journal of Geographical Information Science, 24(4), 

pp.545-558. 

 

Jiang, B., Zhao, S., and Yin, J. (2008). Self-organized natural roads for predicting traffic flow: 

a sensitivity study, Journal of statistical mechanics: Theory and experiment, 2008(07), 

P07008. 

 

Jiang, B., Yin, J., and Zhao, S. (2009). Characterizing the human mobility pattern in a large 

street network, Physical Review E, 80(2), 021136. 

 

Miao, Y. (2012). A Tutorial for Transforming a Line Shapefile to Pajek’s Netfile, and then 

back to the shapefile, Gävle, Sweden: University of Gävle. 

 

Miller, H.J. and Shaw, S.L. (2001). Geographic Information Systems for Transportation: 

Principles and Applications, Oxford University Press, Oxford. 

 

Moudon, A.V. (1997). Urban morphology as an emerging interdisciplinary field, Urban 

Morphology 1, pp.3-10. 

 

Noulas, A., Scellato, S., Mascolo, C. and Pontil, M. (2011). An Empirical Study of 

Geographic User Activity Patterns in Foursquare, ICWSM, 11, pp.70-573. 

 

Penn, A. and Dalton, N. (1994). The architecture of society: Stochastic simulation of urban 

movement, Simulating Societies: The Computer Simulation of Social Phenomena, UCL Press, 

London, pp.85-125. 

 

Penn, A., Hillier, B., Banister, D. and Xu, J. (1998).Configurational modeling of urban 

movement networks, Environment and Planning B: Planning and Design, 24, pp.59-84.  

 

Peponis, J. (1989). Space, cultural and urban design in late modernism and after, Ekistics, 334, 

pp.93-108 

 

Ratti, C. (2004). Space syntax: some inconsistencies, Environment and Planning B: Planning 

and Design, 31, pp.501-511.  

 

Sabidussi, G. (1966). The centrality index of a graph, Psychometrika, 31, pp.581-603. 

 

Sun, X. (2012).Tutorial for automatically generating axial lines, Gävle, Sweden: University of 

Gävle. 



44 
 

Turner, A. (2001). Angular analysis, In Proceedings of the 3rd international symposium on 

space syntax, pp. 30-1. 

 

Turner, A. (2007). From axial to road-centre lines: a new representation for space syntax and a 

new model of route choice for transport network analysis, Environment and Planning B: 

Planning and Design, 34(3), pp.539-555. 

 

Turner, A. (2011). Products, UCL Depthmap, available at: 

http://www.spacesyntax.net/software/, (accessed: 12 Dec. 2012) 

 

Virrantaus, K., Markkula, J., Garmash A. and Terziyan, Y.V. (2001). Developing 

GIS-supported location-based services, In Web Information Systems Engineering, 2001. 

Proceedings of the Second International Conference on, 2, pp.66-75.  

 

Xing, W. and Ghorbani, A. (2004). Weighted pagerank algorithm, In Communication 

Networks and Services Research, 2004. Proceedings. Second Annual Conference on, pp. 

305-314. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.spacesyntax.net/software/


45 
 

Appendix A: Tutorial for axial and segment analysis in Depthmap 

A1. Introduction 

Nowadays, more and more attentions are paid to the study of configuration of urban space as well as 

the human activities within it. Space syntax, as a language to describe the urban space relationship, 

aids to provide a way for researchers to have a better understanding of urban configuration and further 

more the human social activities. In space syntax, axial line plays an important role in visualizing and 

analyzing the urban space configuration. Through the calculation of accessibility measures of axial 

lines, human movement patterns can be predicted to a certain degree. Recent years, a new kind of 

perspective to treat the axial lines has been proposed (Turner, 2007) which is called angular segment 

analysis. As the name implies, angular segment analysis applies the idea that is to chop the original 

axial lines into segments at each junctions and then apply the graph measures the same as to the axial 

lines. In such a way, segment analysis regards each segment as an individual element instead of a part 

in the whole axial line.A large amount of empirical studies have been carried out to test which kind of 

urban space representation is best for interpreting human social movement patterns. 

 

This tutorial introduces a kind of software – Depthmap, which can carry out both standard axial 

analysis and segment analysis in terms of angular, topological and metric views. It aims to provide a 

simple guide for Depthmap users in terms of analyzing axial map and segment map of a street network. 

