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Abstract: One of the most significant challenges that is facing urban-planning, is the development of a
transportation network, particularly in historical Syrian cities, which are characterized by their compact urban
form. Historical Syrian cities, including historical city of Aleppo, present difficulties due to the essential balance
required between saving cultural heritage and meeting the needs of a present-day population. This study
basically addresses the city's key elements and planning issues, including traffic density, pedestrian safety, and
the massive spreading of motorized vehicles. The objective of this study is to analyze the street structure,
understanding its components and problems in order to develop a methodology that can be used to enhance
urban mobility and to improve the structure of the historical city for this purpose, two main methods were
employed, method of analyzing geographical data based on Geographic Information Systems (GIS) and K-
Means cluster analysis method. These two methods were employed to gain detailed and clear vision into
mobility patterns of historical Aleppo. Which involved careful processing of data, such as street names,
locations, components, quantities, and widths, based on the author’s observations and notes and a variety of
local and international sources. This analysis process will not only reveal the current hierarchy of streets but
also demonstrates the dynamical and complicated formation of transportation structures of the historical city.
The findings of the study describe the challenges faced by historic city centers and highlight the
interrelationship between the following: urban structure, objects of cultural heritage, tourism plans, and
mobility patterns. The application of spatial analysis method serves as a technique that reveals the formulation
of possible scenarios that helps to develop the transportation structure in the historical city of Aleppo. These
generated scenarios will be used as typical solutions that can be generalized to all similar historic Syrian cities.

Keywords: mobility; historical city centers; K-means cluster; elbow method; spatial analysis; Aleppo
city; Syria; traffic flow; urban sustainability; WCSS; syntax analysis; pedestrians; GIS

1. Introduction

Historically significant cities face contradictions between preserving urban identity and
adapting to the demands of sustainability in modern societies. The complexity of social, economic,
and administrative issues makes the required and delicate balance very important, especially in
territories of Syrian cities where historic preservation and urban development are being planned
[1,3,22,47].

When improving the masterplans of cities, developing historical cities transportation structure
is needed, however the usual challenge here is the incompatibility of existing street cross-sections
with the types of mobility found in historic centers. These contradictions lead to many issues such as
traffic congestion, inefficiency, and weakening of the urban fabric. In a related context, there are
ongoing international initiatives to enhance transportation infrastructure in urban territories, with a
particular focus on historic centers [4,7]. Any development in urban transportation has the potential
to improve the life quality of residents by enhancing safety, comfort, and also to develop the economy
by supporting tourism [1,8].

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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Recent international trends in urban planning consider pedestrian mobility a priority, and this
can be understood in enabling pedestrians to reclaim public street spaces. This is done using multiple
techniques, the most important of which is determining the density of transportation traffic in
historical areas, in addition to ensuring safe and comfortable access to cultural heritage sites [9,12].

Previous studies in the field of urban mobility focused on the importance of pedestrian
movement and set standards and guidelines for it, and also shed light on controlling the flow of
vehicular traffic and public transportation systems. A variety of scientific methods have been used in
these studies, including survey, comparative, inductive and data analysis, to gain insight into the
factors that influence mobility behaviors. [1,4,13,17]. Geographic Information Systems (GIS) are
considered as a valuable tool for spatial analysis, with which mobility patterns within urban areas
can be visualized, processed and analyzed [18].

In the context of historic city centers, many researchers have identified a number of unique
challenges caused by narrow street configurations, mixed land uses, and environmental and heritage
preservation concerns. In addition, studies have examined the impact of urban form, cultural
heritage, and tourism on mobility patterns, focusing on the complex interrelationships between
infrastructure and human behavior [1,19].

Increasingly, researchers have used spatial analysis techniques, such as spatial clustering and
transportation network analysis, to trace spatial patterns and relationships within historic city
centers. It is worth noting that these methods allow identifying attractions and points of interest,
assessing accessibility, and visualizing urban planning development scenarios [20-24].

The city's compact historic structure and the evolution of the distribution of buildings in close
proximity to each other for environmental and social reasons has created a unique street structure
with a broken, winding, closed-ended form, which is an important feature of the urban identity of
this area, its culture and the social values that underpin it [25]. Additionally, in the Table 1. the main
challenges the faces the historical Syrian cities are described:

Table 1. Analyzing urban problems in Syrian cities.

