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Abstract

The expansion of a nation's road and transportation systems is crucial to that nation's
economic development. Social interaction and economic growth happen because of these road
networks within and between regions. It is among the most important ways to measure an
area's social, economic, and business growth. This research deals with the problem of
applying object-oriented GIS to the traffic road network in AR-RASS City. In contrast, it
investigates the flexibility of object-oriented GIS in the analysis, measurement, and
processing of traffic congestion based on data on traffic and spatial and temporal information
in different ways. The planning and spatial evolution of the road networks in the study area
was examined. The study used a descriptive-analytical approach by collecting data and
information through various methods (reference books, periodicals, and websites). Also,
through a primary method (the design question method), it was evident from the discussion
that the new system of object-oriented GIS can be an essential reorganization of roads and
traffic. While handling this system and the problems plaguing traffic management, this new
system helps avoid all the difficulties that have been pending for many years within AR-
RASS City. The study results show an immediate and urgent need for improvements and
required changes in the road network, such as the construction of new roads. To increase the
density of the road network, which gives another important and better prediction for the
standards of the road network in AR-RASS City?

Keywords: Object-Oriented GIS; Traffic police Services; AR-RASS City; Global position
system (GPS); Digital Map

1 Introduction

Countries pay special attention to their road networks because they are an essential part of the
infrastructure that helps the economy grow and provides security and strength [1][2]. Road
networks in cities are a conventional form of transportation that significantly interest many
study communities [3][4]. With the city's population and car ownership expected to continue
rising, traffic congestion is a pressing issue that must be addressed through research into
urban road traffic networks. Transportation infrastructure is a human activity closely tied to
place, highlighting its relevance in population activities. To make the idea of movement real,
we need to build roads that go from one place to another. Transportation activities and
decisions about how to use land often have a lot in common. For example, the way land is
used and how easy it is to get to different places and destinations, which in turn affects how
people travel and how much they travel. The road system, a component of the transportation
system, is a particular land use that raises demand for transportation [5]. The vehicle is
integral to land use planning because it makes it easy for people and things to get where they
need to go. It also connects financial services to the transportation system and infrastructures,
like bus stops, gas stations, and places to park cars. Poor roads and infrastructure in AR-
RASS city caused traffic jams and made it harder to get from one place to another, which is
the most important goal of the transport network. In general, trips took longer and required
more work because the way land was used changed. This problem can be solved by rethinking
land use and looking at other plans [2]. The most significant development in GIS over the past
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ten years has been implementing the concept of object-oriented GIS. Data abstraction, which
typically deals with algorithmic programs involving complex

complex data structures, has been linked to the advent of object-centered design. The fact that
the data model is now object-centric rather than geometry-centric, as it was in the past, is
perhaps the initial advantage of this field. As a result, the representation of reality no longer
includes different geometric shapes connected to specific tables, but rather the phenomena are
represented as they are, with all their attributes, interactions, and relationships, no matter how
complex, a single object category in the database [6][7]. Object-Oriented Programming views
a software system as a collection of "objects” with an identity, a state represented by member
variables, and a behavior expressed by methods [8]. Instead of functions and procedures, OOP
uses objects and class group items. The majority of contemporary programming languages are
object-oriented, including PHP, Java, and C/C++. Every computer technology field uses
object-oriented concepts. Object-oriented technology benefits more than only developers. IT
professionals are applying technologies. That's why we hear so much about Object-Oriented
Database Management Systems, OOPL, OOSD, OOSA, OOGIS, and others. GIS models
complex objects using object-oriented technology and GIS. data models have three forms:
vector data models depict geography as points, lines, and polygons; Raster models are arrays
of cells that contain numeric values; The origins of triangular irregular networks (TIN) are a
model of contiguous 3D coordinates (X, y, z) arranged in a grid of non-overlapping triangles.
OOP implements object notions immediately rather than mimicking them with older
languages. TIG RIS, Small world GIS, Geo Star, and Laser Scan's GAE are examples of
object-oriented systems [9]. The objectives:

1. To investigate the role of GIS in the context of a load, measure, and manage traffic
congestion based on traffic, location, and time on different highways.