It allows users to combine the analysis results from both axial map and segment map and verify the 

correlations between them. In this tutorial, a French city – Avignon is used as an example helping to 

illustrate the processes. It is the processing method that matters rather than the analysis results. The 

main software included in the tutorial is ArcMap 10 with Axwoman 6.0 extension for generating axial 

lines based on street network, Depthmap 10 for analyzing axial map as well as segment map. There is 

also other software required for assistant which is Excel 2010 for statistical calculation, MapInfo for 

converting data format. The data used in the tutorial is OpenStreetMap and the shapefiles of 

OpenStreetMap can be downloaded directly and freely from http://downloads.cloudmade.com/. The 

basic elements including in this tutorial can be integrated in the following graph. 

http://downloads.cloudmade.com/
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Depthmap(Turner, 2010) is a program used to perform a set of spatial network analysis for 

understanding social activities within the spatial environment and it can be downloaded from 

http://www.spacesyntax.net/software/. It allows user to create and import drawing of spatial features at 

a variety of scales (i.e. buildings or whole city street networks) in drawing exchange format (DXF), 

and then create corresponding maps for analysis. In this tutorial, we only focus on the axial map and 

segment map analysis inDepthmap.For axial map analysis, Depthmap will automatically calculate a 

series of measures, such as integration, choice and so on. Based on the axial map, a segment map can 

be generated through dividing an original axial line at each junction into several segments. For a 

segment map, three kinds of analysis methods which are metric analysis, topological analysis and 

angular analysis can be performed to calculate the measures for an urban street network. The graph 

measures included in the analysis will be introduced detailedly in section 3.    

 

Dethmap provides a powerful tool for urban analysis, especially for axial and segment analysis of 

urban street network. It is freely available to users and simple to manipulate. However, there are some 

inconvenient imperfections: it has low associativity with ArcGIS and low efficiency. The exporting 

format does not include the shapefile which is widely used in ArcGIS and other GIS software. 

Therefore, it needs a data format converter additionally. When dealing with a large amount of data, it 

may take quite a long time to operate.  

 

Axwoman 6.0 (Jiang, 2012) is an extension for ArcMap 10 and used for automatically generating axial 

lines based on urban street shapefile. It is freely available for academic purpose at the website of 

http://fromto.hig.se/~bjg/Axwoman.htm.The remainder of the tutorial is structured as the following 

five main sections: generating axial lines, analyzing axial map and segment map, statistical calculating 

results, checking correlation relationship between the results, displaying the result in ArcMap. 

OpenStreetMap

ArcMap

Axial Map

Depthmap

Axial map analysis Segment map analysis

Result correlation in Excel

Convert in MapInfo

Visualizing in ArcMap

http://www.spacesyntax.net/software/
http://fromto.hig.se/~bjg/Axwoman.htm
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A2. Axial lines generation   

Referring to the Tutorial for automatically generating axial lines (Sun, 2012), the generation of axial 

lines can be summarized as follows: 

1. Download OpenStreetMap shapefile data from the Internet and import to ArcMap 10. 

2. Create boundary layer and use it to clip the shapefile to get the right area. 

3. Define a proper map projection for display. 

4. Rectify the street network data which includes removing isolated arc segments and creating 

topology by exporting it to coverage format. 

5. Generate natural roads based on the street network in Axwoman 

6. Generate axial lines based on the natural roads generated in the previous step in Axwoman. The 

axial lines are displayed below. 

 

 

 

Once the axial lines are generated, in order to import the axial lines to Depthmap, the shapefile should 

be exported to Drawing Exchang Format (.DXF) by right-clicking the layer and choosing Data and 

Export to CAD. The preparation of axial map is completed in ArcMap and it is ready for analysis in 

Depthmap in the next section. 

A3. Axial map and segment map analysis 

Axial and segment analysis is achieved by calculating graph measures which can simply the 

underlying structure of a network. Centrality is a fundamental concept in network analysis and it 

includes many kinds of graph measures. Among all kinds of measures developed by now, closeness 

centrality and betweenness centrality are two well-known and widely-used measures defined by 

Freeman (1979). The basic ideas and calculation methods of the two measures are both based on the 

geodesic distance, namely the shortest-path between two nodes. The shortest-path concept is based on 

the assumption of the reachability of each pair of nodes. Therefore, the measures are only applied to a 

connected graph, the street network in this case. Recently, as the segment analysis appears, the 

shortest-path can be defined in various perspectives. In Depthmap, it is defined as the least-length, the 

least-angle and the fewest-turn which are in perspective of metric, geometric and topological 

respectively. Based on the shortest-path, the closeness centrality and betweenness centrality are 

defined.  
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Closeness is defined by Sabidussi as the reciprocal of the sum of all the shortest-paths from the given 

node to all other nodes. Betweenness is defined by Freeman (1977) as the number of the shortest-paths 

containing the given node dividing the number of all the shortest-paths. In Depthmap, it applies the 

integration and choice measures which have similar definitions to closeness and betweenness 

respectively. In this tutorial, the integration and choice measures calculated in Depthmap can be 

regarded as the common measure of closeness and betweenness.  