Photo Description

1. Automobile Traffic:

- High volume of automobiles: in plans of the city, the design of

historic centers was usually oriented towards accommodating

' = & | traffic volumes, ignoring the pedestrian spaces.
el @ m - Safety issues: drivers and pedestrians are under risk because of
— traffic congestion, the design of poorly planned intersections and
gl - oneIEARCIOR e i R the absence of crossing paths.

2. Pedestrian traffic:

L

-Safety: The historic downtown lacks dedicated pedestrian

|
|

= =] spaces such as sidewalks and crosswalks.

-Comfort: The historic downtown lacks places for rest and

recreation, lacking important elements such as seating, public

transit stops, or small architectural elements.

-Lack of infrastructure: The absence of engineering or
- i transportation infrastructure significantly hinders pedestrian
movement.
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3. Problem of access to heritage sites:

-The limited access to objects in historic centers is a major

challenge for individuals with limited mobility, as well as

y tourists, which can restrict the ability to participate in cultural

activities and access public spaces.

- The challenge of achieving a balance between accessibility and
maintaining historic significance requires an alternative
approach for preserving cultural heritage.

- 4.Uniqueness of the historical center:
- Historic city centers are rich cultural heritage sites that require

careful maintenance and management to prevent loss of identity

£ - |
) ' @@ ?% % Jﬁ due to destruction.
; M| §

@ [ B | @ - Unorganized growth of tourism can cause infrastructure failure,
e Lo [ displacement of local residents, and loss of the cultural identity
of the city center.

This study also aims to improve pedestrian accessibility in historic city centers, also highlighting
the need for a methodical approach that includes several phases, as described below and shown in
Figure 1:

This phase involves analyzing the types of street cross-
sections in the historic downtown, which includes

providing a full understanding of street widths and
other factors that affect the accessibility of pedestrian

@

Figure 1. Conditions of accessibility of the historical city center.

In addition to defining the basic requirements and principles that should guide the pedestrian
space system in the historic city center, which include (connectivity, throughput capacity, functional
richness, comfort and security). The main task of this research is to analyze the street structure,
understanding its problems to develop a methodology that can be used to develop urban mobility in
historical Syrian city centers without losing urban identity. The research employs cluster and spatial
analysis to identify movement patterns and propose interventions that respect the delicate balance
between preserving cultural heritage, and facilitating modern-day urban life.

2. Materials and Methods

2.1. Study Area
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The city of Aleppo is located in northern Syria, it lies within about (50 km) south of the Syrian-
Turkish border. between the Taurus mountains in the north and Homs desert in the south as shown
the Figure 2. The city is located between the plains of the Euphrates valley in the east and the plains
of Ghor al-Haddam in the west [26-29]. It occupies an area of 190 km2. The main characteristics of the
city are listed in Table 2

Table 2. Characteristics of the Aleppo city.

Area Population, Population Length of road
km? person density, network
person/ KM KM
190 2,098,000 11,000 13993

Aleppo is one of the oldest inhabited cities in the world. It has been the center of many cultural
influences, including those of the Assyrians, Persians, Greeks, Romans, Arabs, Mongols, Ottomans,
and French. These different variations of influences have left their effects on the city, forming a
unique urban fabric and a rich cultural heritage. Examples of complex Syrian heritage include Aleppo
citadel, the Great Mosque, and various religious and educational schools, residences, khans, markets,
and public baths [26-29].

These various cultures also had a significant impact on the transformation of planning structure
of the city, which can be clarified as following:

Stages of Aleppo's growth:

Historically, the city of Aleppo grew in concentric rings, as the urban fabric developed around
the citadel area in several stages.

The first stage: The basic core of the city, known as the Old City, which has a dense urban and
residential fabric and includes residential neighborhoods and a group of traditional covered markets,
which together constitute the most important and oldest commercial center of the city. [30-33]

The second phase: From the eighteenth century until independence in 1946, the city expanded
beyond the old walls, and a planning system with a new structure emerged in addition to the new
commercial center of the city.

The third phase: After the end of World War I, the city experienced a period of significant
economic and population growth, necessitating the formation of the third and main ring from 1900
to 1994.

