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Abstract 
 
Several urban planner researchers emphasized a need to establish a scientific basis for urban 
design analysis methods based on quantitative model. Researchers also argue that such 
methods must also take into consideration the social and spatial aspects that affects the 
perception of the urban morphology. The paper presents the main principles and the 
analysis tools of space syntax and its methodological perspectives within the GIS 
environment, which the outcomes should be of interest for many urban planners. The paper 
argues that applying such model of space syntax theory within the GIS spatial analysis 
environment leads for a better understanding and modeling of real-world phenomena. The 
paper experiments the proposed methodology and its practical evaluations of using the 
potential of the space syntax approach within GIS on Darb Al- Ahmar Kessm in historic Cairo.  
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 الملخص
 

لتطبيق نظريات علمية مقاسة كمياً في مجال التصميم العمرانى معتمدة على نماذج  الاحتياجينادى عدد من الباحثين إلى 
ونظريات الحركة وسلوك المشاة في  والاقتصادية الاجتماعيةوانه لابد الأخذ في الحسبان الخصائص  ،مكانية كمية

يقترح ولجيومورفولجى العمرانى. الفراغات العمرانية وإدماجها بتلك الدراسات والتي تؤثر وتتأثر بالتشكيل الفراغى وا
البحث التركيب الفراغى كأحد نظريات التصميم العمرانى ويعرض من خلال البحث المبادئ الأساسية والرئيسية لنظرية 
التركيب الفراغى. ويقوم البحث بتناول المنهجيات المتبعة في التطبيق ومدى أهمية تطبيقها من خلال بيئة نظم المعلومات 

والتي يضيف إلى النظرية أدوات مكانية وإحصائية ترفع من كفاءة التحليل والمخرجات. كما يتناول البحث الجغرافية 
عرض الأدوات التحليلية وكيفية الاستفادة منها في تحليلات التصميم العمرانى والعلاقات الوظيفية للفراغات والتشكيل 

البحث يؤكد ان تطبيق نموذج و ها للمصممين العمرانيين.العمرانى ويعرض في النهاية المخرجات ومدى الاستفادة من
التركيب الفراغى من خلال بيئة النظام المعلوماتى الجغرافى يؤدى إلى إدراك وفهم النموذج الحقيقى للطبيعة والعلاقات 

المعروضة  والمنهجية الأداةحاول إثبات ذلك عن طريق تطبيق تلك يالبحث ووظائفها المختلفة. الفراغية العمرانية و
بالبحث على منطقة الدرب الأحمر بالقاهرة التاريخية وقد تم استخدام وعرض أدوات التقييم المكانية المختلفة والتي تمتاز 

 القرارات الصحيحة. اتخاذبانها كمية وليست موضوعية والتي تساعد متخذى القرار من المصممين العمرانيين في 
 

 
1. INTRODUCTION 
 
Spatial analysis is one of the characteristics, which differentiate GIS from other 
spatial information processing. In the last decade, much effort has been made in 
developing Spatial Data Analysis (SDA) theories and methods for a better 
understanding and modeling of real-world phenomena [9]. Recent research and 
applications in SDA have developed many sophisticated analytical techniques for 
studying spatial patterns and processes. However, it is largely recognized that GIS 
still needs an integration of new analysis and modeling methods to achieve its 
potential as a general-purpose tool for environmental and urban planning [16]. The 
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current demand for analytical tools in GIS covers a wide range of applications from 
the study of environmental phenomena to the analysis of urban and regional 
systems [14]. Over the past two decades, Space Syntax theory has provided 
important computational support for the development of spatial morphological 
studies, in particular for the analysis of urban systems. It has been widely used for 
pedestrian modeling [9], criminal analysis [13] and traffic pollution control [7]. Space 
Syntax provides a configurationally description of an urban structure, and attempts 
to explain human behaviors and social activities from a spatial configuration point of 
view. Most of the space syntax studies concern urban pattern issues, but the method 
is also relevant for studies on the scale of urban design and architecture.  
 