2. To evaluate the system's incorporation into traffic enforcement and response to the
needs of owners of both public and private cars about road conditions and traffic
congestion at specific locations and times.

3. To figure out how well the system can direct transportation by gathering spatial and
temporal data and information and figuring out the best way to get from one site to
another in the city quickly and with less traffic. We should evaluate this in
conjunction with the previous two steps.

2 Literature review

2.1 The Role of Object-Oriented Programming (OOP) in Modeling of
Geographic Information Systems (GIS)

When creating new technologies for software development, software developers can no
longer ignore the geographic information system (GIS) market due to its enormous
growth in popularity. The idea of object-oriented programming (OOP), which includes
GIS and software modeling in general, has completely changed the software development
business. This article describes how to model a GIS program using the ideas found in
Object-Oriented Programming Languages. The report dissected the ideal characteristics
of GIS software using secondary source materials and a case study approach to assess the
applicability of OOP in GIS modeling. Additionally, the features of existing GIS
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modeling software have been thoroughly examined and the use of several OOP principles
and methodologies has been discovered. Arc GIS, a GIS program, is used as a case study
to demonstrate how closely geographic information systems software models resemble
OOP implementation languages like C++, Java, and C#. Even if there were still certain
GIS-related problems that could not be fully addressed by the software available today,
the study discovered that OOP ideas were especially relevant to GIS modeling [9].

2.2 Object-oriented data model of municipal transportation

The issue of adequate transportation is consistently one of the primary challenges that
every major city worldwide must confront. Using geographic information systems (GIS)
to manage municipal transportation is rapidly becoming an essential trend. Additionally,
the data model serves as the foundation for the transportation information system. The
design of the system must give careful consideration to the data's arrangement as well as
its storage. In addition to being able to fulfill the needs that transportation navigates, the
data model must be capable of producing pleasing visual effects and managing and
maintaining traffic information. In object-oriented theory and practice, roads are
segmented and intersected at crucial spots. This research examined the corridor, marking,
signs, and other transportation facilities, as well as their interaction with the segment and
intersection, to create a municipal transportation data model to fulfill vehicle navigation,
visual, and transportation needs. And management. Also, the research organizes various
transportation data. The experiment indicates that this data model meets traffic control
system application requirements [10].

2.3 Identification And Analysis of the Recreational Behavior Forms and the
Needed Recreational Space Using Integrated Spatial and Object-Oriented GIS:
Concepts and Statements

In recent years, Polish coastal recreation areas have changed how people spend their
leisure time and how much place they need. This study tackles how to quantify and
analyze these changes. Spatial knowledge helps determine what individuals do for fun
and how much room they need. We believe integrated object-oriented Geographic
Information Systems (GIS and decision-support technology should incorporate all
geographical data. This study argues that existing theoretical methods, which focus on
specifics and details, do not provide direction on their usage or evaluation. They don't
understand spatial information processes or create appropriate data models. New GIS
methods using object-oriented structures and expert system principles will help users
comprehend GIS better. To depict spatial phenomena, a data model or object-oriented
model that closely matches the user's understanding of the geographical object is likely
the most important. Our research shows that most Polish users in this subject cannot
immediately access information. They must employ SWOT analysis, which GIS does not
offer. According to what has been seen, the identification and analysis of recreational
behavior and corresponding recreational space must be defined as a systemic approach in
which: (i) the recreational space requires an object, (ii) its state is defined by its values,
and (iii) its utility is defined by its characteristics. The technique describes recreation
space characteristics/services. Matrix and digital mapping are used to assess recreation
space utilization. To build such a system, many organizational changes need to occur. It
is shown that in many GIS, applications, organizational factors, not technical ones,
determine their future and make way for new spatial analysis techniques [11].