The fourth phase: began in the early 1980s, when the city began to expand north, west, and south
in the form of post-modern residential districts projects.

However, the first one of these projects was in 1988, followed by several plans, which was
developed in cooperation with international planners (Yang, Dang, and Corton)[33], also the center
of Aleppo was the main subject of these planning projects, which included preservation,
modernization, demolition, reconstruction, and restoration of the city as shown in Figure 3 that
presents Aleppo's historical center plan
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Figure 2. The Location of Aleppo governorate in Syria and the borders of the historical city of
Aleppo.

Figure 3. Aleppo's Historic Center Scheme.

The structure of the urban plan for the historical city of Aleppo includes a group of sections and
components that define the structure and landmarks of the historic city [34,35]. This rich structure
can be understood and classified based on five functions:

1. Fortresses and defense towers: The old city of Aleppo is known for a group of historical
elements that include (high walls, historical gates, defensive towers, in addition to the Aleppo
Citadel, which is included on the World Heritage List).

2. Covered and traditional markets: Aleppo’s historical markets are important commercial
centers and tourist attractions for the urban fabric of the city because of their unique urban design,
including the grand Bazaar, which is considered the main market.

3. Religious and ethnic heritage objects: Aleppo enjoys its heritage and cultural diversity; the
juxtaposition of various religious buildings represents an important feature of the unique urban
identity of historical Syrian cities.

4. Residential neighborhoods: The city’s residential neighborhoods with their distinctive
architectural facades that give the city its special character, in addition to its narrow streets and alleys
that form the historical fabric of the city.

5. Public squares and meeting places: Public squares and open areas are the main places for
recreation, social and cultural activities, the most important of which are Saadallah Al-Jabri Square
and Shuhada’ Square, which in turn are where various cultural activities, celebrations and
recreational activities take place.

All of the previous components and features form the material and non-material heritage of the

Aleppo city.

2.2. Methodological Approach

The study employs a comprehensive and multifaceted analysis to gain better vision and to
analyze mobility in the historical centers of Syrian cities.

This analysis relies on a wide range of data sources, including Geographic Information System
(GIS) data that provide detailed information about the spatial and physical characteristics of the
transportation network, such as road classification and street dimensions. It also draws on local
records of mobility, such as Syrian Central Bureau of Statistics and author’s notes and records [36—
39].
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The diverse sources enable the study to better understand mobility patterns in Syrian cities,
including identifying areas that suffer from traffic congestion, and identifying fac-tors that affect
pedestrian and vehicular movement. Furthermore, this study will contribute in the development of
effective possible strategies to improve mobility and promote sustainable urban development in
historic cities.

This developed method synthesizes cluster and spatial analysis to gain a deeper understanding
of mobility patterns within the historic centers of Syrian cities. By understanding and applying this
method street segment scenarios can be developed that aim to improve traffic flow, reduce
congestion, and make historic areas safer and more comfortable for residents.

Additionally, cluster analysis is based on dividing streets into clusters based on several criteria,
such as the detailed width and dimensions of each street. This allows more accurate demonstrations
of the street design and dimensional-based solutions [40-42].

Also, spatial analysis is based on the analysis of spatial data and the distribution of activities
within historic centers. This analysis can reveal areas, these areas that are more congested as a result
of the concentration of attractions and services, which can help identify where it is important to focus
while improving traffic flow and minimize heavy pressure on the streets.

Using this method as shown in the Figure 4, the current research can form policies and measures
aimed at enhancing mobility and improving the experience of residents and visitors in historic Syrian
cities, thereby contributing to the preservation of the identity and cultural heritage of such valuable

territories.
ENHANCEING MOBILITY AND URBAN DEVELOPMENT IN THE HISTORICAL CENTERS
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Figure 4. Structure of scientific method.

2.2.1. Spatial Analysis

This step focuses on a comprehensive examination of the urban movement patterns within
Syrian cities, in our case with a particular focus on Aleppo. The analysis employs a Geographic
Information System (GIS) to analyze the street network, which allows for a detailed classification of
the street network, thus providing insight into the urban structure of the historical city center.