The researcher believes that space syntax could provide an alternative vision and 
model of space for the representation of urban systems within GIS environment. As 
such, an integration of space syntax into GIS would stimulate researches oriented 
toward the analysis of urban systems at different levels of abstraction. GIS provides a 
rich set of spatial data integration, analysis and visualization capabilities that support 
urban studies on the one hand. Furthermore, the principles that underline space 
syntax theory can extend the modeling capabilities of GIS on the other hand, 
particularly in terms of the diffusion of recent advances and experimentation in the 
analysis of urban systems. Such integration can be of value for GIS users involved in 
the management and planning of urban systems. 
 
 
2. RESEARCH OBJECTIVE 
 
The objective of this paper is to introduce the computational and cognitive 
perspectives of space syntax principles to support an alternative model of space 
within GIS environment.  The paper develops a comparative analysis of space syntax 
modeling concepts with conventional GIS modeling capabilities, given relevant case 
studies on historic Cairo region. In general, the paper identifies relevant application 
areas of space syntax in urban planning science. The remainder of this paper is 
organizing as follows. Sections 3 and 4 introduce the main principles of the space 
syntax approach and the space syntax GIS modeling and objects. Sections5 and 6 
present the spatial analysis tools of urban morphology using the Space Syntax GIS. 
All these sections will be applied on Darb Al Ahmar Kessm on historic Cairo region as 
a case study. Finally, section 7 draws the conclusions. 
 
 
3. SPACE SYNTAX CONCEPT 
 
In the past, many methods of spatial analysis have developed for a better 
understanding and modeling of real-world phenomena. However, there is still a need 
for exploration of new analytical techniques for modeling urban spaces. Space syntax 
models the spatial configurations of urban spaces by using a connectivity graph 
representation. Such a configuration of space identifies patterns that are used to 
study urban structures and human behaviors.  
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Space Syntax is based upon the theory that the form-function relation in buildings 
and cities passes through the structural properties of its configuration [10]. Space 
syntax is a science-based, human-focused approach that investigates relationships 
between spatial layout and a range of social, economic and environmental 
phenomena. These phenomena include patterns of movement, awareness and 
interaction; density, land use and land value; urban growth and societal 
differentiation; safety and crime distribution [13] 
 
The space syntax approach considered as a simulation tool for planners, architects of 
the likely effects of their designs, urban plans on the people who occupied and 
moved around in the buildings or urban settlements. It has since grown around the 
world in a variety of research areas and practical applications including archaeology, 
criminology, information technology, urban and human geography, anthropology 
and cognitive science. In practice, space syntax provides a set of planning and design 
principles as well as a toolkit for the generation and evaluation of ideas.  
 
Space syntax is a kind of spatial language that is able to explain the relationship 
between a spatial form and the human behavior developed by Bill Hillier and his 
colleagues at the Bartlett School at University College London in the 1980s [10]. 
Space syntax theory and its analytical methods have been applied for morphological 
analysis in architectural design and urban form. Previous research indicates that 
space has its own social logic that affects human behavior such as pedestrian 
movement from one place to another [8,9,10]. 
 
Over the past two decades, space syntax theory has provided important 
computational support for the development of spatial morphological studies, in 
particular for the analysis of urban systems. Space syntax provides a 
configurationally description of an urban structure, and attempts to explain human 
behaviors and social activities from a spatial configuration point of view. 
 
