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ABSTRACT 

Today, movement data are easily collected from a mobile phone and used as a useful data for 

providing services. However, there are not many space syntax studies using such data. In this study, 

we aim to quantitatively describe the relation between space syntax indices, potentials from a railway 

station, land use and street configuration such as width or length of a street, and density and speed of 

pedestrians using multiple regression analysis and correlation analysis. Then, results of these analyses 

provide the model of how we walk or move in urban space and can be applied to urban planning, 

urban development or store opening planning.  

We used the point data of people flow collected from smartphone passing through Saitama City 

during a year. Concretely, the data set contains approximately 5,000 anonymous users and 500,000 

points per day and each record in the dataset has information such as daily user ID, latitude, longitude, 

time-stamp, locational accuracy, speed and direction of movement. In this research, we extracted the 

pedestrian data which were positioned in Omiya, with the accuracy of less than 30 meters’ error, 

obtained from iOS smartphones. The point data were aggregated at segments between intersections or 

closer points separately using GIS, and the number of associated points, the average of movement 

speed and standard deviation of it were given to it. We used the road centerline map around Omiya 

station and converted curved polylines into simple straight lines. Then, we conducted space syntax 

analysis using depthmapX and gathered the result of the analysis, other street information, and the 

aggregated mobile phone data. Also, we calculated the potentials from railway station using gravity 

model or entropy model. 

Finally, we analyzed walking characteristics – pedestrian density and walking speed - and spatial 

configuration – indices of space syntax, potentials, land use and size of a road segment - by multiple 

regression analysis and correlation analysis and found the relationships between them. Density and 

speed of movements around Omiya station were modeled and estimated by the space syntax indices, 

potentials, land use and street configuration. 
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1. INTRODUCTION 

Pedestrian traffic prediction is important for urban planning, urban development, and store opening 

planning. Walking speed prediction is also important for urban design. Recently, movement data from 

mobile phones are easily collected and used. The advantage of using such data is that we can get 

relatively large-scale data, data from minor streets, and not only pedestrian density but also data such 

as walking speed. 

The studies about city configuration started with the concept of ‘natural movement’ that movement flow 

relates to the configuration of street networks (Hillier et al. 1993). Then, the concept of ‘movement 

economy’ that movement forms spatial configuration and land use and they form movement was 

proposed (Hillier 1996). After that, the superiority of Angular distance to Metric distance in segment 

analysis was showed (Hillier and Iida 2005). Also, an area which has both low local and global metric 
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mean depth was analyzed in (Hillier 2007). There is the research that segment analysis using road 

centerline to axial analysis (Turner 2007). Vehicular flows also relate to space syntax indices through 

segment analysis using very large dataset (Serra, Hillier 2017). GPS was used for the space syntax study 

about historical heritage by converting segment to grid (Li et al. 2016). Basic study using GPS also 

conducted recently (Horanont et al. 2015). Moreover, the research about accessibility using location 

data from mobile phone was performed (Chen et al. 2018). 

Regarding the studies about walking speed, there is the study about the relation between walking speed 

and pedestrian traffic volume (Maenaka and Yoshida 1989) and the study that urban space was 

classified by acceleration and variance of walking speed and suitable designs were proposed for each 

class (Watanabe and Hato 2007). 

There are few studies for predicting pedestrian density and speed using space syntax and mobile phone 

data. Therefore, we used the mobile phone data and reveal the relation between space syntax indices, 

potentials from a railway station, indices of land use and street configuration such as the width of a 

street, and density and speed of pedestrians using multiple regression analysis and correlation analysis. 

To reveal the relation, we used the following data, 

⚫ point data from smart phone

⚫ digital map of road center line, railway center line and land use

⚫ pedestrian traffic data

⚫ the number of train station user data

This research was performed according to the following flow, 

A) data cleaning

B) correlation analysis of pedestrian density

C) multiple analysis of pedestrian density

D) correlation analysis of walking speed

E) multiple analysis of walking speed

F) reviewing the results

2. DATASETS AND METHODS

2.1. Datasets 

2.1.1. Point data from smart phone 

We use a dataset which consists of point data from the application user in Saitama City in 20171. We 

identify an individual using dailyID which is given to each mobile phone every day. Therefore, if the 

date changes, we treat the same person as a different person. The data set contains approximately 5,000 

anonymous users and 500,000 points per day and each record in the dataset has information such as 

dailyID, latitude, longitude, time-stamp, the accuracy of location, speed and OS. In this research, we 

extracted the pedestrian data which are positioned in Omiya, with the accuracy of less than 30 meters’ 

error, obtained from iOS smartphone. 

2.1.2. Digital map data 

In this research, we used three types of digital map published by Geospatial Information Authority of 

Japan (GIA). The first one is road centerline data which has 217,492 segments. It consists of polylines 

which have information such as road width. In this research, we eliminated the polylines of motorway 

and create lines of main passage at a train station because we focused pedestrian movement. We did 

space segment analysis of space syntax using the whole segments excepts ones described above. 

Regarding correlation analysis and multiple regression analysis, we did them in the area as large as 

Omiya ward (Large area) to reduce the edge effects. Furthermore, we did them in the center of Omiya 

where there are a lot of commercial facilities (Small area) to improve the accuracy of the model about 

an important area. These three types of area are showed in Figure 1. There are not only Omiya station 

but also some other railway stations around the Large area. 
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Figure 1. Segment map (Blue, Red, and Green: Space syntax analysis area, Red and Green: Large area, Green: Small area). 

 

The second is railway centerline data for accuracy improvement when point data is joined to the nearest 

road segment. The third is land use data, and it consists of polygons. In this research, we used only 

polygons of ‘Forest/ Wilderness’, ‘Rice field’, ’Field, other agricultural land’, ’Industrial site’, ’Low-

rise residential site’, ’Dense low-rise residential site’, ’Middle to high-rise residential 

site’, ’Commercial/ business site’, ’Park/ green space’, ’Public utility space’ and ‘River/ lake’ because 

this data is created in 2005 and used them as explanatory variables. 

2.1.3. Pedestrian traffic data 

We used Pedestrian traffic data published by Saitama City as actual data2. The investigation was 

conducted from October 2015 to December 2015, and we used data at 25 points. 

2.1.4. The number of train station user data 

We used the number of users of train station data published by Saitama prefecture3. It is data in 2016, 

and we used it as weight when potentials were calculated. 