As shown in Figure 1, the streets of Aleppo's historical center can be classified into the following:

Primary streets: These are the principal streets that connect Aleppo to its historic core and have
been designed to accommodate vehicular traffic.

Secondary streets: are defined as those that connect the primary arteries to the inner core of the
city, these streets are narrower in width.

The area surrounding the castle (living streets): The streets surrounding the castle are
characterized as residential, with a width of approximately 10 meters.
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Pedestrian routes (historical street): These routes are found in areas of main markets and near
religious objects of heritage.

Alleys: are narrow passages that wind through the city, often leading to dead ends. They are
typically found in areas with a high concentration of residential buildings. These narrow passages,
increases the feeling of privacy, while giving the pedestrian a higher understanding of place soul.

By determining these distinct street types, a better understanding of historical city’s transport
structure is attained, providing better vision into the city's historical evolution and spatial
organization, Figure 5 shows classification of previously mentioned streets.

LEGEND

District boundary

Primary streets

- Secondary streets

Residential streets
and alleys

historical streets

- Residential streets
surrounding the castle

Walking path

Figure 5. Classification of historical Aleppo city streets.

In order to understand the analysis and its objectives and in order to reach results that are
compatible with the current challenges, it is necessary to identify the different types of mobility used
in the historical city of Aleppo, and to describe their operational characteristics.

For example, we have found that private cars are used primarily for individual mobility, where
they dominate, and it also interacts with public mobility, as can be noted that the private cars and
public transportation shares the same paths on the streets, which can lead to mobility problems, and
despite the convenience and environmental protection provided by shared public mobility such as
buses, as a service, they are considered weak and few in number in the city historical city of Aleppo,
which also notable in other historical Syrian cities.

When considering the population number, it is important to note the importance of taxis as
public mobility in the city, and on a more detailed level, individual movements and pedestrian paths
are also considered essential components of the transportation network, especially in the historical
center, that's why the research is presented, for the purpose of developing and enhancing the
pedestrian mobility network.

In order to get a better and deeper understanding, it is necessary to explore and describe the
mutual relation between the various types of mobility and related aspects. This includes examining
the operational capabilities, speeds, and spread of various means of transportation.

By examining the transportation network in the historical center, using open data sources
provided by the Syrian central bureau of statistics, it was found that there are five main types of
mobility (personal mobility, public mobility, service vehicles, personal mobility aids, and
pedestrians).

Figure 6 below shows that each of the five types of transportation mentioned above has been
classified into three types of registration within the country (public, private and governmental), in
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addition to specifying the number of registered means of transportation and the speeds allowed for
each type.

Which enabled us to identify changes in the number of registered vehicles and permitted speeds
within the country, and in the light of this, we can work on recommendations to enhance safety
through different proposals that help determine the speeds and number of cars allowed for each
territory in the city according to the types of events it contains.
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Figure 6. Identifying and determining urban mobility patterns of historical city center of Aleppo.
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2.2.2. Cluster and Spatial Analysis

Cluster analysis is one of the most powerful statistical techniques performed for the purpose of
grouping a set of objects into a class of similar objects. In this case, objects in the same cluster would
share a lot more similarities with each other than objects from any other cluster.

More specifically; the algorithm creates clusters, that can be formed based on a data set according
to the similarities between data points, without the use of any background information on group
membership [43].

The purpose of cluster analysis is mainly to group data in a way that reveals basic patterns or
structures for convenient exploration and recognition of patterns from the data. Therefore, the
process of clustering, helps to provide insight into the basic structure of the dataset, something that
would be useful in a whole host of activities, from data segmentation to classification [44].

In this research, cluster analysis involves the K-means method, one of the clustering methods. It
partitions the data set into K-dimension groups based on similarities in items.

This is an algorithm, which in the first place first starts with the random initialization of basic
centroids for K clusters; after taking this step, each data point will then follow the nearest centroid.

The iterative re-calculation of centroids, which is based on the average data points assigned to
the groups, proceeds to the next step; at each turn, the data points are reset to their nearest centroid.

This process goes on iteratively till the centroids trying to change in a basic way and reach a
stable final solution [45].

In general, and in simple words. K-means clustering is the process of minimizing the sum of
squared even distances between given data points and their cluster centroids with the goal to get a
well-separated and designed, clusters.

