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Abstract 

The University of Engineering and Technology Taxila (UET Taxila), established in 1975 as a campus of the University of Engineering and 

Technology Lahore, is a leading public university in Taxila, Punjab, Pakistan. With a transportation network spanning approximately 

518 square kilometers across Islamabad, Rawalpindi, and Wah Cantt, it provides an economical and efficient transit system for students, 

faculty, and staff. This study evaluates the service area coverage of transit stops using Geographic Information Systems (GIS) to assess 

network efficiency, accessibility, and spatial gaps. At the university, 16 buses operate across 16 routes, serving an average of 810 users 

daily. The analysis defines transit stop service areas based on 5, 10, and 15-minute walking times, assuming a walking speed of 100 meters 

per minute. Results reveal that 69% of users access transit stops within a walkable distance, while 31% rely on other modes of transport. 

Among those with walking access, 27% reach a stop in under 5 minutes, 23% within 5 to 10 minutes, and 19% within 10 to 15 minutes. 

These findings provide valuable insights for optimizing the university's transportation network and supporting future transit planning 

decisions 
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I. INTRODUCTION 

Urban population growth is a challenge encountered by 
many nations around the world. The demand for transport 
increases rapidly with the rise in city size and population in 
developing countries, which calls for effective and efficient 
transportation to meet the needs of the traveling public.[1]. With 
City populations growing, more pressure is placed on transport 
infrastructure [2] About 54% of the world's population lived in 
urban areas in 2014, a substantial rise from 20% in 1950. By 
2050, this proportion is projected to reach 60%, adding 2.5 
billion residents to the urban population [3]. 

Buses are an important component of the transport industry, 
providing access to infrastructure and contributing to social 
inclusion, thereby serving as a pillar of success. [4] Bus stops 
are an essential component of a transit user’s journey. Access to 
a bus stop can be determined by how many people, relative to 
its catchment area, can reach it and how easily it can be accessed 
using various modes of transportation [5]. 

Authors of [6] suggested that improvement of the transport 
system for buses is a potential response to the rise in traffic 
congestion. Unless concerns related to the safety of bus 
passengers—both on board and when commuting to the bus 
stop—and accessibility to bus stops are resolved, the full 
potential of the bus market cannot be realized [7]. The reason for 
the socio-economic disparity in the transport sector is primarily 
due to the rapid growth in urbanization, motorization, and 
unequal investment in transport and infrastructure planning in 
the major cities of Pakistan and China [8].  

The use of public transport is affected by proximity to 
passenger stations [9]. Moderate to least accessible stops create 
the weakest link in the transport system. Not only it is one of the 
biggest hurdle to follow the existing pattern of fixed-route, but 
also these bus stops can significantly hamper movement and 
therefore restrict mobility and potential psychological, physical 
and cognitive obstacles [10]. However, both bus location and 
interval affect significantly the efficiency of the transit service 
and passenger satisfaction, provided the spatial attributes, as 
they influence travel times [11]. 
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A Geographic Information System (GIS) approach can be 
used to assess the accessibility of Stops in the closest bus 
Routes.[12]  GIS-based modelling of transit systems is one of 
the computer-integrated tool to evaluate the transit system 
model and to carry out various methods for transit research.[13-
15] Transit system modelling GIS applications include transit 
service area analysis, data allocation and network 
representation, transit demand, transit delivery, transport system 
relation, etc. GIS can be used for the analyses of transit-enabling 
areas and for calculating service level [16]  The purpose of this 
paper is to determine Rapid U.E.T Taxila level of public 
transport service using the Geographic Information System 
(GIS). 

Most accessibility research concerning transit systems 
focuses on physical access near a transit stop [17-23]. Some of 
those studies calculate access to a transit stop from an 
administrative unit. The use of an administrative unit as a 
substitute for home of all residents will lead to errors [18]. In 
terms of travel time, [24] define an accessibility instrument to 
calculate transit service areas. [25] suggests a transit 
accessibility measure that includes bus service time as an 
attribute in GIS.  