2.2. Methods 

2.2.1. Space syntax (SS) 

In this research, we adopted segment analysis and two types of distance cost – Angular and Metric. The 

Angular distance cost 𝑑𝑎 is defined as, 

𝑑𝑎,𝑖,𝑗 =
2𝜃

𝜋
(1) 

where 𝑑𝑎,𝑖,𝑗 is the Angular distance cost between segment i and j, 𝜃 is the angle of the segment i and j 

(θ ∈ [0, 𝜋]). On the other hand, the Metric distance cost 𝑑𝑚 is defined as, 

𝑑𝑚,𝑖,𝑗 =
𝑙𝑖 + 𝑙𝑗

2
(2) 

where 𝑑𝑚,𝑖,𝑗 is the Metric distance cost between segment i and j, 𝑙𝑖 , 𝑙𝑗 are the length of segment i, j. By 

using these types of distance cost, two shortest paths between segments are given. Also, we used some 

network radii defined by two types of distance cost. Regarding indices, we adopted four kind of indices 

of space syntax – Step Depth, Choice, Integration, Total Segment Length. All indices can analyze with 

different types of distance cost and network radii. Step Depth (D) indicates the length of the shortest 

path between a given segment and another. It was used to calculate potentials described later. Choice 

indicates betweenness, which increases when the segment is used as one of the segments of the shortest 

paths. Formally, Choice may be defined as, 

a segment map. b enlarged map. 

3



 Proceedings of the 12th Space Syntax Symposium 

𝐶𝑖 = ∑ ∑
𝑛𝑗𝑘(𝑖)

𝑛𝑗𝑘
𝑘𝑗

(3) 

where 𝐶𝑖 is the Choice of a given segment i, 𝑛𝑗𝑘(𝑖) is the number of shortest paths between segment j 

and k that contain segment i and 𝑛𝑗𝑘  is the number of all shortest paths between segment j and k. 

Integration (Int) indicates closeness, which increase when the number of segments within the radius 

increases or the average of the distance between a given segment and another decreases. Formally, 

Integration may be defined as, 

𝐼𝑖 =
𝑁2

∑ 𝐷𝑖𝑗𝑗

(4) 

where 𝐼𝑖  is the Integration of a given segment i, 𝑁 is the number of the segments within the radius and 

𝐷𝑖𝑗  is the Step Depth between segment i and j. Total Segment Length (TSL) indicates closeness based 

on the length of the segment, which increase when the sum of the length of all the segments within the 

radius increase. Formally, TSL may be defined as, 

𝑇𝑆𝐿𝑖 = ∑ 𝑙𝑗
𝑗

. (5) 

In this research, we introduced Potential to indicate the distance from stations because the train is very 

important transportation in Japan, especially developed cities like Omiya. The potential was calculated 

from D from stations and the number of users of a station. Formally, it may be defined as, 

𝑃𝛽,𝑖 = ∑ 𝑈𝑗 ∙ 𝐷𝑖𝑗
𝛽

𝑗

        = ∑ 𝑈𝑗 ∙ 𝑃𝐷𝑖𝑗
𝑗

(6) 

where β ∈ {1, −1, −2}, 𝑃𝛽,𝑖 is Potential of a given segment i, 𝑈𝑗 is the number of the users of station j 

and 𝑃𝐷𝑖𝑗  is the β-th power of 𝐷𝑖𝑗 . 

Before making a space syntax analysis, we converted polylines of the road-center line map to lines to 

be easy to join results. Moreover, we performed segment analyses shown by Table 1 using depthmapX. 

Where radius n seen on Table 1 indicates that a network radius isn’t used (global). 

Table1. Kind of segment analysis. 

Index 
Type of distance for 

the shortest path 

Type of distance 

for radii 
Kind 

Choice, Integration, 

Total Segment Length 

Angular 
Angular radii = {1, 2, 3, 4, 5, 6} 

Metric radii = {500, 1000, 1500, 2000, 2500, 3000, 3500, 4000, n} 

Metric Metric radii = {500, 1000, 1500, 2000, 2500, 3000, 3500, 4000, n} 

Step Depth 

Angular  

Origin = {Kita-omiya Sta., Kita-Yono Sta., Tetsudo-Hakubutsukan 

Sta., Nishi-Omiya Sta., Omiya Sta., Owada Sta., Omiya-koen Sta., 

Saitama-Shintoshin Sta.} 

Metric  

Origin = {Kita-omiya Sta., Kita-Yono Sta., Tetsudo-Hakubutsukan 

Sta., Nishi-Omiya Sta., Omiya Sta., Owada Sta., Omiya-koen Sta., 

Saitama-Shintoshin Sta.} 

 

2.2.2. Data cleaning and aggregating 

In this research, we focused on pedestrians. Therefore, we had to select appropriate data from chaotic 

point data. First, in addition to the speed column which original point data had, and which was based 

on acceleration sensor data (Speed), we created two new variables representing speed to improve data 
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cleaning accuracy. New variables were calculated by distance from point to point, time and accuracy. 

Formally, 𝑆𝑝𝑒𝑒𝑑′ may be defined as, 

𝑆𝑝𝑒𝑒𝑑′
𝑘

=
1

2
(

𝑑𝑖𝑠𝑡𝑘−1,𝑘 − 𝛿 ∙ 𝑎𝑐𝑘−1 − 𝛿 ∙ 𝑎𝑐𝑘

𝑚𝑒𝑟𝑔𝑘−1,𝑘

+
𝑑𝑖𝑠𝑡𝑘,𝑘+1 − 𝛿 ∙ 𝑎𝑐𝑘 − 𝛿 ∙ 𝑎𝑐𝑘+1

𝑚𝑒𝑟𝑔𝑘,𝑘+1

) (7) 

𝛿 = {
0
1

(simple speed)

(min 𝑝𝑜𝑠𝑠𝑖𝑏𝑙𝑒 𝑠𝑝𝑒𝑒𝑑)
 

where 𝑑𝑖𝑠𝑡𝑘−1,𝑘 is a distance from (k-1)-th point to k-th point, 𝑎𝑐𝑘 is an accuracy of k-th point and 

𝑚𝑒𝑟𝑔𝑘−1,𝑘 is a margin from (k-1)-th point to k-th point. We showed the relation between each types of 

speed in Figure 2a. Also, we adopted the concept of window that the point between non-pedestrian 

points inside of windows was determined as a non-pedestrian point (Figure 2b). Then, we extracted 

pedestrian point data in the method shown in Figure 2c. 

We selected data in a 2(simple/ min possible speed) × 3(0/ 300/ 600s window) × 2(with/
 without points whose speed is 0m/s) = 12 patterns, joined point data to the nearest road segment, 

and calculated pedestrian density as follows, 

𝐷𝑒𝑛𝑠𝑖𝑡𝑦 =
𝐶𝑜𝑢𝑛𝑡

𝐿𝑒𝑛𝑔𝑡ℎ
(8) 

 

Figure 2a. Speed. 

 

 

Figure 2b. Window. 
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Figure 2c. Flow of determining movement state. 

