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Abstract: In the present-day world of technological innovation, the community has adopted significant utilization of geography-related
information in the form of both spatial and non-spatial data. The spatial data are presented in an approach that incorporates space, time
alongside sophistication. Network analysis assists in identifying the most suitable locations that provide services. Healthcare facilities
and certain areas of the Meerut region have been chosen for the network assessment in the present research. For a better understanding of
facilitate the movement of resources, people, commodities, and services throughout multidimensional road networks, assessment is
needed. The present research emphasized on finding the most efficient approach between two or more locations based on a particular trip
consumption in order to illustrate the usage of network analysis. The most convenient or most effectively route between such locations
can be determined using a Geographic Information System, or GIS technology. In order to generate a database consisting of the roadway
network and the most suitable route, information on the attributes of the road network must be collected. The most effective approach can
be determined by analyzing the total expenditure of the route in both meters and minutes.

Keywords: Network Analysis, Attribute Data, GIS Techniques.
1. INTRODUCTION:

Streets are essential for human society's ability to move
around effectively and have significance for many
different kinds of segments, especially urban
development, assistance for disasters, and automated
transportation (Claussmann et al., 2020). High-resolution
remote sensing images (HRSI) additionally function as a
data source for effective controlled object categorization
in in addition to providing extensive knowledge of
ground-based objects (Du et al., 2022). Streets are a
prominent element in HRSI that have undergone
thoroughly investigated for extraction of compounds [1].

The town's essential services and vital component of
urban infrastructure is the transportation system. It is
significant because of the region's economic
development. Additionally, it demonstrates the stability
of economic activity in the region and the long-term
dedication of analysts to the community. Accessibility as
well as efficient planning of routes cultivate growth that
is environmentally friendly. The system of information
known as Geographic Information System (GIS) is more
advantageous for selection assistance and administration
operations, which are especially significant for the area
of urban development. Alternatively paying attention to
establishing the most efficient solutions to urban
challenges, creative ways to use heuristics challenges
that may accommodate the evolving requirements of
urbanization must be came up with. It might be
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significant for developing appropriate planning for
infrastructure or approach when the spatial entity has a
connection with non-spatial characteristics [4]. This
constitutes an  essential concern when utilizing
geographic information system (GIS) technology as a
tool for collaborating with layout or investigation of
transportation routes. The mode of transport network that
operates a database on the Geographic Information
Systems (GIS) platform frequently gets expanded
through the integration of attribute and geographical
information [5][6].

Roads play a crucial role to the overall progress of a
community due to the fact that constitute an alternative
source of communication for urban communities. It
constitutes the supporting structure of urban society and
the economy as a whole. One of the key variables in the
development of urbanization is the urban transportation
network. The growth of urban areas encompasses every
aspect of growth and development, which includes trade
in goods, industry, education, and settlements. A
sophisticated network of transportation serves as
essential throughout all of such organizations [6].

Making use of Geographic Information Systems, or GIS,
visualization instruments that utilize primary information
which include toposheets coupled with satellite and
aerial images can potentially be employed for traffic
design. Route modification detection and network
domain classification are two possibilities for using GIS
that can potentially be implemented. The travel distance
connecting each of the two places can additionally be
measured with it. It can be employed to demonstrate the
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shortest possible route connecting at least two points in
in addition to evaluating distance [7].

These applications using Geographic Information
Systems are frequently deployed in order to generate the
the most rapidly a pattern of possible for controlling
traffic structures. With respect to transportation in urban
areas, traditional planning is unsustainable [4]. The
recently developed techniques must be implemented in
order to demonstrate or recognize significant challenges
associated with the technological conceptualization and
evaluation of urban transportation infrastructure.

The intended objectives of the current research
encompass: (i) Through the use of user-provided
parameters, Network Tracing identifies the route that one
must take through the entirety of the road network within
and surrounding Meerut City if they prefer to make their
way from a particular point to a different one employing
any form of transportation of their preference. (ii) To
determine the most effective path through a
predetermined phases resource to a subsequent
predetermined destination—also commonly referred to
as the Sources-Destination Route under the age of the
Path Analysis subsection of the Connectivity Module—
when an individual want to make the journey from a
specific location of interest to a different one. In this
particular situation, the individual making the desires to
examine specific destinations that are fascinating from
any of the locations throughout the six different
transportation paths and transportation hubs that are
positioned in and out the City's transportation system.
(iii) The intended purpose of the Tour Investigation of
the Network component is to identify the best
transportation direction that needs to be followed for the
purpose to arrive at every single location that are relevant
in the best possible way [7].