Bus stop classification is a crucial factor usually based on 
estimating the covered area and population lying within a 
reasonable access distance from the bus stop  [26] The first 
objective is to analyze the “walking distances” for transit users 
to reach the bus stops, the second objective is to classify the 
number of stops for the whole system. This will help in 
establishing an optimum transportation network. 

The walking speed of 100 m/minute as adopted by [27] is 
used as a criteria to find transit stop serviceability area  and 5, 
10 and 15 Minutes Polygons have been generated to Analyze the 
Area. The goal of this study is to improve transport in a study 
area by classifying bus stops at A, B, C and D levels. While 
numerous studies have examined transit accessibility using 
Geographic Information Systems (GIS), most focus primarily on 
broader urban networks or rely on administrative units as 
proxies for user origins, leading to generalizations and potential 
inaccuracies. Limited attention has been given to micro-level 
accessibility evaluations, particularly in university-based transit 
systems in developing countries like Pakistan. Moreover, the 
specific assessment of walkability zones and serviceability 
classification of individual bus stops—using fine-resolution GIS 
network analysis—remains underexplored. This study addresses 
these gaps by applying a detailed GIS-based approach to 
evaluate and classify bus stop accessibility at UET Taxila, 
providing a localized and accurate representation of transit 
service effectiveness that can inform future planning and 
optimization strategies. 

II. STUDY AREA 

With an area of 205344 square kilometers, Punjab is 
Pakistan's most-developed and populated province. [28] 
Geographically, it stretches from 31˚1'7.34" N latitude and 
75˚22'54.72" E longitude to 27˚42'18.4"N latitude to 
69˚19'7.68" E longitude with an altitude that ranges from 77 
meters to 1344 meters.[29] The study area includes Islamabad 
(the federal capital of Pakistan), Rawalpindi, and Wah Cantt.  

 

 

The university routes cover nearly 518 km² within the 
boundaries of these three cities. The study area is bordered by 
the districts of Attock, Chakwal, and Jhelum. Figure 1 shows the 
university transit network within the study area. 

III. ROAD NETWORK 

The major roads that interlink Wah Cantt, Islamabad, and 
Rawalpindi include the Grand Trunk Road, Murree Road, 
Islamabad Expressway, Srinagar Highway, and IJP Road. The 
major urban and inter-city road network is shown in Figure 2. 

 

 

IV. DATA ACQUISITION AND GIS ANALYSIS 

Transit data were collected from the Transport Department 
of the University of Engineering and Technology, Taxila. These 
data included transit stop names, lines, and schedules for the 
development of the network’s transit portion. A field survey of 
810 transit users was conducted to determine their respective 
stops and walking distances at each transit stop. Using these 
survey results alongside high resolution satellite imagery, data 
for land use and the route network were developed. 

Fig. 1.  UET Taxila transit network in study area 

Fig. 2.  Road Network in Study Area 
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A GPS survey was also carried out to obtain spatial data for 
transit stops. Detailed road network data were generated by 
digitizing high-resolution satellite imagery. These road network 
data were used to construct the walking portion of the network 
by using the length of the roads and a walking speed of 100 
meters per minute to calculate walking time for each track 
section [27]. Network Analysis tool is used to check the 
serviceability of each stop by generating the 5, 10 and 15 
minutes polygons. The complete Research Methodology is 
shown in figure 3. 

 

 

 

V. ROAD NETWORK TOPOLOGY AND NETWORK ANALYSIS 

Roads and bridges serve as connections to bus stations for 
passengers. Edge-node topology was incorporated into the road 
network dataset to construct geometrically corrected network 
datasets. Geometric errors were eliminated using topological 
rules such as "must not intersect" and "must not touch interior." 
Examination of the network addressed various questions related 
to the linear network, including bridges, ferries, rivers, and 
utilities. Common applications included road identification, path 
planning, travel time and distance calculations, identifying the 
nearest facilities, and measuring area resources (e.g., polygons 
with 5-, 10-, and 15-minute walking distances). The network 
dataset included the length of each street section, lane speed, F-
node, T-node, F&T minutes, and one-way restrictions to 
represent the road network linkages in the study area in real time. 
The dataset with edge-node topology is shown in Figure 4. 

