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ABSTRACT 

UCL Depthmap implies the theory of space 
syntax in analyzing street network connectivity that 
capable to determine the spatial integration of 
human with space. However, there is still a need an 
exploration in using the software analytically to 
reveal spatial behavior in street network. The aim of 
this paper is to establish visibility in street 
connectivity analysis using UCL Depthmap version 
10 in street network environment for pedestrian. 
Street network of Bandar Baru Uda, Johor was 
digitized from Google Map into drawing format to 
import to UCL Depthmap. The finding suggests that 
visibility graph analysis is appropriate method to 
evaluate the spatial quality in pedestrian route 
choice. It implies that UCL Depthmap is an 
appropriate choice for the researcher or 
environmental consultants to analyze visibility in 
street connectivity. 
 
1. INTRODUCTION 

Street network is connected streets which 
helping people to move in an urban environment by 
walking, biking or driving. Street connectivity has 
been suggested as a consideration in having a good 
image of a city (Lynch, 1984). Connectivity is a 
factor for street network patterns design in 
determines how pedestrian adapt the street 
environments; exposed level of accessibility that 
make the space useable (Beavon et al., 1994), 
determine the walkability which decreases obesity of 
neighborhoods (Leslie et al., 2007, Cutts et al., 
2009, Gallimore et al., 2011), and reveals the 
historic values of city (Ramele et al., 2010, 
Shamsuddin, 2011, Anwar et al., 2012). Thus, 
exploration of street connectivity contributes to 
expand the new knowledge in various studies 
related with street environment. 

 

Street connectivity means the level of connection 
in streets reflected to the human activities (Peponis 
et al., 1998, Batty, 2004, Porta et al., 2006, Jiang, 
2007, Peponis et al., 2008, Marshall and Garrick, 
2010). In street connectivity, visibility is one of the 
factors that reveal the connection between 
pedestrian and street environment.  
 

Visual connection defines as contact from the 
sense of sight to the physical environments 
(Peponis et al., 1998, Batty, 2004, Padgitt and 
Hund, 2012). In relation to visual connection, 
Marshall and Garrick (2010) use visual 
representation captured from street environment 
that can facilitate human use the space. Lwin and 
Murayama (2011) view visualization as a parameter 
to determine the most eco-friendly environment for a 
pedestrian in their route choice to a destination. In 
environmental psychology study, Padgitt and Hund 
(2012) use spatial visualization to get the quality of 
direction of human navigation. Visual connection, 
spatial visualization, visual representation, and 
visibility are seen to explain connectivity between 
human and space. Therefore, they used to become 
parameters in measuring street connectivity. 

 

  
a) Connection between 
pedestrian with features 

through visual 

b) Plan view of how 
pedestrian visualize the space 

during travel 

Fig. 1: Process of how connectivity generated 
through visual 

 



When a pedestrian visualizes a feature to 
perform an activity in a street environment, there is 
a connection between the pedestrian and the street 
feature. Human sight determines how people 
visualize space, and it determines the visibility of 
pedestrian (Figure 1). The integration between 
visibility and space generates spatial quality based 
on connectivity of viewed space (Lwin and 
Murayama, 2011). Conceptual explanation of how 
spatial quality generated is illustrated as Figure 2 
where the green show the connectivity because of 
pedestrian visibility while the white indicate no 
connectivity because pedestrian cannot view the 
space. 
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  Fig. 2: Quality of spatial connection for visibility; 
Connectivity 

 
Visibility involves human ability and behavior in 

space. Founders of space syntax, Hillier and 
Hanson (1984) revealed the concept of Isovist 
polygon that derived from Gibson’s direct perception 
theory (Gibson, 1979) which determines people 
movement in space. Figure 3 introduces the 
example of the isovist polygon formed in street 
network by a pedestrian from a location (black 
point). Then connectivity is measured from the 
integration on how many isovist polygons are 
overlaps which each other. 

 

 
Fig. 3: Form of isovist in street network 

 
Space syntax seems to be a solution for 

measuring visibility in street network connectivity. 
However, there is still a need to explore the software 
to reveal spatial behavior in street network. The aim 
of this paper is to review visibility in street 
connectivity analysis using UCL Depthmap version 
10 in street network environment for human. 
 
2. METHODOLOGY 

Street network pattern of Bandar Baru Uda, 
Johor was captured from Google Map. The image of 
the street network pattern was digitized into drawing 

format (DXF) using AutoCAD 2012 as shown in 
Figure 4. The data was imported into Depthmap 
version 10 for data analysis. 
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Fig. 4:   Process for producing data of street 
network pattern 

 
2.1 Data Analysis for Visibility Graph Analysis 
using Depthmap 

Depthmap version 10 is analysis software which 
associated with two stands of thought; isovist 
analysis (Benedikt, 1979)  and space syntax (Hillier 
and Hanson, 1984). In Depthmap, visibility is used 
to be one of independent variables measured. The 
analysis of three dependent variables using 
Depthmap derived from the connectivity graph (an 
example is in Figure 5). First variable is connectivity 
(Ci) which defines by Jiang et al. (2000) as a direct 
connection of nodes (k) to each individual node in 
connectivity graph.  
 