2. LITERATURE REVIEW:

Since the Line component corresponds to a significant
geographic  characteristic, it has an additional
significance in the mappings. The Line Functionality
Generalization functionality is readily accessible in an
abundance of GIS applications. The aforementioned
extension encompasses geometric techniques that consist
of decision-making, combining with another, symbolic
representation, elimination, and further refinement.
However, an appropriate criterion for generalization does
not exist.

In Arc GIS 9.3, Implementing the Douglas-Peucker (DP)
approach is an instance of point deletion methodology.
The technique that is most commonly utilized is this
particular approach, which can be applied in multiple
contexts such as generalizing coast lines, rivers, and
roads. [8]. For the purposes to apply generalization to the

network of roads, the following procedures must be
accomplished:

Election: Determine an appropriate road classification at
an appropriate dimension.

Organization: It comprehends a substance and organizes
them according to the characteristics they have. An
appropriate identification is essential for roads which
makes them quicker for selecting along with more
realistic. It diminishes the complexities. For example,
road length.

Simplification: For the purpose of rendering specific
routes less complex, they can be made easier to
understand. Ex: Eliminate unnecessary route curves as
needed.

Symbolization: Graphic indications have been employed
on maps for illustrating distinctive characteristics. Ex:
The name along with the number of the road.

Typification: The current approach of adjusting is by
manually. It makes the network's deployment and
architecture more straightforward and improves the
network concentration.

Removal: Eliminate any smaller route that exceed an
identifiable distance.

Another vital aspect of the GIS work environments is the
significance of network analyst and transportation
models of networks in the roadway network architecture
[7]. In furtherance of offering statistics on the
dimensions, the location, and interconnectivity of paths,
the infrastructure will additionally manage challenging
roadway network issues, ensure enhanced connectivity,
provide the fastest and most efficient direction, etc.
Moving both individuals and goods between one location
to a different one is an essential component of
transportation. The all-around network is comprised of
roads.

Numerous applications, such as Google Earth, offer the
capability of visualizing the path between two designated
locations by utilizing only major roadways. These routes
typically disregard taking into consideration probable
risks like floods, accidents, and road damage. The
ArcGIS software may be employed to resolve this kind
of problem. The information obtained through Google
Earth subsequently georeferenced in ERDAS and
demonstrated with the assistance of the ArcGIS software.
Considering all the positive aspects and limitations
associated with every route, the software may indicate
the shortest route between the two sites. The analysis of
the networks was carried out on a particular pattern and
the structure of the network was designed using Arc
View. The raster-based images must be georeferenced
before they can be employed in a GIS application.
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However, numerous relatively little images may be
present, and they can be combined together to form a
single image for use in further examination. It is
necessary to establish a geo-database in ArcGIS, which is
subsequently further separated into datasets. The feature
categories, which comprise of two classes —points and
roads—are used to segregate the datasets. In order to
identify the locations, modify and develop the road
network, data and photographs are currently being added
to the Arc MAP [9]. It is also conceivable to demonstrate
the establishment which can be closest to any specified
location. In terms of facilities, the most nearby ones are
the hotel, bus station, hospital, etc. The city bus routes
can be viewed using the application [10].

The high-resolution IKONOS remote sensing in addition
to auxiliary data were used in the ArcGIS application for
generating thematic maps. The network evaluation was
conducted on a line theme and the topology was
constructed using Arc View. Similar to other GIS
applications, Arc View incorporates graphical
components representing attribute data to a database [7].