The general process of cluster analysis with k-means can be described as the following:

1. Data Selection and Normalization:

While working with the dataset, it is important to keep in mind that usually, the variables of a
matrix are measured in different units and often have very different scales. Therefore, it is very
necessary to give each variable an equal chance to influence the clustering result. The purpose behind
this process is that the scale of these variables should be changed, to make each of their contribution
equal.

Min-Max Scaling: It is a normalization technique that transforms all variables into a common
scale, which will lead to maintain all the differences in the ranges of these values. This will be quite
useful in some particular cases when there is a need to keep the relative relationships existing
between the original main values.

The process involves rescaling the range of the values, so that all the ranges would lie in the
interval [0, 1], and the formula for Min-Max scaling is as follows in formula (1):

_ X=Xmin
Xnorm - > (1)
Xmax—Xmin

Where:
Xis the initial value;
X min - minimum value of the parameter;
X max - maximum value of the parameter.

2. The determination of the number of clusters:

The optimal number of clusters is determined by the following standards: Selecting the optimal number
of clusters is a primary stage in cluster analysis, because it mainly affects the results that can be
reached from the data, so the elbow method is a commonly used to ensure the optimal number of
clusters in the k-means cluster method

The Elbow Method

The Elbow Method requires performing the k-means clustering algorithm on the dataset for a
range of cluster numbers (usually from 1 to 10) and calculating the weighted sum of squares within
the cluster (WCSS) for each, also the sum of squares within a cluster is a measure of the total variation
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within the clusters, and as the number of groups increases, the WCSS tends to decrease. This is can
be explained by knowing that each cluster will have fewer component models, and the models will
be closer to their own centers [46].

The following formula (2) can give use the number of clusters

WCSS(k) = By By “xi ) Q2)

Where:

- WCSS(k): intra-cluster sum of squares for a given number of clusters k.

- n: the total number of data points.

- k: the number of clusters.

- xi: represents the i-th data point.

- ¢j: is the centroid of the j-th cluster.

- d(xi,cj) :distance between data point xi and centroid ;.

The plot of the WCSS against the number of clusters allows to get the visual inspection of a curve
representing the “elbow” in the data. This curve can then be used to select the number of clusters that
best represents the data set. This method is straightforward and readily applicable, demonstrating it
a prevalent approach for determining the optimal number of clusters in k-means clustering.

3.Application of the K-Means algorithm:

The algorithm employs a straightforward and expedient iterative methodology to partition the
dataset.

The following is a step-by-step process:

The initialization of centroids is as follows: The algorithm initiates the process by selecting a set of
'k’ points from the dataset as the centroids of the clusters. The selection of these centroids may be
random or based on a specific strategy designed to enhance the quality of the clusters.

The next step is the assignment of data points. Subsequently, each data point in the dataset is
assigned to the nearest centroid. The Euclidean distance between the data point and the centroid is
typically employed to determine the "nearest" point.

The centroids are updated as follows: when all data points have been assigned to clusters, the
centroids are recalculated. This is accomplished by calculating the mean of all data points within each
cluster [44-46].

Iteration: Steps 2 and 3 are repeated iteratively until the centroids will no longer shows significant
variation, indicating that the clusters are as consistent as possible.

The K-Means algorithm is designed to minimize the total sum of squared distances between the
data points and their respective cluster centroids. The formula (3) is for calculating this, known as the
objective function of K-Means, is as follows:

¢ = ﬁz xiesi ||xi — cj|| ,(3)
Where :

xi: represents the i-th data point.

Sjrepresents the set of data points assigned to the cluster

j and ¢;:is the centroid of cluster j.

3. Results

3.1. Application of the k-Means Analysis Method

As stated in the study, cluster analysis was employed as the methodological foundation of the
study. The historical center of Aleppo city was chosen as a case study to illustrate this methodology,
comprising several stages.

The preliminary stage of cluster analysis entails the collection of requisite data as shown in the
Table 3.
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Table 3. A dataset that includes a variety of street widths and configurations.