Ci=k                                                           (1) 
 
The second dependent variable is step depth 
defines as the number of steps from a node to other 
nodes. Then if i to j is the shortest distance (dij) in a 
connectivity graph, total depth is a sum of step from 
i to j, 
 

 n 

∑dij                                                             (2) 
j=1 

 

and mean depth of a whole graph. 
 

           n 

          ∑dij 
MDi=  j=1                                                      (3) 
         n – 1 

The third variable is integration, and the focus is 
HH-integration means the integration derived by 
Hillier and Hanson (1984). Integration defines as a 
degree value which a node is integrated or 
segregated from a system as a whole (global), or a 
partial (local). The values from integration shows 
number of turns to be made to move in the street 
and represent how easy from a space in the streets 
can be reached. 
 
Table 1.0 Summary of variables measured in UCL 

Depthmap 

Independent Variable Dependent Variables 

Visibility  Connectivity 
Step Depth 
Integration-HH 



3. RESULT 
The analysis started with making visibility graph 

and also known as connectivity graph. The result of 
visibility graph for the street network of Bandar Baru 
Uda is as shown in Figure 5. The lowest connectivity 
is 120 while the highest connectivity is 7,391. Even 
though the value for connectivity is high, but the 
spatial area is few rather than the spatial area with 
low connectivity is almost eighty percent of the area. 
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120 

  Fig. 5: Visibility Graph Map of street network 
pattern 

 
From the visibility graph, the connectivity value of 

a point can be suggested. Therefore, two locations 
were determined that the red point in Figure 6 for a 
location of highest connectivity while red point in 
Figure 7 for the location of lowest connectivity. 
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  Fig 6.0   Step depth from a location (highest 
connectivity at red point) 

 
By using two locations suggested which are the 

location for highest and lowest connectivity, step 
depth from a location is determined. The result of 
Figure 6 showed that the highest step require is 
eight. The different value of step shown in Figure 7 
is thirteen steps, which is higher than the location of 
highest connectivity. 
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  Fig. 7: Step depth from a location (lowest 
connectivity at red point) 
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  Fig. 8: Visibility Graph Analysis for the street 
network 

 
Then, the analysis for the visibility graph is 

measured. The result for integration in Figure 8 is 
shown that the highest value is six while the lowest 
is one. This indicates that majority (40%) of the area 
has value with 3 and 4. The findings are discussed 
further in Section 4. 
 
4. FINDINGS AND DISCUSSION 

From the visibility graph in Figure 5, the highest 
connectivity is 7,391. This means that the point is 
viewed from 7,391 locations in the street network. 
Thus, the red area is most viewed area which 
connected from various locations and this reflects 
pedestrian movement in identifying the streets. The 
graph also shows privacy of the streets. The low 
connectivity area means the less viewed area. Thus, 
the level of privacy area in streets can be 
determined. Therefore, the finding suggests that the 
spatial quality in visibility can be determined from 
the visibility graph. 

 
Step depth in street network determines the 

convenience for a pedestrian to travel. For example 
if someone like to travel to a destination with a step 
is easier than a destination with more steps. This is 
because the more steps he/she needs to adapt 
more environments. So, the fewer steps mean 
easier to travel in street network. Thus, according to 
result in Figures 6 and 7, traveling from a location 
with high connectivity in street network is easier 
because of the fewer steps than the lower 
connectivity. Therefore, the finding suggests that 
spatial quality from step depth analysis able to 
determine the convenience for a pedestrian in 
traveling street network environments. 

 
Visibility graph analysis is a major analysis for 

visibility in street connectivity analysis using UCL 
Depthmap. The result from Figure 8 means the 
street network systems offers moderate alternative 
by three to four path choices for a pedestrian in their 
travel. Path choices influence pedestrian travel 
process where a lot of choices increase the 
possibility to get loss (Guo and Ferreira Jr, 2008). 
Thus, the street network suggested as a 
convenience for pedestrian travel because offer 
alternative to pedestrians with moderate possibility 
in losing their way. Therefore, the finding suggests 
that visibility graph analysis is an analysis to 



evaluate the spatial quality in pedestrian route 
choice. 
 
5. CONCLUSION 

Nowadays, space syntax seems to be a tool in 
analyzing street network especially in defining 
connectivity in the system. Therefore, UCL 
Depthmap is an appropriate choice for the 
researcher or environmental consultants to analyze 
visibility in street connectivity. However, there is still 
a big challenge in revealing street connectivity 
because connectivity involved with various variables 
such as link, accessibility, least-angle and centrality. 
Although analysis for visibility in street connectivity 
has been used in UCL Depthmap, the integration of 
other factors such as wayfinding, or walkability 
factor is still lacking in the method of analysis. 
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