The fundamental data for the implementation of GIS in
road network research emanates from the 1:2000 scale
map of the Indian assessment. In order to digitize the
map, it was further scanned. Numerous control points
were selected and their geographic coordinates have been
obtained for mapping using a Global Positioning System
(GPS) device. While the map was being digitized with
ArcGIS software, attributes and labels were included. An
examination has been performed on the bus routes.
subsequently the primary data's digital transformation, a
network assessment determination was finished. ArcGIS
software has been employed for accomplishing this
assignment. It facilitates the creation of the shortest
possible path between multiple points of interest in
addition to route tracing. A GPS receiver and GSM
modem with microcontroller interface had been
embedded in each bus. The intention of both of these
gadgets was to transmit communications to the control
station, meanwhile a modem or cell phone gathered and
transmitted information to the computer. The application
written in Java was created for analysing and storing data
in a database. Afterwards, making use of Visual Basic,
the database's coordinates were plotted on a map for
showing each bus's location [11].

Two components of a different system design were
separated: spatial and non-spatial data. The Maharashtra
State Remote Sensing and Application Center (MRSAC
Nagpur) and the Survey of India (SOI) contributed the
base maps (1:50,000 scale) that were used when the
spatial data investigation was performed. Afterwards the
digitization of this row data, the IRS satellites'
Panchromatic (PAN) and Linear Imaging self-scanned
sensor (LISS) had been employed to refresh the

information. Maps generated by the Survey of India were
georeferenced to the PAN information. A comprehensive
ground assessment had been carried out in order to verify
the present condition of the road. The spatial data layers
are required to have non-spatial information
characteristics associated with them. The software
application was created and developed using Power
Builder as the front-end tool and MS SQL as the back-
end tool to perform the entry of data and attribute
storage. The GIS interface has been customized by
implementing ESRI Arc View [12].

The satellite imagery and topographic data downloaded
from Google Earth were georectified using ArcGIS9.2.
In ArcGIS, the polygon was used to digitize the
boundaries of an area, whereas the polyline was utilized
for roads. ArcGIS was incorporated for determining the
overall length in kilometers and the area in square
kilometers. Vinod et al. (2003) employed the Beta Index,
which was initially developed by Kansky (1963) and
used for evaluating the road's connection. The number
of road intersections are the nodes in the present
scenario, and the connections (straight lines) between the
nodes and straight lines are the arcs. The roads' degree of
connectedness is determined using this beta index [13].

Several additional connection approaches include the
Beta, Gamma, and Alpha indexes. The actual humber of
connections divided by the maximum number of circuits
is known as the alpha index. The ratio of the network's
actual edge count to its maximum feasible edge count is
known as the gamma index. [14][15] The sum of all the
shortest paths between any two places (apex or vertex or
node) within a specific region or circuit is commonly
referred to as the Shimbel index. [15]

An indicator of a node's improved accessibility is their
reduced STD value. The additional methodology,
Weighted Average Travel Time (WATT), determines a
node's prominence throughout the road network. The
node's location throughout the road network is connected
to its WATT value. Economic indexes or population
density measurements may also be employed for
determining it. A weighted as well as normalized index
has been generated to evaluate the connectivity of road
nodes by employing ESRI Corporation's ArcGIS and the
Microsoft .Net framework. [16]

The state transportation authority is able to benefit from
a system that determines the most efficient path for
travelers with the objective to reduce the amount of time
and distance traveled among numerous points. During
performing network analysis on each route throughout
the network, the impedance measurements become
essential. An impedance value serves as essential for the
ideal route assessment perspective since it prioritizes
roads. Although there are a number of various kinds of
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impedances, speed impedance is especially important
considering the perspective of shortest time. It indicates
that different kinds of road networks have experienced
different limitations on speed. Additionally, the turn
impedance at a road intersection can be beneficial to
determine whenever a U-turn, right turn, or left turn is
permitted. [17]

The evaluation of networks in Arc GIS identifies a road
classification, such as one way or two ways, using
impedance values. A different approach for digitizing
paper maps is to use a video camera interfaces and a
frame grabber card to scan the maps. The map was
created with Frame Grabber program and produced in
JPEG format. The raster has been transformed to digital
form using the Autodesk GIS tool MAP, which makes it
possible for the digitization of line segments, points, and
polygons. Furthermore, the MAP utility comes with a
built-in database utility and an option referred to as Link
Path Name (LPN). This generates the relationship
between the graphic file and database. Unfortunately,
there is no technique to figure out the shortest path
between two places; nevertheless, Moore's approach can
be employed when creating a program in C or any other
language that allows for programming. [18]

3. STUDY AREA:

Meerut, Uttar Pradesh, India, is precisely situated at
latitude 28.984644 and the longitude is 77.705956.
Meerut, Uttar Pradesh, India is located at India country
in the Cities place category with the GPS coordinates of
28°59'4.7184" N and 77° 42' 21.4416" E.