3.1. Space Syntax and GIS 
 
Space Syntax is based on a complex technique of describing the configuration that is 
based on topological relationships rather than on metric distances. In many cases, it 
has been used to inquire into social formations [16,10]. Space syntax could provide 
an alternative vision and model of space for the representation of urban systems 
within GIS. As such, an integration of space syntax into GIS would stimulate 
researches oriented toward the analysis of urban systems at different levels of 
abstraction. GIS provides a rich set of spatial data integration, analysis and 
visualization capabilities that support urban studies on the one hand. Furthermore, 
the principles that underline space syntax theory can extend the modeling 
capabilities of GIS on the other hand, particularly in terms of the diffusion of recent 
advances and experimentation in the analysis of urban systems. Such integration can 
be of value for space syntax users involved in the management and planning of 
urban systems. 
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The implementation of an analytical space syntax tool within a GIS provides some 
important advantages from both computational and user points of view. 
Incorporating space syntax in GIS promotes both GIS and urban morphology 
research. It enhances GIS functionality in spatial analysis into the domain of urban 
morphological analysis. On the other hand, GIS provides rich geo-referenced data, 
spatial data analysis and visualization capabilities for urban morphological research. 
 
3.2. Historic Cairo as Study Area 
 
The historic Cairo is located in the Cairo city Centre. The Centre of Cairo groups 
numerous streets and old dwellings and thus maintains, in the heart of the 
traditional urban fabric, forms of human settlement, which go back to the middle 
ages. The historic Centre of Cairo constitutes an impressive material witness to the 
international importance, on the political, strategic, intellectual and commercial 
level, of the city during the medieval period. 
 
Conventional analysis of historical sites depends heavily on researches that focused 
on physical and social aspects of historical sites. The main emphasis of such 
approaches are to analyze the architectural style and characters, social life and 
activities within the urban fabric, and to different extents, to examine other issues 
related to the environmental and physical conditions of buildings. However, these 
analyzes exhibited an apparent lack in perceiving the "spatial configuration–social 
behavior" relationship. There have been various attempts to read the historical sites, 
particularly Fatimid Cairo. The research use a region of historic Cairo shown on 
Figure (1) as the case study to apply the space syntax approach on a GIS 
environment.  
 

Figure (1) Darb Al-Ahmar Kessm Study area in historic Cairo 
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4. SPACE SYNTAX SPATIAL MODELING 
 
The GIS spatial modeling of an urban environment for space syntax approach 
consists of two main objects: physical objects that are the spatial obstacles like 
buildings, and space objects that are defined as the parts of an urban space available 
for people movement, excluding by definition physical obstacles. This spatial data 
modeling constitutes the cognitive fundamental modeling reference of the space 
syntax approach, which differ from the ones generally used in GIS modeling, where 
free space is not represented as such by these models. The space objects are 
represented by two fundamental’s concepts: the axial line, which is the one 
dimension space, which is relatively linear and the convex space concept, which is 
the two dimension non-linear space. 
 
4.1. Axial lines 
 
The axial lines are linear property represents the fact that the physical environment 
is relatively dense so the free space is stretched in one orientation at most points. 
When humans are walking along this type of free space is perceived as a “Vista” 
which can be approximately represented as an axial line. Axial lines are used in space 
syntax to simplify connections between spaces that make up an urban morphology. 
Usually they are defined by partitioning the space into the smallest number of 
largest convex subdivisions and defining these lines as those that link these spaces 
together. These can then form the basis for ranking the relative importance of the 
underlying spatial subdivisions and associating this with measures of urban intensity, 
density, or traffic flow. The axial line has been shown to produce a specific 
representation of the city that is closer to the cognitive representation that people 
use to navigate the city [16,10]. The axial model of the street network is a 
representation of the accessibility and visibility axis that the built environment 
allows through its structure. The axial representation is constructed through the 
drawing of lines that show the longest lines of accessibility and visibility within a 
given built environment. 
 
Figure (2) shows the automatic construction of axial lines in historic Cairo region 
using a GIS/Space syntax package. The axial lines is an essential element for the 
sequential vision analysis and it reflects the possible visual experience of passersby 
and was captured by sequential photo images while approaching or moving on the 
visual corridors.  
 