 

where 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 is pedestrian density, 𝐶𝑜𝑢𝑛𝑡 is the number of points which a road segment has, and 

𝐿𝑒𝑛𝑔𝑡ℎ is length of a road segment. The average and the sample standard deviation of Speed were also 

calculated on each segment and we called them Ave_Speed and SD_Speed. Finally, we calculated 

correlation coefficient of Density and actual pedestrian traffic data. According to the correlation analysis 

(Figure 3), we decided to use simple speed, 0s window, without points whose speed is 0m/s data for 

following analyses. We conducted a Kernel density estimation to reveal a property of the data (Figure 

4). We can see dense areas around Omiya Station, Saitama-Shintoshin station and some principal roads. 

 

Figure 3. Correlation coefficient between Density and actual pedestrian traffic 

 (WINw: Window size, MINSP/ SP: min possible speed/ simple speed and 0UP: without points whose speed is 0m/s). 

 

Figure 4. Kernel density estimation. 
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Regarding land use, we joined data of it within 25m from a given segment to it because the maximum 

of the distance between a segment and the adjacent polygons of land use was about 24m and created 

dummy variables indicating if there are each kind of land use around a given segment. In addition, the 

sum of the area of adjacent Commercial/ Business sites (BS [m2]) was stored in each segment. When 

we took the log of the variable of the area as the third variable of Commercial/ Business site, all value 

of the area was taken the log of after added 1 in order that minimum would be 0 as follows, 

𝐿𝑔𝐵𝑆 = log10(𝐵𝑆 + 1) . (9) 

Also, because this variable may be influenced by the length of a given segment, we can create the new 

variable (BSL [m]) as, 

𝐵𝑆𝐿 =
𝐵𝑆

𝐿𝑒𝑛𝑔𝑡ℎ
. (10) 

Although we can take the log of BSL, its value isn’t very larger than 0. Therefore, LgBSL may be defined 

as, 

𝐿𝑔𝐵𝑆𝐿 = {
0

log10 𝐵𝑆𝐿
(𝐵𝑆𝑆𝐿 = 0)

(𝐵𝑆𝑆𝐿 ≠ 0).
(11) 

Furthermore, we extracted the square root of BS because the unit of BS is m2 and called SQRTBS [m]. 

Then, we also created a dimensionless number (SQRTBSL) as, 

𝑆𝑄𝑅𝑇𝐵𝑆𝐿 =
𝑆𝑄𝑅𝑇𝐵𝑆

𝐿𝑒𝑛𝑔𝑡ℎ
. (12) 

Next, we eliminated the multilayer area around Omiya station, segments on the edge and segments 

whose value of indices of space syntax are 0 or -1 (error value). Finally, we took the log of indices of 

SS and potentials. 

2.2.3. Analysis of pedestrian density 

In the analysis of pedestrian density, we thought about not Density defined above but the logarithmic 

value of Density (Log10Density) because Log10Density had Gaussian distribution. In the Large area 

analysis, we analyzed 5,039 segments. First, we performed Pearson’s correlation analyses between 

pedestrian density – Log10Density – and indices of space syntax and selected no more than three 

variables which had large correlation coefficient against pedestrian density and small correlation 

coefficient against the other selected variables for each of indices. In almost the same way, we 

performed the correlation analyses between pedestrian density and Potential, width and length of road 

segments and variables of land use. Regarding Potential, we confirmed that the coefficient of Potential 

is larger than PD from each station. Second, we made multiple regression analyses using a stepwise 

method with pedestrian density as a response variable and the selected indices as explanatory variables. 

The Small area analysis was done for 805 segments in almost the same way as the Large area analysis. 

In addition, we compared the results of Small area analysis and those of Large area analysis by using 

the significance test for the correlation coefficient based on Fisher’s z-transformation partly. 

2.2.4. Analysis of walking speed 

In the analysis of walking speed, we thought about Ave_Speed and SD_Speed. Also, we analyzed the 

segments which had more than 50 or 300 points in the Large area (C50, C300) because a certain number 

of points are needed to confide Ave_Speed and SD_Speed. The number of segments in C50 was 1740, 

and one in C300 was 437. C50 analysis was performed just to confirm that C300 analysis provides well 

result than C50 analysis. Because the average of distance between consecutive points of individuals was 

360m2 and the average of length of segments was 44m, there was 1 point out of 8 segments on each 

movement. If one person passed the same path two times on each weekend, he or she would pass the 

same way during a year. It means that there are 60 points out of a segment on average. Therefore, 300 

points mean points from 5 people. However, because we didn’t find this property when we watched 

point data on GIS, it was thought that there were fewer points from one person than this estimation. Due 
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to analyzing segments which have many points, this analysis tends to be performed for popular segments. 

First, we made the Welch’s ANOVA (Welch 1951) that is the test for difference of average used when 

each of the sample variances of the segment is different. The result shown in Table2 shows that 

Ave_Speed isn’t from the same population. 

Table 2. Welch’s ANOVA. 

 F-value df1 df2 p-value 

C50 21.15 1739 70198 0.000 

C300 46.50 494 86855 0.000 

 

In this research, we aim to reveal the relationship between pedestrian movement and spatial 

configuration. Therefore, we didn’t focus on the relation between walking speed and pedestrian density. 

However, we did correlation analysis and visualize Log10Density in C300 because the basic analysis is 

needed at least. Seeing Table 3, we found that correlation coefficients between walking speed and 

pedestrian density were not very high. Moreover, Figure 5a showed that Potential was a dominant index 

for pedestrian density. Figure 5b showed that segments on principal roads had high average and standard 

deviation of walking speed and segments close to the intersection of principal roads had low average 

and high standard deviation due to traffic signals. On the other hand, segments around the east side of 

Omiya station had low average, and standard deviation and ones around the west side had high average 

and low standard deviation. 

Table 3. Correlation coefficient between walking speed and pedestrian density (C300). 

  Avg_Speed SD_Speed Count Density Log10Density 

Avg_Speed 1.000     

SD_Speed 0.331 1.000    

Count -0.124 -0.178 1.000   

Density -0.178 -0.249 0.729 1.000  

Log10Density -0.144 -0.224 0.641 0.837 1.000 

 

               a. Log10Density.                                                                       b. Ave_Speed and SD_Speed. 

Figure 5. Basic illustration in C300. 