 

 

VI. RESULTS AND DISCUSSION 

Being one of the most accurate tools for classifying stops and 
service areas, service area analysis was carried out using road 
network and pedestrian network data. To evaluate and classify 
the stops, walking times of 5, 10, and 15 minutes were used. The 
yellow region in Figure 5 represents areas within a 5-minute 
walking distance from transit stops. Similarly, the light blue 
region shows areas with walking times of 5 to 10 minutes, while 
the dark brown region represents areas with walking times of 10 
to 15 minutes from transit stops. The criteria may be modified 
based on local conditions or geographic context. [30]. The above 
criteria were used to identify the transit stop service area using 
the Network Analyst Extension in Arc GIS 10.3. The above 
criteria were used to identify the transit stop service areas using 
the Network Analyst extension in ArcGIS 10.3. Figure 5 
illustrates the serviceability status of various parts of the study 
area, including areas with no coverage that lie outside the 
defined transit time zones. 

 

 

Fig. 3.  Methodology Flow Chart 

Fig. 4.  Road Network Dataset 

 

Fig. 5.  Classification Based on Walking Distance 
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It is important to acknowledge that simple walking time 
polygons may not fully capture real world accessibility 
constraints. In our approach, Euclidean buffer derived service 
areas do not account for physical barriers—such as rivers, steep 
slopes, or gated compounds—that can significantly alter 
pedestrian routes. As a result, actual walking distances in certain 
parts of the study area may be under  or over estimated. Future 
work should integrate cost distance modeling or network 
impedances (e.g., elevation data, barrier layers) to more 
accurately reflect on the ground walking paths. 

 

 

After generating the polygons, the Intersection tool was used 
between the polygons and transit user data to identify the regions 
from which transit users actually originate. Many polygons do 
not serve any purpose, as no transit users come from those areas.  
To resolve this issue, an intersection of the polygons and transit 
user data was performed to isolate only those regions associated 
with actual transit users. The resulting figure 6 shows the 5, 5 to 
10, and 10 to 15-minute walking distance polygons through 
which transit users are coming; this image represents the output 
after applying the Intersection tool. 

To plan the location of bus stops, the main criteria 
considered are the distance from the origin/destination to the bus 
stop and the associated walking time. Bus stops are typically 
placed at the center of a service area, where the radius length 
indicates service efficiency—excluding factors such as the 
actual pedestrian route, potential physical barriers, and the 
density of residential or workplace areas near the stop. The 
positions of transit users were mapped based on actual walking 
times, and this data was used to evaluate the effectiveness of 
each stop. The stops were then graded into four categories, from 
Level A to Level D, with Level A representing the highest level 
of service. Table 1 provides a description of each level. 

 

 

TABLE I.  Showing Stops Classifications 

Stops 

level 
Accessibility Description 

Level A Easily Accessible 
All transit users within walking time of 
0 to 5 minutes 

Level B Difficult to access Walking time of 0 to 15 minutes 

Level C Poorly accessible Walking times of 10 to 15 minutes only 

Level D 
Accessible via 

vehicle 

Traveling time by vehicle of 0 to 15 

minutes 

 

Levels A to D have been represented on the map according 
to the descriptions provided in Table 1. Various geoprocessing 
tools were used for this purpose. An intersection between the 
polygons and home locations was performed to isolate those 
polygons that are actually serving transit users. 

 

 

This technique was used to display stop levels on the map. 
The map in Figure 7 presents the final output after applying all 
geoprocessing tools and shows all stop levels. Both the location 
and arrangement of bus stops have a direct impact on transit 
service efficiency and customer satisfaction, as they influence 
overall travel time [11]. Bus stops in transit networks should also 
be positioned in an optimal fashion to guarantee sufficient 
coverage and rapid accessibility for all passengers [9, 11, 31]. 
The findings shown in figure 8 reveal that only 14% of the stops 
fall under Level A, which indicates a walking time of 0 to 5 
minutes. Conversely, 24% of the stops are classified as Level D, 
meaning they cannot be reached by walking. Transit users must 
rely on a vehicle or another mode of transport to access these 
Level D stops, indicating a significant gap in pedestrian 
accessibility. 