2.4
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The efficacy of present RESs in Khuzestan, Iran, was assessed using FAHP and GIS [12].
This study employed accident high crash zone data from the department of roads,
health, statistics, forensics, police centers, surveying and geology, remotely-sensed, and
GPS. Location services using automobile GPS data require this preprocessing. A novel
online map matching method substitutes GPS locations with a probabilistic route
prediction model [13]. [14] demonstrate a wireless environmental monitoring device
that collects data from public transit. Complete the Smart City idea by sharing LoRaWAN
network infrastructure with trash management and traffic monitoring. Find north in the
head: geographic reference frame and map orientation. Geovisuali

Geovisualization and cartography use spatial reference frames. Changing humans' body-
centered, egocentric reference system to object-centered, allocentric is tough. [15] [16]
Use government open data and GPS technologies to construct an image-based traffic
assistance agent with user-friendly interfaces to offer real-time traffic intelligence to users
and relevant government agencies. Users may access cross-platform services on mobile
browsers without installing the app. [17] used machine learning and spatial analysis to
examine Luzhou traffic infractions. Hotspot maps for several violation categories were
created in Arc map Geographic Information System (GIS) using frequency-based nearest
neighborhood cluster algorithms to prioritize and execute treatment options.  Create
spatial and non-spatial data from primary and secondary sources. Live GPS and traffic
camera data increase road data documentation and safety. GIS is used to map health
infrastructure, assess accessibility and delivery barriers, and define healthcare facility
locations. Assess Mysore's public healthcare accessibility using gis. Mysore health care
infrastructure and services were assessed using GIS. The city benefits from ecologically
friendly transportation that minimizes urban traffic. GPS and GIS are used to find shared
motorcycle parking locations[18] [19][20]. [21] updates the state-of-the-art of important
disaggregated and aggregated travel demand factors with MaasS. Cellphones, smartcards,
GPS, and locations of interest aid surveys.

3 Materials and methods

Object-oriented GIS analysis tools were used to determine land and road use patterns and
describe their characteristics. Using methods like surveys, statistical space analysis, and
areas' topographical studies. This includes the best way to use land and how to evaluate it
to figure out how cities will grow in the future and the role of the road network in the
study area, which helps solve the problem. The research method depends as follows:

1. A description and compilation of data.( The images were digitized using ArcMap

software)

2. Organizing and presenting the data.

3. A description of the data.

4. Data analysis and decision-making.

3.1 Location of the AR-RASS City Units

AR-RASS is one city in the Qassim region of Saudi Arabia. It covers an area of
approximately 1600 square kilometers. AR-RASS city has a perfect geographical
location, as it is located in the middle of latitudes 25-52 and longitudes 3143, and it has
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been a known city since ancient times. The city of AR-RASS has many small areas and
well-known villages. | consider it a cultural and commercial center of the surrounding
Badia of the presence of the markets, retail centers, civilization, and institutes [22]. About
385 kilometers separate AR-RASS City from Riyadh, the country's capital [23][24].
Figure 1 shows the location of the city. Figures 2 and 3, respectively, show the layer of
administrative boundaries of the city’s neighborhoods and the road network. Figure 4
shows the merging of the two layers of administrative boundaries of neighborhoods with
the layer of the road network. Figures 5 and 6 also show the tables of road names and the
names of the city's neighborhoods within the system.

3.2 Routes

AR-RASS roads are paved, and there is adequate and adequate lighting. To enhance
traffic flow and people's mobility, the Municipality of AR-RASS is currently engaged in
a project called "Structural Streets." Along the path taken by Prince Faisal bin Meshaal,
the project will link the Northern Ring Road to the Southern Ring Road. The municipality
is working to permanently connect the internal Southern Ring Road, which is currently
used to connect the Eastern Ring Road to the Western Ring Road.

3.3 Population and Demographic Indicators

The method involves using GIS to evaluate the road network within the designated
research region. For a GIS-based evaluation of an urban road network, you must collect
data sources, digitize the web, build a transport network database, extract the network
structure, and so on. In this study, Arc GIS 10 was used. These data came from different
places, such as road and intersection titles, population, and automobiles. In addition,
comprehensive data was available, including sector maps for AR-RASS city at a
resolution of 1:1000, maps of the basic layout at a scale of 1:600.000, and satellite
photos from the Quick Bird U.S. Satellite, boasting an accuracy of 60 cm. The process of
digitizing all the roads, encompassing major thoroughfares, connecting streets, and minor
roads, was carried out using satellite imagery. Furthermore, all the required
measurements have been taken.