 

In the analysis of walking speed, we made analyses in almost the same way as the analysis of 

pedestrian density. Different points were that we didn’t performed the Small area analysis because the 

Large area analysis already analyze only important segments, that we didn’t take the log of response 

variables – Ave_Speed and SD_Speed – because they exhibit a Gaussian distribution, that correlation 

coefficients of C300 are larger than those of C50 by significance test and that we used only the 

dummy variable regarding variables of Commercial/ Business site.  
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3. RESULTS  

3.1. Analysis of pedestrian density 

3.1.1. Correlation analysis 

The results of the correlation analysis between the indices of pedestrian density and space syntax are 

shown in Table 4a and b. Yellow indicates the primary variable used for multiple regression analysis 

and green indicates the second and third ones. ‘*’ and ‘**’ in Table 4b indicate that correlation 

coefficient in Small area analysis is significantly higher than that in Large area at the 0.05 and 0.01 

probability level. They show that Angular analyses have higher correlation coefficient than Metric ones. 

We think that the reason indices with wide radii have high correlation coefficient is that the city is 

formed for not only pedestrian but also vehicle. Also, logarithmic Choice is more important than Choice 

because Pearson’s correlation assumes Gaussian distribution and influence from logarithmic Choice in 

the Small area is larger than that in the Large area. 

The result of correlation analysis between the indices of pedestrian density and Potential is shown in 

Table 4c. Variables used for multiple regression analysis and significant differences are illustrated by 

the same way. Brue indicates that the variable which has high correlation coefficient but wasn’t used 

for multiple regression analysis. We found that the correlation coefficient against Potential is higher 

than that of PD from each station. In the Small area analysis, 1st power of Angular Potential has the 

highest correlation coefficient. However, there was no significant difference, and we used the same 

indices as those in the Large area for multiple regression analysis. Also, the correlation coefficient in 

the Small area is higher than that in the Large area. 

The result of correlation analysis between the indices of pedestrian density and variables of 

Commercial/ Business site and width of streets are shown in Table 4d. Yellow indicates the primary 

variables and Blue indicates alternative variables because only one variable was used for multiple 

regression analysis. ‘*’ and ‘**’ have the same meanings. B indicates the dummy variable of 

Commercial/ Business site. SQRTBS is the best variable of the Commercial/ Business site, and the 

correlation coefficient in the Small area is significantly higher than that in the Large area. Regarding 

the width of roads, we can see the tendency that wide road has a large density of pedestrians. In the 

Small area, we used not only continuous variable of the width of roads but also dummy variables 

because the best correlation coefficient of all dummy variables is almost the same as that of a continuous 

variable. 

The result of correlation analysis between the indices of pedestrian density and the other variables is 

shown in Table 4e. We use ‘*’ and ‘**’ the same way. We found Low-rise residential site has negative 

effect. The reason that the dummy variable of Low-rise residential site in the Small area has a stronger 

negative correlation is assumed that the number of the segments which are near Low-rise residential 

site but have large density of pedestrian such as principal roads decreases. 

Table 4a. Correlation coefficient between pedestrian density and indices of SS (Large area). 

Kind Index of SS 

Type of distance 

for shortest path 

Type of distance 

for radii 
Radii Choice 

Log 

Choice 
Int 

Log 

Int 
TSL 

Log 

TSL 

Metric 
Metric 

500 0.03 0.03 -0.12 -0.13 -0.07 -0.07 

1000 0.17 0.18 -0.08 -0.08 -0.02 -0.02 

1500 0.25 0.25 -0.03 -0.03 0.05 0.05 

2000 0.30 0.29 -0.01 0.00 0.10 0.10 

2500 0.32 0.31 0.01 0.01 0.13 0.13 

3000 0.33 0.32 0.02 0.02 0.14 0.14 

3500 0.35 0.33 0.10 0.10 0.24 0.24 

4000 0.36 0.34 0.25 0.25 0.39 0.38 

global n 0.37 0.39 0.41 0.41    

Angular Metric 
500 0.09 0.11 0.08 0.08 -0.03 -0.03 

1000 0.28 0.26 0.18 0.17 0.04 0.04 
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Table 4a (cont.). 

Angular 

Metric 

1500 0.36 0.32 0.28 0.25 0.14 0.14 

2000 0.40 0.35 0.35 0.33 0.21 0.21 

2500 0.41 0.37 0.40 0.37 0.24 0.24 

3000 0.42 0.38 0.43 0.40 0.24 0.23 

3500 0.42 0.39 0.46 0.43 0.25 0.25 

4000 0.43 0.40 0.49 0.46 0.29 0.28 

global n 0.32 0.44 0.46 0.45     

Angular 

1 0.37 0.35 0.44 0.38 0.43 0.37 

2 0.40 0.37 0.44 0.36 0.45 0.36 

3 0.41 0.40 0.47 0.36 0.48 0.37 

4 0.41 0.42 0.50 0.38 0.50 0.38 

5 0.41 0.44 0.51 0.38 0.51 0.38 

6 0.40 0.44 0.50 0.38 0.50 0.38 

 

Table 4b. Correlation coefficient between pedestrian density and indices of SS (Small area). 

kind Index of SS 

Type of distance 

for shortest path 

Type of distance 

for radii 
Radii Choice 

Log 

Choice 
Int 

Log 

Int 
TSL 

Log 

TSL 

Metric 
Metric 

500 0.00 0.00 -0.31 -0.28 -0.24 -0.20 

1000 0.20 0.22 -0.18 -0.15 -0.06 -0.03 

1500 0.28 0.31 -0.08 -0.06 0.10 0.10 

2000 0.33 0.35* 0.01 0.01 0.19** 0.18* 

2500 0.36 0.38* 0.01 0.01 0.11 0.10 

3000 0.38 0.39* -0.03 -0.03 0.03 0.04 

3500 0.39 0.41* 0.09 0.09 0.23 0.22 

4000 0.41 0.42* 0.21 0.20 0.34 0.32 

global n 0.40 0.44 0.46 0.46    

Angular 

Metric 

500 0.16* 0.19* 0.08 0.09 -0.15 -0.13 

1000 0.36** 0.38** 0.16 0.16 0.00 0.01 

1500 0.40 0.42** 0.29 0.27 0.21* 0.19 

2000 0.41 0.44** 0.38 0.36 0.33** 0.32** 

2500 0.42 0.46** 0.44 0.42 0.33** 0.32* 

3000 0.41 0.47** 0.45 0.43 0.28 0.28 

3500 0.41 0.47** 0.46 0.44 0.24 0.24 

4000 0.41 0.48** 0.50 0.48 0.30 0.29 

global n 0.31 0.51** 0.45 0.44     

Angular 

1 0.38 0.46** 0.47 0.48** 0.45 0.48** 

2 0.40 0.46** 0.43 0.42* 0.44 0.42* 

3 0.39 0.46* 0.45 0.40 0.46 0.40 

4 0.39 0.47 0.47 0.40 0.48 0.40 

5 0.38 0.48 0.48 0.40 0.48 0.40 

6 0.38 0.49 0.49 0.41 0.48 0.40 
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Table 4c. The magnitude of correlation coefficient between pedestrian density and PD or Potential. 