Axial analysis 

The integration and choice measures calculated in Depthmap are based on the shortest-path between 

two random axial lines in the map. The shortest-path, from a topological perspective, is calculated by 

summing the number of turns made from the starting axial line to the ending axial line. According to 

Hillier and Iida (2005), the integration (closeness) measure of an axial line is defined as the reciprocal 

of the sum of the least path from the root axial line to all others; the choice (betweenness) measure is 

defined as the number of shortest-paths which contain the root axial line dividing the number of all 

shortest-paths. All the measures are automatically calculated in Depthmap. 

 

1. Start the UCL Depthmap 10, and create a new workspace. 

 

 
 

2. Import the axial lines CAD file under the Map menu. Now the Avignon axial lines file is displayed 

in the Drawing layer. 

 

 

 

 

 

 

 

 

 

1 
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3. To create an axial map in Depthmap, click the Convert Drawing Map under the Map menu. 

Choose the Axial Map for New Map Type and name it Avignon_axial. 

 

 

. 

4. Run the graph analysis for Avignon axial map. Click the Run Graph Analysisunder the Tools 

menu and Axial/Convex/Pesh. What we study in this tutorial is global measures. Therefore the 

Radius for analysis is set to n. Do not forget to check the Include choice (betweenness) option. 

 

 

 

 

 

The axial analysis is done. The choice and integration measures should appear like the graphs below. 

 

  

 

 

 

 

3 
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Segment analysis 

There are three kinds of analysis for segment map, which are metric analysis, topological analysis and 

angular segment analysis. The basic difference among the three methods is the distance cost type when 

calculating the shortest-path between two arbitrary segments. Based on the three kinds of shortest-path, 

the choice (betweenness) and integration (closeness) measures will be calculated.  

 

1. Create the segment map based on the axial map. Click the Convert the Active Mapunder the Map 

menu. Choose the Segment Map for New Map Type, name it Avignon_segment. The segment map 

is displayed in the window.  

 

 

 

 
 

 

 

2. Run the three kinds of segment analysis under the Tools menu and Segment. Admit default settings 

as following. In all cases, n-radius (global) measures are calculated. 

 

 

 

1 

2 
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3. For metric and topological analysis, only the “mean depth” is calculated instead of integration. 

Therefore, two new columns of integration measure should be added. Under the Attributes menu, 

clip Add Column and name the two columns “Metric Integration” and “Topological Integration” 

respectively.  

 

 

 

4. To add values for the new column, right-click the column and choose Edit. To calculate the 

Integration, the formula “NodeCount/MeanDepth” (Hillier, 2007) is applied. In the Formula 

window, form the following lines by clicking the column name on the right side and typing a “/” 

between them. Repeat the same step for column “Metric Integration”.  

 

 

 

The segment results of the three methods are now ready for make comparison with the axial map 

analysis results, which will be done in Excel. Therefore, export the axial map and segment map under 

the Map menu as .csv format and name them “axial_analysis.csv” and “segment _analysis. csv” 

respectively.   

3 

4 
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A4. Statistical calculation in Excel 

1. Open the two .csv files exported in the previous part in the Excel. Create two new Excel files and 

name them axial results and segment results respectively. For the axial results file, copy the Ref, 

x1, y1, x2, y2, Choice and Integration [HH] columns from the axial_analysis.csv file to it. For the 

segment results file, copy the Axial Line Ref, Metric Choice, Metric Integration, Topological 

Choice, Topological Integration, T1024 Choice and T1024 Integration columns from the 

segment_analysis.csv file to it. 

 

 
 

 

 

2. In the segment results excel, values of the six measures should be summarized for the rows which 

have the same Axial Line Ref to make them comparable with the axial analysis results. This can be 

achieved through PivotTablefunction. Choose all the columns in the file and click the 

PivotTableunder the Insert menu 

. 

 

 

3. On the right side of the PivotTable, select the Axial Line Ref field by checking the white box in 

front of it. Then it is added to the Row Labels based on which field values will be summarized for 

other fields. Then select all the other fields in the list and they are added to the Values window.  

 

2 

1 
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4. For summarizing the field values, both sum and average are used in this tutorial since we are not 

sure which one may turn out better correlation with the axial analysis results. To summarize the 

field values, click the field name in the Values list and select Value Field Settings. 

 

5. In the Value Field Settings window, select Sum or Average each time for all the fields. Remember 

to change the Custom Name to “Sum_Source Name” or “Average_Source Name” respectively for 

distinction. 

 

  

 

6. Then select and copy all the summarized results to the “axial results” excel file. Warnings: In this 

step, after pasting the columns, the last row in the file contains a total statistical sum of all rows 

which needs to be deleted. In the end, save the excel file and name it “comparison” for correlation 

test in the next step.            

A5. Correlation test in Excel 

Correlation test aims to find out the dependence between two variables by referring to the value of R
2
 

in linear regression. R
2
 is a useful index in linear regression analysis. This value represents the ratio of 

the variation in one variable that may be explained by the other variable (Bland and Altman, 1994). In 

this tutorial, R
2
 are calculated to verify the correlation between axial analysis results and segment 

analysis results. 