N Street width N Street width
1  Al-Nahasin market 3 57 St.Alarian 6
2 Ahmadiyya market 2 58 Al-Muhtaseb 6
> Al Zarb Market > > Al 65
Mubhtaseb 2

4  Soap Market 3 60 Al-Hashmeen 6.7
5  Attarin Market 2 61 St.Alarian 2 6
6  Bab Antakya Market 3.5 62 Al-Msht 5.5
7 Al Sakateyya Market 3 63 Al-Msht 2 5
8  Aljuh Market 2 64 Al-Tarbeya 6.3
9  Alfarin Market 2.5 65 Abdul Rahim 5.8
10 2 66 6.5

Al-Bahramiya Market .
Foundation.st

11 Castle Street 10 67 Al-Aws 6.8
12 Khan Al-Wazir 12 68 Al-Aws2 6.8
13 Khan al-Hari 8 69 Al-Jabriya 7
14 Bab Nazlat Akaba 6 70 Al-Hazaza

15 Seven Lakes 10 71 Al-qaser

16 St.Al-Khandaq 10 72 Al - Wakiliyya 6.5
17 St.Antar 12 73 L-Reach 5.5
18 St.Al Mashatiya 8 74 Al-Qashla 6.6
19 St.Qadi Askara 7 75 Avenue 1 6
20 St.Bab Al Hadid 15 76 Avenue 2 6
21 St.Bab Antakya 18 77 Avenue 3 6
22 St.Mutanabi 17 78 Avenue 4 5.4
23 St.Prison 17 79 Avenue 5 5.5
24 St.kawakibi 15 80 Avenue 6 5
25 St.Saad Bin Al Aas 15 81 Avenue 7 5.4
26 St.Al-Abbasiyyin 17 82 Avenue 8 5
27 St.Mohamed Fares 20 83 Avenue 9 5.5
28 St.Mohamed Beck 25 84 Avenue 10 5
29 Avenue 11 4.7 85 Avenue 16 6.7
30 Avenue 12 5.6 86 Avenue 17

31 Avenue 13 5.8 87 Avenue 18 6
32 Avenue 14 6 88 Avenue 19 6.5
33 Al-Basha 6.3 89 Avenue 20 6.5
34 Safwan 6.7 90 Avenue 21 6.7
35 Al-Hajaj 7 91 Al-Faruk 5.5
36 Al-Raee 6.5 92 Al-Qasila 10
37 Al-Nesbe 6.5 93 Al-Qasila2 6.7

38 Al-Masri 6.5 94 Avenue 22 6
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39 Al-Shakrea 6.5 95 Avenue 23 7
40 Bab Al-Ahmar 2 7 96 Avenue 24 7.5
41 Al-qatani 6.5 97 Avenue 25 8
42  Al-Sfsafe 6 98 Avenue 26 6.5
43 Al-Kaltawi 6.5 99 Avenue 27 7.5
44 Al-Bayada 65 100 Avenue 28

45 Al-Kourani 5.5 101 Avenue 29

46 Al-Mawazine Market 5 102 Avenue 30 6.8
47  Al-Souika 5 103 Avenue 31 6.5
48 Al-Zahrawi 6 104 Avenue 32 6
49 Al-Adasi 6.3 105 Avenue 33 6
50 Souq 1 4 106 Bab Qinnesrin 7
51 Souq 2 45 107 Al-Souika 2 6
52 Souq 3 4 108 Avenue 34 5
53 Souq Bab Antakya 4 109 Avenue 35 5.5
54 Avenue 15 6.6 110 Avenue 36 5
55 Al-Bustan 65 111 Avenue 37

56 Al-Aasam 65 112 Avenue 38 5.5

In the Elbow method we define that the number of clusters (K) is valued from 1 to 10, and for
each value of (K) the intra-cluster sum of squares (WCSS) is calculated, while the WCSS is defined as
the sum of the squared distances between each data point and the centroid of the cluster. Upon
illustrating the WCSS with a given K value, the resulting curve appears to give an elbow shape, and
the number of clusters increases, the WCSS value will begin to decrease.

The WCSS formula was applied with the assumption of ten clusters (K=1, 2, ..., 10), resulting in
the following values and outcomes.

Table 4. Shows the WCSS values that have been reached.