Type of distance Metric Angular 

Degree of SD 1 -1 -2 1 -1 -2 

Large 

area 

PD from Kita-omiya Sta. 0.25 0.10 0.05 0.32 0.09 0.04 

PD from Kita-Yono Sta. 0.24 0.20 0.16 0.35 0.35 0.31 

PD from Tetsudo-Hakubutsukan Sta. 0.09 0.02 0.02 0.31 0.12 0.03 

PD from Nishi-Omiya Sta. 0.13 0.19 0.21 0.17 0.15 0.15 

PD from Omiya Sta. 0.43 0.49 0.39 0.46 0.08 0.05 

PD from Owada Sta. 0.13 0.07 0.03 0.36 0.36 0.35 

PD from Omiya-koen Sta. 0.13 0.08 0.05 0.30 0.29 0.28 

PD from Saitama-Shintoshin Sta. 0.26 0.19 0.14 0.45 0.28 0.10 

Potential 0.43 0.50 0.40 0.48 0.08 0.05 

Log10Potential 0.48 0.51 0.51 0.51 0.46 0.46 

Small 

area 

PD from Kita-omiya Sta. 0.35 0.30 0.27 0.45 0.41 0.38 

PD from Kita-Yono Sta. 0.15 0.08 0.05 0.24 0.21 0.18 

PD from Tetsudo-Hakubutsukan Sta. 0.08 0.14 0.17 0.31 0.28 0.23 

PD from Nishi-Omiya Sta. 0.32 0.34 0.35 0.23 0.25 0.26 

PD from Omiya Sta. 0.62 0.60 0.51 0.64 0.11 0.09 

PD from Owada Sta. 0.37 0.34 0.33 0.36 0.37 0.36 

PD from Omiya-koen Sta. 0.28 0.24 0.22 0.39 0.42 0.42 

PD from Saitama-Shintoshin Sta. 0.35 0.25 0.20 0.55 0.47 0.39 

Potential 0.62** 0.60** 0.51** 0.65** 0.12 0.09 

Log10Potential 0.64** 0.64** 0.64** 0.64** 0.49 0.49 

 

Table 4d. Correlation coefficient between pedestrian density and C/ B site or width of road. 

 Commercial/ Business site 

 B BS SQRTBS LogBS BSL LogBSL SQRTBSL 

Large Area 0.30 0.45 0.52 0.41 0.25 0.47 0.20 

Small Area 0.37* 0.59** 0.67** 0.54** 0.29 0.57** 0.26* 

 Width of Road 

 Width_3 Width3_55 Width55_13 Width195_ CenterWidth 

Large Area -0.04 -0.38 0.35 0.24 0.41 

Small Area -0.07 -0.36 0.34 0.22 0.37 

 

Table 4e. Correlation coefficient between pedestrian density and the other variables. 

 Length 
Forest/ 

Wilderness 

Rice  

field 

Field, other 

agricultural 

land 

Industrial 

site 

Low-rise 

residential 

site 

Dense low-

rise 

residential 

site 

Middle to 

high-rise 

residential 

site 

Park/ 

green 

space 

Public 

utility 

space 

River/ 

lake 

Large 

Area 
0.04 -0.09 -0.03 -0.16 -0.03 -0.27 -0.15 -0.02 0.00 0.13 -0.07 

Small 

Area 
0.06    -0.06 -0.57** -0.18 -0.21** -0.11** -0.02** -0.09 
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3.1.2. Multiple regression analysis 

The result of multiple regression analysis in Large area is shown in Table 5. Where, SE is standard error 

and SB is standardizing B. In the Large area, we got 0.520 of adjusted R2. -2th power of logarithmic 

Potential is the strongest variable and following variables are square root of BS, logarithmic Angular 

Choice with Angular 6 radius and dummy variable of Low-rise residential site. From Figure 6, we found 

that there are many people around stations and on principal roads. On figure of estimated value, we can 

see strong influence from variable of Potential. However, it is thought that the area which stations 

influence is smaller than this model estimated. Although the estimated value of segments around 

stations is relatively good, the segments around Omiya park had lower value than actual. We think it is 

because we didn’t think about Omiya park. 

Adjusted R2 in the Small area is higher than that in the Large area and logarithmic Angular Choice with 

Angular 1 radii is selected as fourth variable in the Small area (Table 6). From Figure 7, we found that 

there were many people around stations and on principal roads as well as the result in the Large area. 

As you can see from the higher adjusted R2, the result of multiple regression model in the Small area 

appears well than the result in Large area. Also, we found that there were few segments which had large 

error around Omiya station. 

Table 5a. Result of multiple regression analysis (Large area). 

R R2 Adjusted R2 SE of estimated value F -value p-value 

0.722 0.521 0.520 0.49104 420.394 0.000 

Table 5b. Coefficients of multiple regression analysis (Large area). 

 Coefficient 
Standardizing 

Coefficient 
95.0% CI of B Multicollinearity 

 B SE SB Lower limit value Upper limit value VIF 

Const. -1.575 1.203   -3.934 0.784   

Log10M-2Potential 0.493 0.033 0.264 0.428 0.557 3.270 

SQRTBS 0.004 0.000 0.217 0.004 0.004 1.543 

Log10A_ChoiceR6 0.112 0.014 0.153 0.085 0.140 3.828 

Low-rise residential site -0.314 0.023 -0.150 -0.359 -0.270 1.248 

CenterWidth 0.024 0.003 0.109 0.018 0.029 1.768 

Log10M_ChoiceRn 0.061 0.010 0.085 0.041 0.082 2.143 

Park/ green space 0.128 0.021 0.065 0.088 0.169 1.142 

Dense low-rise residential site -0.144 0.022 -0.065 -0.187 -0.101 1.027 

A_TSLR1 2.100E-05 0.000 0.065 0.000 0.000 3.158 

Log10A1Potential -0.278 0.080 -0.053 -0.434 -0.122 2.425 

Public utility space 0.079 0.016 0.049 0.048 0.111 1.030 

Middle to high-rise residential site 0.068 0.016 0.041 0.036 0.100 1.023 

M_IntRn 0.068 0.032 0.036 0.005 0.131 2.950 

 

 

Figure 6a. Log10Density (Large area).                                                      Figure 6b. Estimated value (Large area). 
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Figure 6c. Error between actual and estimated value (Large area). 

 

Table 6a. Result of multiple regression model (Small area). 

R R2 Adjusted R2 SE of estimated value F -value p-value 

0.838 0.701 0.698 0.38542 233.781 0.000 

 

Table 6b. Coefficients of multiple regression model (Small area). 