3.4 Spatial Statistical Analysis

We used the following stages as the foundation for the statistical study of the road
network.

Determine the density of the city's road system about its size: The density of the roads
is calculated by multiplying the length of the roads by the city's area and dividing the
result by 100.D = (3L/S) * 100% 1)

where D = Density, Y L = Length, and S = area.

Figuring out how dense the road network is about how dense the population is: The
population is the most important factor in how well the road system works and how easy
it is to get to for business. D = (3L/P) = 10000 (2)

where D = Density, Y L = Length, and P = Population.

Road density as a percentage: D = (QL/V) *1000 (3)

where D= Density, > L = Length, and V Vehicles.

It is possible to compute the average number of proper cars: M = P/VN 4)
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Where M = mean occupants per vehicle, P = population, and VN = Vehicle number.
[11[2].

Utilizing the Neighborhood Link Method, the distribution pattern of the roadways was
examined. The continuous quantitative criterion used to determine the road network'’s
spatial distribution serves as the basis for this measurement. GIS software was utilized to
analyze statistical factors. To measure the real distance between each station and the
adjacent station to determine the spatial distribution pattern of the road network. R =

2DX (D2 (5)
where R= Value of a local link, D= Actual distance between stations, N= number of
stations on the road network, and A = Area. [1][25]
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Fig. 4. Road layers and neighborhood boundaries.
4 Results and Discussions

They performed building levels of analysis using the data represented on the research
area map. Four layers separate each layer; however, the road layer, which stands for the
layer that contains the routes, connects the layers. Considering the average speed of roads
and the amount of time needed to find the best way between two spots, such as police and
accident sites, as well as hospitals, The classifications contain tables of their results from
statistical processes, including traffic streets that have been classed as most severe and as
cases of injury, whether an injury has resulted in death, and other categories.
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Fig. 5. Table of roads

Table
-2 B =
Streets
FID Shape ™ StreetName NameAR
> 0] Polyline King Fahd Road P e
1 [Polyline King Abdulaziz Road paliue ol g 4l
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Fig. 6. Table of neighborhoods
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4.1 Classification of streets

The streets that are most likely to have accidents are in the following order:

Graph of road

Al Mutaya Street King Abdulsziz Street slsahganroad  King Fahed street

Fig. 7. Gravity-based classification of streets
The age groups driving the vehicles are classified into several types, as follows:

Tablel THE AGE RANGE DRIVING THE VEHICLES

Division Age range
under 18 years old
18-30

30-40

40-50

50-60

Greater than 60

mim g O|w >

4.2 Classification of months most traffic accidents

In this category, accidents were divided according to their occurrence in the month
observed, as shown in the figure below:

Graph of the months most accidents

1l

July Aug Sep oct Mov Dec

Fig. 8. Classification of months most traffic accidents
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4.3 Accident classification in terms of the cause of the accident

Accidents were classified in this case according to the reason that led to the accident of
negligence, recklessness, skipping, etc., as in the following figure.

Graph of Classification by course of injury

Fig. 9. Accident classification in terms of the cause of the accident.

After analysis, the following results were obtained.

Most accidents occur on King Fahd Street

Age group B (18-30) is the most common category of accidents

The car is the most class of vehicle for accident

August - the most month of accidents

It was found that the cases of serious injury more than deaths

The study found that negligence and phone use are the most common causes of
accidents

7. The study found areas with a deficit in the hospital's coverage and the police station.

ook wdE

Table 2. POPULATION OF AR-RASS CITY [24].