 
 

Fig. 6.  Showing Polygons of Different Walking Distances 

Fig. 7.  Transit Stop Analysis Results 
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Similarly, using GIS geometric tools, the area covered by 5, 

10, and 15-minute walking polygons was calculated. The 
analysis revealed that approximately 36% of the total area is not 
covered by transit routes, while the remaining 64% is within the 
transit service area. 

Within this 64% covered area: 
• Only 11% falls within a suitable walking time of 0–5           

minutes, 
• 29% is within a 5–10 minute walking distance, and 
• 34% lies within a 10–15 minute walking distance. 

 
Figure 9 illustrates the results of this area-based walking time 
analysis. 
 

In addition, Figure 10 presents the percentage of transit users 
according to their walking accessibility. The findings show that 
31% of transit users do not have access to any stop within a 
reasonable walking distance and must rely on vehicles or other 
transport modes to reach transit services. Among users with 
access to walkable stops: 

• 27% have a walking time of less than 5 minutes, 
 • 23% walk between 5 to 10 minutes, and 
 • 19% walk 10 to 15 minutes 

 

 

 
 

 

 

Our findings align closely with those of García Palomares et 
al. [12], who reported that no barrier, network based walkability 
models capture approximately 70% of urban residents within a 
10 minute walk to transit in European cities. However, in our 
university setting, only 50% of users fall within that threshold, 
highlighting the unique spatial challenges of the UET Taxila 
network. This comparison underscores the importance of 
localized GIS analyses and suggests that campus and peri urban 
environments may require tailored walkability metrics beyond 
those developed for dense metropolitan regions. 

This stop classification framework thus provides a 
transparent, data driven basis for incremental transit 
improvements, enabling university planners and municipal 
authorities to set measurable targets (e.g., increasing Level A 
coverage from 14% to 25% within two years) and monitor 
progress via periodic GIS assessments. In doing so, UET Taxila 
can serve as a replicable model for other campus and peri urban 
environments grappling with similar accessibility challenges 

VII. CONCLUSION 

This research demonstrates and validates the effectiveness of 
Geographic Information Systems (GIS) through a network-
based accessibility approach in evaluating the existing transport 
system of one of the largest educational institutions in the 
Rawalpindi District of Punjab, Pakistan. The study assesses the 
serviceability of bus stops based on walking time, classifying 
them into four levels—with Level A indicating optimal 
accessibility, defined by a walking time of less than five 
minutes.  

In addition to stop-level analysis, the spatial extent of 
accessibility was examined to identify the most reachable areas 
within a reasonable walking distance. The findings reveal that 
unplanned and inefficient road networks, combined with 
inadequate spatial transit planning, significantly hinder transit 
accessibility for users in the study area. 

In light of these findings, there is a critical need to redesign 
and optimize the transportation network and stop locations by 
focusing on areas with actual demand. Moreover, enhancing the 
pedestrian and roadway infrastructure, especially in regions with 
limited accessibility, can play a pivotal role in improving overall 
transit service. It is also recommended that research institutions 
and government agencies regularly conduct such spatial 
analyses to monitor deficiencies, assess user needs, and guide 

Fig. 8.  Stop Classification Results Based on walking Distance 

Fig. 9.  Showing Results of Area Analysis 

Fig. 10.  Proportion of transit users lying in suitable walk time 
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the planning and management of infrastructure in line with 
evolving public requirements. 

VIII. ETHICAL APPROVAL STATEMENT  

The research did not involve direct interaction with human 
participants, nor did it entail the collection of personal or 
sensitive information from individuals. Instead, it relied on the 
analysis of publicly available geographic data and existing 
transit infrastructure. 

Despite the absence of human subject involvement, and in 
line with standard academic research protocols, ethical 
considerations were formally reviewed. The research 
methodology was submitted to the Institutional Ethical Review 
Committee (IERC) of UET Taxila for clearance. The Committee 
reviewed the project and determined that formal IRB/ethical 
approval was not required due to the use of secondary, non-
identifiable data and the non-invasive nature of the study. 

This ethical approval statement affirms that the research was 
conducted in accordance with ethical principles and standards, 
and that the rights and welfare of human participants were not 
compromised in any way. 
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