 Coefficient 
Standardizing 

Coefficient 
95.0% CI of B Multicollinearity 

 B SE SB Lower limit value Upper limit value VIF 

Const. -3.637 0.217   -4.063 -3.212   

Log10M-2Potential 0.916 0.059 0.441 0.800 1.031 2.134 

SQRTBS 0.004 0.000 0.240 0.003 0.004 2.070 

Log10A_ChoiceRn 0.107 0.023 0.205 0.062 0.152 5.166 

Log10A_ChoiceR1 0.125 0.028 0.178 0.070 0.180 4.252 

Low-rise residential site -0.122 0.040 -0.080 -0.200 -0.045 1.775 

Log10M_ChoiceRn 0.040 0.020 0.062 0.000 0.079 2.635 

Public utility space 0.072 0.029 0.049 0.015 0.129 1.057 

Length 0.001 0.000 0.046 0.000 0.002 1.103 

 

 

Figure 7a. Log10Density (Small area).                                                      Figure 7b. Estimated value (Small area). 
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Figure 7c. Error between actual and estimated value. 

 

3.2. Analysis of walking speed 

3.2.1. Correlation analysis 

The results of the correlation analysis between the indices of walking speed and space syntax are shown 

in Table 7a and b. Yellow variables indicate the primary variable used for multiple regression analysis 

and green ones indicate the second and third ones. ‘*’ and ‘**’ indicate that the correlation coefficient 

in C300 analysis is significantly higher than that in C50 analysis at the 0.05 and 0.01 probability level. 

Although Correlation coefficients between indices of SS and the average of walking speed were not 

high, those between them and the standard deviation of walking speed were high. Regarding the relation 

between indices of SS and pedestrian density on the important segment (Table 7c), a few indices have 

high correlation coefficients and they have week correlation against walking speed.  

The result of the correlation analysis between the indices of walking speed and Potential is shown in 

Table 7d. Variables colored by yellow had the highest correlation coefficients, and variables colored by 

green didn’t have the highest ones but were used for multiple regression analysis. ‘*’ and ‘**’ indicate 

the same things as Table 7a. Correlation coefficients between Potential and the average of walking 

speed were smaller than those between PD and it. It shows that the property each station has stronger 

effects than Potential. Regarding standard deviation, Angular PD also has stronger correlation than the 

others. However, -2nd power of logarithmic Metric Potential has the strongest correlation in Metric 

analysis. It is because, we think, streets around station have large density of pedestrian and walking 

speed is restricted. 

The result of correlation analysis between the indices of pedestrian density and variables of the size of 

streets is shown in Table 7e. Yellow indicates the highest correlation coefficient of the variable of the 

width of roads and blue shows that the variables were used for multiple regression analysis. We found 

the tendency that width of road increased the average and standard deviation of walking speed. Although 

the width of roads doesn’t necessarily correspond to the width of sidewalks, it is also because large 

density of pedestrian restricts walking speed. The result of correlation analysis between the indices of 

pedestrian density and variables of land use is shown in Table 7f. It shows that walking speed isn’t 

influenced by adjacent land use. 
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Table 7a. Correlation coefficient between the average of walking speed and indices of SS. 

Kind Index of SS 

Type of distance 

for shortest path 

Type of distance 

for radii 
Radii Choice 

Log 

Choice 
Int 

Log 

Int 
TSL 

Log 

TSL 

Metric 
Metric 

500 0.03 0.07 -0.03* -0.01* -0.05* -0.03* 

1000 0.18 0.20 -0.06* -0.05* -0.08* -0.07* 

1500 0.24 0.27 -0.06 -0.05 -0.06 -0.04 

2000 0.26 0.30 -0.02 -0.02 0.00 0.01 

2500 0.28 0.32 -0.02 -0.01 0.02 0.03 

3000 0.29 0.32* -0.01* -0.01 0.01 0.01 

3500 0.30* 0.33* 0.01 0.02 0.03 0.04 

4000 0.31* 0.33* 0.01 0.02 0.03 0.03 

global n 0.25* 0.34* 0.02 0.02   

Angular 

Metric 

500 0.07 0.16 0.03* 0.05* -0.05* -0.03* 

1000 0.22* 0.30* 0.11* 0.12* -0.02* -0.02* 

1500 0.27* 0.33* 0.18* 0.18* 0.01 0.02 

2000 0.28* 0.33* 0.22* 0.22* 0.04 0.05 

2500 0.29* 0.34* 0.25* 0.26* 0.01 0.02 

3000 0.29* 0.34* 0.27* 0.27* 0.02 0.03 

3500 0.29* 0.34* 0.27* 0.26* 0.02 0.03 

4000 0.29* 0.34* 0.27* 0.27* 0.01 0.02 

global n 0.24** 0.35** 0.35** 0.35**   

Angular 

1 0.25 0.33* 0.32* 0.34* 0.30* 0.32* 

2 0.26* 0.33* 0.30* 0.30* 0.29* 0.29* 

3 0.27* 0.34* 0.31* 0.30* 0.31* 0.30* 

4 0.27** 0.35* 0.33* 0.33* 0.33* 0.33* 

5 0.27** 0.35* 0.35** 0.34** 0.35** 0.34** 

6 0.27** 0.35* 0.35** 0.35** 0.36** 0.35** 

 

Table 7b. Correlation coefficient between the standard deviation of walking speed and indices of SS. 

kind Index of SS 

Type of distance 

for shortest path 

Type of distance 

for radii 
Radii Choice 

Log 

Choice 
Int 

Log 

Int 
TSL 

Log 

TSL 

Metric 
Metric 

500 0.25 0.26 0.35** 0.33* 0.38** 0.36* 

1000 0.36 0.38 0.45** 0.42* 0.41* 0.38* 

1500 0.38 0.41 0.41 0.39 0.34 0.32 

2000 0.41 0.44 0.39 0.38 0.34 0.33 

2500 0.44 0.46 0.41 0.40 0.38 0.37 

3000 0.46 0.48* 0.43* 0.42 0.39 0.39 

3500 0.48* 0.49* 0.39 0.38 0.30 0.29 

4000 0.49* 0.50* 0.25 0.24 0.11 0.11 

global n 0.41** 0.53** -0.15 -0.15   

Angular Metric 

500 0.34 0.33 0.50** 0.48** 0.39* 0.37* 

1000 0.59** 0.55** 0.60** 0.56** 0.48** 0.46** 

1500 0.66** 0.60** 0.59** 0.56** 0.42 0.40 

2000 0.68** 0.62** 0.57** 0.54** 0.35 0.35 

2500 0.68** 0.63** 0.56** 0.53** 0.32 0.31 

3000 0.69** 0.64** 0.56** 0.54** 0.33 0.32 
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Table 7b (cont.). 