For the urban analysis purpose, the axial lines are classified with respect to its length 
using a natural break statistics classes. The short axis within a zone characterize the 
visual corridors with an interactive, interesting and surprising visual perception for 
the passers of the visual elements of corridors. On the other hand, long axial line 
corridors are characterized by the dull, uninteresting visual perception for corridor 
passers. The historic Cairo has overcome the dull effects of longest axis by the 
activities along he long visual corridors and can be solved by the intrusion of 
landscape elements within the corridors such as change level by stairs, hardscape 
and landscape elements.   
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Figure (2) Axial lines map of historic Cairo study area 

 
 
Table (1) shows that the Darb Al-Ahmar is characterized by short and medium visual 
axis which formed around 95% of axial lines. The relationship of the street network 
and the surrounding built environment and its characteristics such as land use and 
socio‐economic indicators is an important factor that cannot be overlooked. Using 
this relation, axial lines can be used for location of landmarks and special land uses.  
 

Table (1) Numbers of axial map and classification 

Axial Line Type Count 
Cumulative 
Frequency 

Short axis ( less than 50m) 543 54.03 
Medium axis ( 50m - 200m) 413 41.09 
Long axis  ( 200m and higher) 49 4.88 
  1005 100.00 

 
4.2. Convex spaces 
 
A convex space is the convex polygon of a space where no line drawn between any 
two points in that polygon goes outside the polygon. Therefore, the second 
representation partitions the free space as a finite number of convex spaces that are 
represented by convex polygon in 2D maps. The second representation, so called 
convex representation, should comprise the least set of the fattest spaces that 
covers the completely free space.  
 
Space syntax describes and analyzes the space form. The convex space analysis 
predict human behavior in space and how they perceive its form. People behavior 
showed that a person prefer to pause and linger on in the 'inside corners' of spaces 
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[25]. GIS and space syntax attempts to define the convex spaces and guide the urban 
designer for the different spaces as pedestrians will perceive them as shown on 
Figure (3). 
 

Figure (3) Convex space 

 
 
5. SPACE SYNTAX SPATIAL ANALYSIS 
 
The theory of Space Syntax offers a method and spatial models of quantifying the 
various levels of topological relationships within a layout with respect to visual and 
pedestrian movement and behavior on city spaces. The Space Syntax theory offers 
different order levels of parameters and spatial analysis measures. The paper in next 
sections will discussed and applied those parameters and measure on the historic 
Cairo study area. 
 
5.1. Visibility Graphs Analysis VGA 
 
Visibility graphs analyze the extent to which any point in the spatial system is visible 
from any other. Where points are not directly visible, graph measures of a matrix of 
points can be calculated to test how many intervening points are needed for one 
point to see others. Published research, such as the Tate Gallery [20], findings on the 
extent to which the occupancy of a space by visitors could be explained by a 
combination of their area and mean depth within the visibility graph. The VGA 
analysis is used for visual analysis of building's façade and the corridor exposure 
studies and distribution of activities. Figure (4) shows the VGA analysis on Al 
Maridani mosque on Al Tabanah Street on Ghouriya shiyakha. The VGA support the 
decision of the urban designer to maximize the visual perception of such building. 



8 

The urban designer might use lighting and landscape elements distribution to ensure 
the visual attraction of the mosque.  
 

Figure (4) Visibility Graphical Analysis (VGA) 

 
 
5.2. Integration measure  
 
The concept of integration is depends on the idea of depth and not only the metric 
distance to define a space in relation to all other spaces in the system. The 
integration measure is the value of the function of the mean number of axial lines 
and connections that need to be taken from one space to all other spaces in the 
system. This integration value measures the relative position of any space or axial 
line with respect to the overall system. Thus, from a space with a high integration 
value, fewer changes in direction are necessary in order to move from that space to 
all other spaces in the system. The space segments that require the least amount of 
turns to reach all other streets are called 'most integrate.  Integration can be 
analyzed in local scale with limited turns and is named local integration measure 
while the global integration measure used the whole space system for the analysis. 
 