City Population
Saudi Non-Saudi Total
Males | Females | Total | Males | Females | Total | Males | Females | Total

Ar | 42104 | 42187 84291 | 18626 | 6634 25260 | 60730 | 48821 109551

5CONCLUSION

This research used object-oriented GIS technology to produce maps. Link the service
center layer and the main road layer in the study area to the road accident site layer.
Then, classify the traffic accidents to identify some characteristics that aid the analysis.
This will show the shortest distance between two places and the closest service center
for the scene.

6RECOMMENDATION

After the analysis of the study area, we reached a set of recommendations, the most
important of which are the following:
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1. Constant observation of equipment and road conditions.
2. To achieve the best outcomes and understand the causes of accidents, we advise
studying, processing, presenting, and analyzing connected data through GIS.

3. Give the General Directorate of Traffic, the option to view analysis and visual
processing through a Geographic Information System (GIS).
4. Holding training sessions and coordinating with the two leaders' intense training.

7 Acknowledgment

Researchers would like to thank the Deanship of Scientific Research, Qassim
University for funding publication of this project.

References

(1]

[2]

(3]

(4]

[5]

(6]

[71

(8]

(]

[10]

Ouma, Loice A.(2022) "The Influence of Road Infrastructure Development Projects on
Urban Land Uses: a Case of Eastern Bypass." PhD diss., university of nairobi.

Qtiashat, Deya, Zeyad Makhmreh, Hala Abu Taleb, and Ahmed Kbhlaifat. (2018):
"Urban land use pattern and road network characteristics using GIS in Al Salt City,
Jordan." Modern Applied Science 12, no. 4 .128-142.

Bando, Masako, Katsuya Hasebe, Akihiro Nakayama, Akihiro Shibata, and Yuki
Sugiyama. (1995) "Dynamical model of traffic congestion and numerical
simulation.” Physical review E 51, no. 2: 1035.

Wang, Yalin, Qilong Han, and Haiwei Pan. (2012) "A clustering scheme for trajectories
in road networks." In Advanced Technology in Teaching-Proceedings of the 2009 3rd
International Conference on Teaching and Computational Science (WTCS 2009)
Volume 2: Education, Psychology and Computer Science, pp. 11-18. Springer Berlin
Heidelberg.

Ahmed, N. A., and T. S. Mahmood. (2021) “Changes in Land Use and Its Impact on
the Hierarchy of Roads in Ramadi City.“ In IOP Conference Series: Earth and
Environmental Science, vol. 754, no. 1, p. 012015. IOP Publishing.

Golledge, Reginald G. (1996). "Object-Oriented Dynamic GIS for Transportation
Planning." .

ALGAMDY, A. (2006). characteristics of object- oriented geographic information
systems (OOGIS). King Saud University, Publisher in the GIS Club,114 ed. 1428 ed.

A. Bellaachia. (2016). Object-oriented paradigm. Accessed July 11, 2016.
https://www.seas.gwu.edu/~bell/csci210/lectures/oop.pdf

Onu, F. U., E. O. Uche-Nwachi, and K. E. Chigbundu. (2016) "The Role of Object-
Oriented Programming (OOP) in Modeling of Geographic Information Systems
(GIS)." IOSR Journal of Mobile Computing & Application (IOSR-JMCA.: 40-46.

Pan, Yuging, Yehua Sheng, and Guiying Zhang. (2008) "Object-oriented data model of
the municipal transportation.” In Geoinformatics 2008 and Joint Conference on GIS and
Built Environment: The Built Environment and Its Dynamics, vol. 7144, pp. 1061-1069.
SPIE.

[11] Kubiak, Bernard & Korowicki, Bernard & Antoni,. (2023). Identification And Analysis
of the Recreational Behaviour Forms and the Needed Recreational Space Using the

13/01/2024 Quarterly refereed journal for studies RJ\E\ & research (Educational & Human Sciences)No..22



58

Integrated Spa-tial and Object-Oriented Gis: Concepts and Statements. Second Design and
Decision Support Systems in Architecture & Urban Planning (Vaals, the Netherlands),
https://www.researchgate.net/publication/30871909 _Identification_And_Analysis_of the R
ecreational_Behaviour_Forms_and_the_Needed_Recreational_Space_Using_the_Integrated
_Spatial_and_Object Oriented_Gis_Concepts_and_Statements