Angular 

Metric 
3500 0.69** 0.65** 0.53** 0.52** 0.31 0.31 

4000 0.68** 0.65** 0.47* 0.47* 0.21 0.22 

global n 0.54** 0.65** 0.57** 0.56**   

Angular 

1 0.31 0.50** 0.47* 0.50** 0.57** 0.57** 

2 0.43* 0.57** 0.60** 0.58** 0.60** 0.57** 

3 0.49** 0.60** 0.59** 0.56** 0.59** 0.55** 

4 0.51** 0.61** 0.57** 0.53** 0.57** 0.52** 

5 0.51** 0.62** 0.56** 0.51** 0.57** 0.51** 

6 0.52** 0.63** 0.56** 0.51** 0.57** 0.52** 

 

Table 7c. Correlation coefficient between pedestrian density and indices of SS (C300). 

kind Index of SS 

Type of distance 

for shortest path 

Type of distance 

for radii 
Radii Choice 

Log 

Choice 
Int 

Log 

Int 
TSL 

Log 

TSL 

Metric 
Metric 

500 0.02 0.05 -0.21 -0.16 -0.23 -0.17 

1000 -0.01 0.04 -0.16 -0.12 -0.12 -0.09 

1500 0.00 0.06 -0.02 0.00 0.11 0.12 

2000 0.01 0.06 0.11 0.12 0.27 0.27 

2500 0.02 0.06 0.09 0.10 0.18 0.18 

3000 0.02 0.06 0.07 0.08 0.14 0.15 

3500 0.03 0.06 0.16 0.17 0.30 0.29 

4000 0.04 0.07 0.34 0.33 0.46 0.45 

global n 0.13 0.12 0.41 0.41    

Angular 

Metric 

500 0.00 0.03 -0.20 -0.15 -0.21 -0.16 

1000 -0.07 -0.04 -0.13 -0.09 -0.11 -0.08 

1500 -0.08 -0.04 0.01 0.03 0.11 0.11 

2000 -0.07 -0.02 0.16 0.16 0.31 0.30 

2500 -0.06 -0.01 0.20 0.20 0.31 0.30 

3000 -0.05 0.00 0.21 0.21 0.26 0.25 

3500 -0.05 0.01 0.21 0.21 0.26 0.26 

4000 -0.03 0.02 0.26 0.26 0.34 0.33 

global n -0.02 0.09 0.15 0.16     

Angular 

1 0.16 0.07 0.11 0.08 0.01 0.00 

2 0.12 0.06 0.02 0.02 0.03 0.03 

3 0.10 0.06 0.07 0.08 0.08 0.09 

4 0.09 0.07 0.11 0.14 0.12 0.14 

5 0.08 0.08 0.13 0.16 0.13 0.16 

6 0.08 0.08 0.14 0.16 0.14 0.16 
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Table 7d. Correlation coefficient between walking speed and PD or Potential. 

Type of distance Metric Angular 

Degree of Step Depth 1 -1 -2 1 -1 -2 

Ave 

PD from Kita-omiya Sta. -0.03 0.06 0.05 -0.22* 0.04 0.03 

PD from Kita-Yono Sta. -0.05 0.06 0.05 -0.28 0.23 0.18 

PD from Tetsudo-Hakubutsukan Sta. -0.01 -0.03 -0.04 -0.29** 0.08 0.03 

PD from Nishi-Omiya Sta. 0.04 -0.03 -0.02 -0.23** 0.22** 0.21** 

PD from Omiya Sta. 0.02 -0.20* -0.23* -0.19 -0.04 -0.04 

PD from Owada Sta. -0.02 0.02 0.03 -0.25* 0.24* 0.24* 

PD from Omiya-koen Sta. -0.03 0.04 0.05 -0.23** 0.21* 0.19* 

PD from Saitama-Shintoshin Sta. -0.06 0.12 0.11 -0.21 0.08 0.02 

Potential 0.00 -0.19* -0.22* -0.23 -0.04 -0.04 

Log10Potential 0.05 -0.09 -0.09 -0.17 0.08 0.08 

SD 

PD from Kita-omiya Sta. 0.28 -0.13 -0.04 -0.05 0.00 0.00 

PD from Kita-Yono Sta. 0.13* -0.09 -0.06 -0.41* 0.36* 0.30 

PD from Tetsudo-Hakubutsukan Sta. 0.05 0.04 0.05 -0.33 0.11 0.05 

PD from Nishi-Omiya Sta. -0.26 0.29* 0.30* -0.50** 0.53** 0.53** 

PD from Omiya Sta. 0.27** -0.33** -0.30** 0.06 -0.01 -0.01 

PD from Owada Sta. 0.26 -0.18 -0.14 -0.23 0.26* 0.27* 

PD from Omiya-koen Sta. 0.25 -0.16 -0.12 -0.20 0.24 0.24 

PD from Saitama-Shintoshin Sta. 0.25* -0.15 -0.10 0.01 -0.09 -0.08 

Potential 0.29** -0.35** -0.31** 0.02 -0.01 -0.01 

Log10Potential 0.31** -0.35** -0.36** 0.04 -0.06 -0.07 

 

Table 7e. Correlation coefficient between walking speed and size of segment. 

  Width_3 Width3_55 Width55_13 Width195_ CenterWidth Length 

Ave -0.162 -0.257* 0.213 0.141 0.269 0.01 

SD -0.221* -0.596** 0.534* 0.182 0.476 0.05 

 

Table 7f. Correlation coefficient between walking speed and indices of land use. 

  
Forest/ 

Wilderness 

Rice  

field 

Field, other 

agricultural 

land 

Industrial 

site 

Commercial/ 

Business site 

Low-rise 

residential 

site 

Dense 

low-rise 

residential 

site 

Middle to 

high-rise 

residential 

site 

Park/ 

green 

space 

Public 

utility 

space 

River/ 

lake 

Ave -0.04 -0.06 -0.26** -0.04 0.09 0.12 0.14* 0.06 -0.01 0.07 0.08 

SD 0.03 0.01 -0.01 0.15 0.09 0.17** 0.04 0.04 -0.16** 0.06 0.08 

 

3.2.2. Multiple regression analysis 

The result of multiple regression analysis for the average of walking speed is shown in Table 8. the 

analysis of the average of walking speed got only 0.257 adjusted R2. However, we can review each 

predictor. -2nd power of Metric Potential had the largest negative effect, and the reason for it was 

mentioned above. The secondary variable is the dummy variable of ‘Field, other agricultural lands’ and 

following variables are the logarithmic Metric Choice with 4000m radius, 1st power of Angular 

Potential, the continuous variable of road width and the dummy variable of ‘Dense low-rise residential 

site’. The reason Choice has a positive effect is that we think, segments which have high value of Choice 

are likely to be used when one move. Negative coefficient of 1st power of Angular Potential shows that 

pedestrian on minor segments which are far from station tend to walk slowly. Visually, Figure 8 showed 
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that segments on the principal roads have high average of walking speed and segments of the near east 

side of the station have low average. Regarding estimated value, we got better results around the station. 