Uttar Pradesh

Figure 1: “Map of the Study Area”

The city of Meerut and the surrounding region occupy
450 kmz2. In accordance with Meerut Nagar Nigam, the
town has been separated into 90 wards.

4. OBJECTIVES:

The state transportation department is able to benefit
from a method that determines the most effective path
for travellers in order to reduce the amount of time and
distance that is travelled between numerous points.
While accomplishing network examination on each route
within the network, the impedance values are essential.
An impedance value serves as essential for the most
effective route assessment perspective as it emphasizes
roads. Although there are a number of different varieties
of impedances, speed impedance is more significant
from the perspective of shortest time. It demonstrates
that numerous types of road networks have experienced
different speed limits.

5. TECHNIQUES FOR NETWORK ANALYSIS:

Numerous methodologies have been implemented in the
Transportation Network, and several approaches for
characterization exist [19]. The methodologies used to
obtain network analysis are listed below:

5.1. Connectivity
5.2. Circuitry

5.3. Accessibility
5.1. Connectivity

Several research investigations have been carried out in
the domain of transportation analysis, and the majority of
these studies concentrate on path analysis, such as
determining the most convenient

route and closest facility. Additionally, significant
improvement has been conducted on the network's
connection and accessibility.

There are several different kinds of techniques, and each
one has an individualized formula for an assortment of
functions; those selected strategies are displayed in
TABLE.1. [14][19] [20]. The objectivity of the
investigation determines which network analysis
methodology has to be performed.
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TABLE.1 Connectivity Indices

;I; Index Name | Formula Where Purpose
b—a—+1 b = Number of Boundaries It is a ratio of boundaries to the
1 Alpha Index | a= a5 B ber of number of maximum apexes in the
20 = a = Number of Apex network.
b b = Number of Boundaries It measures the connectivity
2 Beta Index £ = o relating the no. of boundaries to the
L a = Number of Apex
no. of apexes.
Gamma b b = Number of Boundaries It is a ratio of actual no. of
3 Index 7= 1 —9 B ber of boundaries to the Maximum
- a = Number of Apex possible no. of apex in the network
4 Network ND = L L = Total Network Length It determines the expansion of the
Congestion ] A A =Total Network Area Network.
4 L(G) = Summati fall
- L(G) @ > 10n.s ora It evaluates the network's average
5 Eta Index n=—- Apex in the network
b ) boundary length.
b = Number of Boundaries
I | = Total Length of Network | It is an association between the
6 Pi Index 1= D D = Diamet network's diameter and overall
= Diameter

length.

7 Theta Index f =

a a = Number of Apex

measure the function of an apex,
which is the average amount of
traffic.

Such types of methodologies are employed when
examining two or more networks in tandem. Comparing
two networks, such as determining the network offering
more connection and accessibility. Recognizing
fundamental utilization of land is not sufficient to
comprehend urban structure; one also has to comprehend
the relationship between networks, accessibility,
congestion and movements. The term "connectivity" in
transportation network evaluation corresponds to the
associated quantity between nodes within an individual
network, which allows for an investigation of the
structure of the network [20]. The data presented in this
the extraction is significantly more informative when
analyzing the transportation network. In the domain of
network analysis, there are multiple classifications, but
the connectivity category is the most beneficial since it
has a wide range of index categories, all of which have
an identifiable significance. The Alpha, Beta, and
Gamma index estimate a transportation network's
fundamental properties. Road networks (lines) and
intersections

(nodes) are essential for the calculation of the
connectivity index. These indexes can be significant

when applied to traffic examination and identification of
modifications systems in the architecture of networks.
[19] [20].