[12] Amin Naboureh; Bakhtiar Feizizadeh; Abbas Naboureh; Jinhu Bian; Thomas Blaschke;
Omid Ghorbanzadeh; Meisam Moharrami; )2019( "Traffic Accident Spatial Simulation
Modeling for Planning of Road Emergency Services”, ISPRS INT. J. GEO INF., 2019.
(IF: 3)

[13] Shun Taguchi; Satoshi Koide; Takayoshi Yoshimura; "Online Map Matching With
Route Prediction”, IEEE TRANSACTIONS ON INTELLIGENT TRANSPORTATION
SYS-TEMS, 2019. (IF: 3)

[14] Tommaso Addabbo; Ada Fort; Marco Mugnaini; Lorenzo Parri; Alessandro Poz-zebon;
Valerio Vignoli; )2019( "Smart Sensing in Mobility: A LoRaWAN Architecture for Per-
vasive Environmental Monitoring”, 2019 IEEE 5TH INTERNATIONAL FORUM ON RE-
SEARCH AND ..., 2019. (IF: 3)

[15] Zsolt Gy6z6 Tordk; )2020( "North in The Head: Spatial Reference Frame and Map Ori-
entation™.

[16] Fu-Hsien Chen; Sheng-Yuan Yang; )2020( "A Balance Interface Design and Instant Im-
age-based Traffic Assistant Agent Based on GPS and Linked Open Data Technolo-gy",
SYMMETRY, 2020. (IF: 4)

[17]Muhammad Zahid; Yangzhou Chen; Sikandar Khan; Arshad Jamal; Muhammad ljaz;
Tufail Ahmed; "Predicting Risky And Aggressive Driving Behavior Among Taxi Drivers:
Do Spatio-Temporal Attributes Matter?", INTERNATIONAL JOURNAL OF
ENVIRONMENTAL RE-SEARCH AND PUBLIC ..., 2020. (IF: 3)

[18] Akeem A. Audu; Olufemi F. lyiola; Ayobami A. Popoola; Bamiji M. Adeleye; Samuel
Me-dayese; Choene Mosima; Nunyi Blamah; "The Application of Geographic Information
System As An Intelligent System Towards Emergency Responses in Road Traffic Accident
in Iba-dan”, JOURNAL OF TRANSPORT AND SUPPLY CHAIN MANAGEMENT,
2021. (IF: 3)

[19]Minutha. V; )2021( "Accessibility of Public Healthcare Services in Mysore City- A GIS
Approach”, INTERNATIONAL JOURNAL OF HEALTH SCIENCES AND RESEARCH.
[20] Onel Pérez-Fernandez; Juan Carlos Garcia-Palomares; )2021( "Parking Places to
Moped-Style Scooter Sharing Services Using GIS Location-Allocation Models and GPS
Data", ISPRSINT.J. GEO INF.,. (IF: 3)

[21] G. Musolino; )2022( "Sustainable Mobility As A Service: Demand Analysis and Case
Stud-ies”, INF..

[22] Alkhalifah, Ashwag Mohammed, and Ibrahim Obaid Alshwesh. (2019)"Using Areal
Interpo-lation Techniques and Location Allocation Models to determine the accessibility to
Primary Health Care Centers in Al-Rass City, no. 9: 40-13.

[23] AAGEEB, L. (2019). Location of the Ar Rass city. Matter.

[24] STATISTICS, G. A. F. (2022). Population. General Authority for Statistics Kingdom
Saudi  Arabia  [Online].  Available:  https://www.stats.gov.sa/sites/default/files/al-
gaseem_region_ar.pdf [Accessed 10 2].

[25] Li, Tongfei, Jianjun Wu, Huijun Sun, and Ziyou Gao. (2016) "Integrated co-evolution
mod-el of land use and traffic network design." Networks and Spatial Economics 16: 579-
603

13/01/2024 Quarterly refereed journal for studies RJ\E\ & research (Educational & Human Sciences)No..22