On the other hand, adjusted R2 of analysis of standard deviation was 0.625, and the best predictor is 

Angular Choice with 3500m radius (Table 9). It is because, we think, Angular Choice influence not 

only people movement but also urban form and people on the segments which have high Angular Choice 

have a various objective. Visually, Figure 9 showed that segments on principal roads have large standard 

deviation of walking speed and segments around station have small standard deviation. Regarding 

estimated value, we got relatively better results around the station as well as the analysis of the average. 

Table 8a. Result of multiple regression analysis (Average of walking speed). 

R R2 Adjusted R2  SE of estimated value F -value p-value 

0.517 0.268 0.257 0.121  26.179 0.000 

 

Table 8b. Coefficients of multiple regression analysis (Average of walking speed). 

 Coefficient 
Standardizing 

Coefficient 
95.0% CI of B Multicollinearity 

 B SE SB Lower limit value Upper limit value VIF 

Const. 0.792 0.081   0.632 0.952   

M-2Potential -2.322E-05 0.000 -0.258 0.000 0.000 1.141 

Field, other agricultural land -0.173 0.034 -0.218 -0.241 -0.106 1.097 

Log10M_ChoiceR4000 0.053 0.013 0.201 0.027 0.078 1.424 

A1Potential -9.648E-11 0.000 -0.187 0.000 0.000 1.279 

CenterWidth 0.003 0.001 0.112 0.000 0.006 1.339 

Dense low-rise residential site 0.061 0.025 0.103 0.013 0.109 1.012 

 

 

                    Figure 8a. Ave_Speed.                                                           Figure 8b. Estimated average of walking speed. 

 

Figure 8c. Error between actual and estimated average of walking speed. 
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Table 9a. Result of multiple regression analysis (standard deviation of walking speed). 

R R2 Adjusted R2 SE of estimated value F -value p-value 

0.795 0.632 0.625 0.067  92.007 0.000 

 

Table 9b. Coefficients of multiple regression analysis (standard deviation of walking speed). 

 Coefficient 
Standardizing 

Coefficient 
95.0% CI of B Multicollinearity 

 B SE SB Lower limit value Upper limit value VIF 

Const. -0.643 0.187   -1.010 -0.275   

A_ChoiceR3500 1.940E-08 0.000 0.446 0.000 0.000 2.807 

Width3_55 -0.086 0.009 -0.373 -0.104 -0.067 1.981 

Width_3 -0.105 0.018 -0.190 -0.141 -0.070 1.248 

M_TSLR1000 2.887E-06 0.000 0.188 0.000 0.000 1.177 

Log10A1Potential 0.123 0.021 0.177 0.082 0.165 1.077 

Park/ green space -0.031 0.010 -0.090 -0.051 -0.011 1.033 

M_ChoiceR4000 -6.589E-09 0.000 -0.086 0.000 0.000 2.133 

Length 0.000 0.000 0.086 0.000 0.000 1.041 

 

 

                             Figure 9a. SD_Speed.                                             Figure 9b. Estimated standard deviation of walking speed. 

 

Figure 9c. Error between actual and estimated standard deviation of walking speed. 
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4. CONCLUSIONS 

In this research, we revealed the relationship between the property of walking – pedestrian density and 

walking speed - and the spatial configuration – indices of space syntax, land use and configuration of 

road segment using mobile phone data through correlation analysis and multiple regression analysis. In 

the analysis of pedestrian density, we found that strongest variable is Metric Potential (-2th power) and 

following variables are the square root of the area of the adjacent Commercial/ Business site, the 

logarithmic Angular Choice with large Angular radii. In Large area analysis, the second variable is the 

dummy variable indicating the existence of adjacent Low-rise residential site, and the adjusted R2 is 

0.520. On the other hand, the secondary variable in the small area analysis is the logarithmic Angular 

Choice with small Angular radii, and the adjusted R2 is 0.698 which is higher than one in the Large area 

analysis. In addition, if the variable of Potential or C/ B site has very large value, pedestrian density 

surely has large value. Also, we can say that segments which have small value of Angular Choice with 

large Angular radii are far from Omiya Sta. Morevoer, segments which have large density of the 

pedestrian are near Omiya Sta. or on principal roads. 

In the analysis of walking speed, we analyzed only segments which have a lot of points. In the analysis 

of the average of walking speed, the adjusted R2 is 0.257 and walking speed is restricted near Omiya 

Sta. Segments adjacent field or other fields which have small value of Metric Choice tend to have small 

value of the average of walking speed. In the analysis of standard deviation of walking speed, the 

adjusted R2 is 0.625 which is higher than that of the analysis of the average, and it means the standard 

deviation of walking speed is influenced by spatial configuration more than the average. The results 

show that the strongest variable is Angular Choice and following variables are the width of roads, TSL 

with 1000m radii and the logarithmic Angular Potential (1st power). The value of standard deviation 

tends to be restricted near Omiya Sta. In other words, indices of space syntax increase the average and 

standard deviation of walking speed and segments near Omiya station restrict walking speed. Visually, 

principal roads have large average, and standard deviation of walking speed, segments around the east 

side of Omiya station have small average, and standard deviation and those around the west side of it 

have large average and small standard deviation. 

In conclusion, segments which have a large density of pedestrians is located on the point that is near the 

train station and a large area of Commercial/ Business site and has a large value of the indices of space 

syntax. However, when we only think about segments which have a large density of pedestrian, indices 

of SS have little effect to pedestrian density. Instead, they increase the average and standard deviation 

of walking speed. At the same time, the average and standard deviation were restricted near the railway 

station. 

In this research, we only analyze the area of Omiya. Therefore, we can analyze different cities and verify 

the results. Also, we should do another process of data cleaning because data selected in this research 

cannot be fully accurate. In addition, we expect to make a better model using path analysis because we 

found week correlation between the standard deviation of walking speed, the average of it and 

pedestrian density. We may also make a better model by adding some variables such as the width of 

sidewalks, road segments such as pedestrian bridge, or changing the subject to vehicle movement. 

 

ENDNOTES 

1. This dataset was purchased from Agoop Corp. 

2. This dataset was obtained from the website operated by Saitama City 

(http://www.city.saitama.jp/001/010/018/007/002/p005496.html ). 

3.This dataset was obtained from the website operated by Saitama Prefecture 

(https://www.pref.saitama.lg.jp/a0206/a310/a2017.html ). 
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