Number of Clusters (K) WCSS
1 1194
2 310.3
3 216.8
4 79.24
5 53.98
6 49.2
7 38.17
8 27.78
9 36.4

10 33

It is important to recognize that examining the WCSS value at K =1 is considered as a required
step for identifying the optimal number of clusters in a given dataset. However, in order to know and
define the ideal number of clusters, it is important to do further examining of the WCSS values at
deferent values of K, also upon a more detailed analysis of the graphic that describe the connection
between K and WCSS, a shown pattern becomes clear.
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At first, as (K) value increases, the WCSS value tends to decrease gradually, in order to reflect
the enhancement in clustering quality as the algorithm assigns data points to an expanding number
of clusters, that way reducing the within-cluster variability.

However, at specific point, the rate of WCSS starts to drop, as visually showed by the "elbow"
in the graphic, as this marks the transition from a significant enhancement in clustering quality to a
slight increase, and by following this inflection point, the decline in WCSS becomes less pronounced,
and the curve begins to flatten out. Eventually, it stabilizes and became almost parallel to the X-axis,
as illustrated in Figure 7.

Elbow Method for Optimal k

600 800 1000 1200
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Within-Cluster Sum of Squares (WCSS)

200
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~

. e
.—‘—.—.——_\_\_._,_,—o—'-.
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2 4 6 8 10

Number of Clusters (k)

Figure 7. The Elbow method application.

Upon examination of the graphical curve depicted in Figure 7, it was determined that the
optimal value for the number of clusters is K = 3. Consequently, utilizing the mentioned equation and
calculating the centroids of the clusters, it can be concluded that there are three clusters.

The k-means cluster formula can be applied to the given data points in order to group them into
three clusters.

Furthermore, the utilization of MATLAB through coding made it possible to create a graphic
that represented the used data into clusters based on the width of the streets, as illustrated in Figure
8. The first cluster include street widths with the range from (0 to 8)m, the second from (8 to 15)m,
and the third from (15 to 25)m.
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K-Means Clustering Result
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Figure 8. K-Means clustering results.

Once the cluster analysis has been completed and the results of the street classification into three
clusters have been obtained, it becomes possible to represent the results in the form of a scheme,
witch is an organized representation that provides a clear visualization of the street classifications
and their characteristics, and it also It can be created using a geographic information system (GIS).

The schema in the Figure 9. serves as a structured representation that provides a clear and
visualization of the street classifications and their respective attributes.
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Figure 9. K-Means clustering results application on the historic city center of Aleppo.

3.2. Creating Scenarios

Based on the comprehensive and multi-faceted analysis presented previously, a methodology
was developed that includes network and transportation elements, along with a cluster analysis that
classified the streets of the old City based on their width, also with the help this approach, we were
able to achieve the aim of the study, which included proposing and identifying optimal scenarios for
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designing Street profile sections that take into account the uniqueness and identity of the historical

center of Aleppo.

The designed matrix is considered a classification system for streets within the historical centers
of Syrian cities, which helps in decision-making processes to improve mobility and infrastructure
while preserving cultural heritage.

Streets are classified according to three main principles: width, type of movement, and street
type as follows:

Width Range:

The dimensions of a street are main factor to evaluate its capacity to accommodate various types
of mobility.

-Streets with a width of less than eight meters are often found in historic centers and are basically
used by pedestrians.

- Streets with a width range from 8 to 15 meters, these streets are designed to accommodate
pedestrians, bicycles, and possibly small vehicles for residential access.

-A street with a width of 15 to 25 meters is suitable for a wide range of mobility types, including
cars, bicycles, and pedestrians, these are streets that are wide enough to accommodate a full range of
transportation modes, including automobiles.

Mobility Types:

The matrix identifies three primary mobility types:

- The pedestrian mobility type is intended exclusively for foot traffic.

- The Pedestrian + Public category encompasses a combination of pedestrians and public
transportation (e.g., buses, trams). A combination of pedestrians and public transportation,
such as buses and trams.

- The Pedestrian + Public + Personal category encompasses all modes of transportation,
including pedestrians, public transit, and private vehicles.

Street Types

The matrix considers three types of streets: transit streets, open streets, and historical streets.

Transit streets are designed mainly for transportation and to provide access to residential areas.

Open streets are versatile streets that accommodate various uses and are full of residential
activities and attractions.