 

3 

4 

5 
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1. Open the “comparison”file in Excel. 

 

2. Choose two corresponding columns and click the Scatter under the Insert menu to generate  

 

 

 

3. Choose the “Layout 9” in the Chart Layouts window, and the linear regression equation and R
2 

will appear in the table. 

 

 

 

 

 

4. Make a table and record the R
2
 values for all pairs of correlations. 

 

 
 

Choice (betweenness) Integration (closeness) 

Sum Average Sum Average 

Metric  0.47 0.33 0.28 0.03 

Topological  0.88 0.94 0.42 0.99 

Angular  0.62 0.56 0.40 0.79 

 

 

 

y = 160.56x + 12043 
R² = 0.6297 
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From the table we can see that, for choice measure, both sum and average summarizations of 

topological analysis and angular analysis have good correlation to the axial analysis, especially the 

topological analysis. Nonetheless, the streets amount used in the tutorial is too small to draw a 

convictive conclusion. It just provides a way of analysis process. In order to study the correlations 

between the segment analysis and axial analysis further, more cities with great number of streets are 

required as sample data. 

A6. Visualization in ArcMap 

For better layout of the result map from axial analysis and segment analysis, it should be displayed in 

Arcmap. The Depthmap cannot export the result map to a data format which can be added in Arcmap, 

so a convert tool is required. In this tutorial, MapInfo Professional 7.0 plays an intermediate role for 

data conversion.  

 

  

 

 

Firstly, export the axial map and segment map from the Depthmap to MapInfo file (.mif) under the 

Map menu. Then use the Universal Translator in MapInfo Professional 7.0 under the Tool menu. 

Choose MapInfo MID/MIF as input format and the .mif file as input file while choose the ESRI Shape 

as output format. As a result, the output shapefile data can be added and displayed in ArcMap. 

 

1. In ArcMap, right-click the shapefile layer and select Layer Properties.  

 

2. Under the Symbology field, you can choose the Graduated colors from red (low) to blue (high) 

and based on the CHOICE field with 10 classes of values.  

 

 

 

.mif shapefile 
Depthmap ArcMap MapInfo 
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3. To reverse the color range order for the values, click the Symbol upside the list and select Flip 

Symbols.  

 

4. For clear appearance, the background color should be changed to black in the Data Frame 

Properties under the View menu.  

 

 

 

5. In the Layout View, display the result map. The final map is shown below. 

 

 

4 
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Appendix B: Data archiving 

The data used for the empirical study came from two kinds of data source which were OSM 

and location-based check-in data. The OSM was used for generating different kinds of street 

representation models while the check-in data was processed as simulated human movement 

patterns. 

 

The original OSM was downloaded from http://downloads.cloudmade.com/. The check-in 

data was from two popular location-based online services- Gowalla and Brightkite, available 

at http://snap.stanford.edu/data/index.html#locnet. Data from Gowalla contains 6442890 

check-ins of user over the period from February in 2009 to October in 2010. Data from 

Brightkite contains 4491143 check-ins of user over the period from April in 2008 to October 

in 2010. 

 

In order to keep the data and share the data with people who want to redo the studies in the 

thesis, the data is available onhttps://sites.google.com/site/masterthesisxxl/home.The data is 

wrapped as zip file and each folder contains all the data used in the thesis for one city. For 

each city, all the data was saved in .mxd file with relative pathnames to data sources which 

can be directly opened by ArcMap. It includes check-in point shapefile, natural street 

shapefile, axial line shapefile and axial segment shapefile. For the three line features, there are 

several accessibility measures in their attribute tables which were calculated by Axwoman or 

Depthmap. Before you redo the analysis, it is better to delete the old measures in case of 

confusion. Table below shows the statistical information of the data. 

 

Count Check-in points Natural streets Axial lines Axial segments 

London 60,294 4,280 4,946 26,114 

Paris 23,846 5,701 7,779 48,202 

Manhattan 158,408 1,659 2,109 17,520 

San Francisco 207,161 3,804 4,866 33,679 

 

Once you download the data, you can follow the tutorial in Appendix A to carry out similar 

studies. Besides the data, you also need the following software: ArcMap, Axwoman (free 

available athttps://sites.google.com/site/axwoman60/), as well as Depthmap (free available at 

http://www.spacesyntax.net/software/).  

 

 

 

http://downloads.cloudmade.com/europe/northern_europe/sweden/gavleborg#downloads_breadcrumbs
http://snap.stanford.edu/data/index.html#locnet
https://sites.google.com/site/masterthesisxxl/home
https://sites.google.com/site/axwoman60/
http://www.spacesyntax.net/software/
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