Integration measure is often argued to 'predict' the pedestrian use of a space. It is 
argued that the easier it is to reach a space, the more popularly it should be used. 
While there is some evidence of this being true, the method is also biased towards 
long, straight axial lines that intersect with lots of other spaces. Integration measure 
depends mainly on three spatial property parameters derived from space syntax 
theory and topological spatial analysis of GIS. These parameters is the fundamental 
of   morphological analysis of integration. 
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a. Connectivity Parameter 
The connectivity is the most apparent parameter for morphological analysis. 
Connectivity is an important Space Syntax parameter. This refers to the number of 
other axial lines or spaces that are directly connected to any one line or space. Since 
this information is directly observable from a space, it is considered a local measure. 
 

𝐶𝑖 = 𝑘 
 
b. Control Parameter 
The second parameter is control value. The control value is by definition a 
parameter, which expresses the degree of choice each node represents for its 
directly linked nodes. The control value ( ctrli ) of a node (i) is determined according 
to the following calculation: 
 

𝐶𝑡𝑟𝑙𝑖 = �
1
𝐶𝑗

𝑘

𝑗=1

 

 
Where k is the number of directly linked nodes of a considered node (i), and Cj is the 
Connectivity of the jth directly linked node. 
 
c. Depth Parameter 
Another space syntax parameter is the depth. Depth is defined as the number of 
steps from a considered node to all other nodes. A node is said to be deep if it is 
many steps far from other nodes; in contrast, a node is said to be shallow if it is only 
a few steps far from other nodes. Depth is not an independent parameter of the 
space syntax. However, it is an important variable for calculating the integration of a 
node. Let dij is the length of the shortest path joining between the two points i and j, 
then the total depth of node i is the sum of distance and accordingly mean depth is 
defined by MD 
 

𝑀𝐷𝑖 =
� 𝑑𝑖𝑗

𝑛

𝑗=1

𝑛 − 1
 

 
Where n is the number of nodes of a whole study area. 
 
These parameters can be used to describe both local and global properties of a 
spatial Configuration in the sense of integration or segregation. This concept is 
measured the depth parameter for global integration. Similarly, connectivity and 
local integration measure the degree of integration or segregation at the local level. 
The integration analysis, local integration and global integration, has applied on 
historic Cairo as shown on Figure (5). The integration of a node is by definition a 
value which indicates the degree to which a node is more integrated or segregated 
from a system as a whole (global integration), or from a partial system consisting of 
nodes within a few depth away (local integration). 
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Figure (5) Local Integration Measure ( LIM) 

 
 
The local integration measure analyze how is each space is integrated within the 
local system of the space. The local integration measure shows the cognitive 
complexity of reaching a street by living pedestrians, and is often argued to 'predict' 
the pedestrian use of a street. It is argued that the easier it is to reach a street, the 
more popularly it should be used [20]. While there is some evidence of this being 
true, the method is also biased towards long, straight streets that intersect with lots 
of other streets [12]. As shown, we can conclude that the Shyakha Megharbelin is 
characterized with low local integrated corridors and there is disintegration between 
the corridors of this shykha.  
 
Figure (6) shows the global integration measure GIM of the study area. The GIM 
shows that the corridors along AL-Moaz Street have their visual and mentally 
perceived by the visitors of the study area. The GIM index also is low for shyakha El 
Ghouriya,Haret El Room and Al-Batneya which lead for security risk on such shyakha.  
 
5.3. Intelligibility measure 
 
Basically there is a correlation between local and global parameters. Such correlation 
is termed as intelligibility, which is used to describe the part-whole relationship 
within the spatial configuration. It is defined by the co-efficiency of correlation 
between local and global parameters. A local area is said to be intelligible if its co-
efficiency value is higher than the one of global area. Intelligibility analysis using the 
correlation between connectivity and the global integration (Rn) to give a clue of 
how the urban system is clear to its users. Applying the intelligibility for two zones 
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on the study area to compare between the perception of both zones and how the 
visitors mentally and visually perceive them. 
 