Historical streets are streets with cultural or historical significance that often have restrictions to
preserve their character.

The following symbols are used in the Matrix as shown in the Figure 10.:

-The use of dots (®) indicates the presence of a street type within a specific width range.

-Dashes (-) are used to indicate the absence or infeasibility of a street type within a certain width
range.

- Symbol (*) are used to indicate the only use of public transport without the use of personal
vehicles.

- Symbol (**) are used to indicate the only use of Touristic public transportation.

Width range
+ + +

A F = | o = c c c
Mobilitytype | 8 G o 5+ ® [ ® S+ Gl © So| 5+ T
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Figure 10. Street width and mobility compatibility matrix.

This matrix can be utilized to identify prospective areas for development or conservation,
comprehend existing mobility patterns, and devise strategies for anticipating future infrastructure
requirements.

The data provides a representative sample of how different street widths accommodate various
mobility types, which is a fundamental aspect of creating sustainable and livable urban
environments.

Based on the preceding analysis, a series of scenarios was proposed that suggest streets profile
sections that can be utilized and applied in the historical city of Aleppo and the remainder of Syrian
cities. These scenarios were divided into three categories, as illustrated in the

The first category (Figure 11) depicts three sections of transit streets connected with the street’s
width and mobility types.

The second category (Figure 12) depicts three sections of public streets connected with the
street’s width and mobility types.

The third category (Figure 13) depicts three sections of public streets connected with the street’s
width and mobility types
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Figure 11. Suggested streets profile section of transit streets.
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Figure 12. Suggested streets profile section of public streets.
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Figure 13. Suggested streets profile section of historical streets.

4. Discussion

The research is focused on the complex problems of urban planning in one of the historical
Syrian cities called Aleppo, setting the optimal balance between the imperative of preserving cultural
heritage and meeting the needs of residents, It also uses advanced methodological techniques, like
K-Means cluster analysis and geographic information systems, and in this way these methods enable
an in-depth look at the mobility patterns in Aleppo through a detailed analysis of street structures
and hierarchies.

K-Means method was used to understand o the complex dynamics of historical transportation
structures, in which could be explained by reducing the sum of squared distances between data
points and their centroids. Then, this analysis helped to classify the streets of the historical city of
Aleppo into different clusters representing one unique combination of characteristics of both mobility
and uses.

A major impact of this approach can therefore be to classify Aleppo's streets into three major
categories: primary, secondary, and mainly pedestrian. All these various kinds of streets play their
role in linking to urban mobility, which will enhance or improve the current understanding of
mobility patterns and also help in identifying specific infrastructure improvement needs for each
street type. Fulfillment of these requirements will ensure enhanced traffic efficiency while remaining
sensitive towards pedestrian security and preserving the historic integrity of the city.

The necessity for the preservation of historical city centers is further identified by the research,
that uncontrolled tourism growth might cause enormous damages, loss of authenticity, and cultural
erosion. Therefore, urban planning has to incorporate measures of protection and conservation of
cultural heritage, due to the value already present at such sites. In this direction, the spatial analysis
techniques applied in this research are of great value in formulating transportation development
scenarios attuned to these characteristics of historic cities. Such techniques give a model of
application that can be replicated in other urban areas characterized by the same structural features.

5. Conclusions

The study employed K-Means cluster analysis and geographic information systems (GIS)
methodologies to analyze the street structure of Aleppo, which gave us a valuable insights into
mobility patterns in historic Syrian cities.
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In addition, by categorizing streets based on widths and types, this research gave a proposed
design scenarios for the street profile of Aleppo historical city center in order it enhance urban
mobility.

(GIS) enabled a structured representation of street classifications and attributes, which is
important for urban planning and mobility design, also the results highlight the complex linkage
between urban structure, cultural heritage, tourism, and various mobility patterns in historic city
centers.

By the confirming of necessity for sustainable urban development strategies, the proposed
scenarios and methods can work as an example for other historical urban centers with similar
structure and challenges, giving a framework for determining mobility problems while protecting
cultural heritage.

In summary, the results that was presented provide a comprehensive framework, in order to
understand and improve mobility in historic city centers, balancing the dual of heritage preservation
and modern urban functionality
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