Figure (6) Global Integration Measure (GIM) 

 
 
Figure (7) shows a comparative study for intelligibility of two zones on the study area 
Zone1: Darb Saada and Taht Al- Rabaa and Zone2: Quarbiya and Dawwoudiya.  
 
The intelligibility of zone 1 is higher than zone 2 which means that the passers can 
find their way easier in zone 1 and they can perceive their location easier. In an 
intelligible zone, such as zone 1, the correlation between local and global properties 
of space is perfect, so the whole can be read from the part. Conversely, if the 
correlation is poor, zone 2, the product will be unintelligible environment, so the 
people may lose their way [21]. (Figure 8) 
 

Figure (7) Intelligibility comparative zones 

 
 



12 

Figure (8) Scatter diagrams for intelligibility measure 

 

 

 

 

 

 

 

 

Zone 1                                                                           Zone 2 
 
5.4. Synergy measure 
 
Synergy measure is a correlation between global integration and local integration. It 
is used to indicate the relationship between local parts and global parts [23]. Synergy 
indicates the relationship between the local economy of a zone and the whole study 
area economy. The synergy answer the question do the corridors which connect the 
whole spaces through the zone as those which form the heart of the study area?. 
From the scatter diagram of figure (9) we can conclude that zone 1 and Zone 2 have 
same visual pattern characteristics and almost the same as the study area as whole. 
 

Figure (9) Scatter diagrams for synergy measure 

 
 
 
 
 
 
 
 
 
 

 Zone 1                                                                 Zone 2 
 
 
6. Movement Core Analysis (MCA)  
 
The Space Syntax methodology investigates relationships between spatial layout and 
a range of social, economic and environmental phenomena. These phenomena 
include patterns of movement, awareness and interaction; land use density, land use 
mix and land value, safety and crime distribution [16]. 
 

  
  

Connectivity Connectivity 

Local 
Integration Local Integration 
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A study of local movement core LMC and global movement core GMC that identify 
the relation between urban morphology parameters for pedestrian movements and 
land use analysis. The movement core attempts to correlate the control parameter 
representing the spatial parameter for the urban morphology and the integration 
measure as a pedestrian behavior indicator.  
 
Figure (10) shows the multiple variables where integration and control parameter 
will take H: high value and L: low value consequently.   
 
The Global movement core relates the global integration with the control parameter 
to evaluate the relocation for activities and residential land use. The corridors with 
H-H values are corridors for visitors land use such as Al Moaz street.  
 
In the other hand, the local movement core studied the local pedestrian behavior. 
The analysis will lead to evaluation of the locations of local services and commercial 
land uses as schools, public buildings for inhabitants on corridors with H-H values, 
while residential areas must be located on L-L and L-H values - Figure (11). 
 
 
7.  CONCLUSIONS  
 
A successful development of GIS still implies the integration of new analysis and 
modeling methods for environmental and urban planning. Over the past years, space 
syntax has provided an important experimental contribution to the analysis of urban 
morphology. However, the diffusion of space syntax principles requires the diffusion 
of its modeling principles and capabilities within the GIS community, which is 
nowadays largely involved in urban studies. 
 
The research described in this paper introduces the principles and modeling 
concepts of space syntax and some of its main spatial measure and parameters that 
support computational modeling and analysis of a spatial configuration for urban 
planning and design. The implementation of space syntax parameters and measure 
are within a GIS platform, namely, the Axwoman and Depthmapx UCL prototype.  
 
The research illustrates different quantified, analytical functions for urban 
morphological analysis in the context of historic Cairo case studies. 
 
The space syntax approach within GIS environment provides an efficient 
experimental approach to the understanding of spatial configuration and a new 
quantification tools for urban design. 
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Figure (10) Global Movement Core (GMC) 

 
 

Figure (11) Local Movement Core (LMC) 
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