The ratio of circuits to the total amount of connections
that might be present in the network is commonly
referred to as the Alpha Index for interconnection. It

provides a variety of values between 0.0 and 1.0; the
higher the index value, the more strongly connected the
network is to the other nodes in it. A measurement that
fluctuates 0%, which indicates the lack of networks, to
100%, which indicates an entirely connected network
[19] [21]. In the occurrence while the value is 0.0, there
are just nodes and no arc. Its value fluctuates between
0.0 and 1.0 and above in cases when the network is
strongly connected [21].

The actual number of connections in the network divided
by the maximum number of possible edges is commonly
referred to Gamma Index. It indicates that there is no
connection between any of the nodes while its value is
0.0, and there is a maximum number of connections with
a direct connection to all nodes whenever it is 1.0.

The Network Improvement is determined by Network
Traffic. Comparing two, three, or more regions or
subregions is significantly more efficient. It can
additionally be used in a modification detection
mechanism to figure out whether or not any new
developments have occurred. This leads to a density of a
kilometer per square kilometer.

The average edge length in the network and the speed of
the traffic network are measured in tandem employing
the Eta index. It requires the overall number of edges in
the network as well as the sum of all of the edges. The
eta index will decrease whenever a new link gets added
since the average number of connections per link will
drop [22].
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The relationship that exists between a graph's diameter
and its overall length is commonly referred to as the Pi
Index. It is relevant to additional aspects of the network
of urban transportation. Because of its resemblance to the
actual PI (= = 3.14) quantity, it has been referred to as Pi.
Whenever the value is high, it indicates that the network
is sophisticated. It is a metric indicator of a network's
architecture and the measurement of distance per unit of
diameter [22].

The average volume of traffic at every intersection is the
Theta Index, which is wused to determine the
characteristic of an apex (vertex). Theta index values are
high in association with rich network congestion.

5.2. Circuitry

In transportation investigation, circuitry performs an
essential role since circuits are employed by numerous
components to encompass a significant region in a single
direction. The ratio of network length to the Euclidean
distance is recognized as the circuitry. Three different
kinds of distances are capable of being measured in
transportation using GIS: Manhattan distance, Euclidean
distance, and network distance. The Manhattan distance
is not often taken into account when conducting research
on transportation. The airline distance that runs from the
starting point to a destination is frequently referred to as
the Euclidean distance. Network distance is the real-time
representation of the movements from the starting point
to a destination and it is frequently determined using the
shortest path.

5.2.1. Detour Index

The technical description of it is the ratio of the distance
from the source to the destination point through the
shortest possible route to the Euclidean (straight)
distance [19] [22]. It evaluates a network connection's
performance. Although networks with a Detour Index
value of 1 are extremely rare, those that do indicate that
the network is more strategically efficient. While the
Detour Index may be employed for assessing the entire
town, it is much more beneficial when applied to specific
routes.

D

Formula: DI = T (1)

Where D = Straight Distance (km)
L = Network Distance (km)
5.3. Accessibility

This transportation investigation demands significant
computation and encompasses geographical and
socioeconomic variables with exhaustive information.
The gathering, handling, as well as assessment of both
spatial and non-spatial data represent accessibility
assessment [23] [24].

5.3.1 Shimbel index

It evaluates connectivity through adding up all of the
shortest path lengths between any two places (apex or
vertex or node) within an identified region or circuit.
[19] [20] [22] [23].
.l L Ty
Formula: A. = Z_; _ ]H’r.f (2)

i

Where Ai = degree of a node
dij = connectivity between node i and node j
(either 1 or 0)
n = number of nodes.

6. EXAMINATION OF THE ROAD
TRANSPORTATION NETWORK

Remote sensing results are almost consistently
incorporated into GIS inputs. In addition to gathering
information from remote sensing, GIS can additionally
acquire statistics through maps that have been scanned or
toposheets.  Although there are many possible
implementations for remote sensing and GIS, they are
primarily divided into four broad categories: agriculture,
urbanization, national security, and natural resource
management. But the technique adopted for the present
research just focuses urban transport studies. Fig. 2
demonstrates the technique procedure in all of its stages
as a flow chart [25]. The appropriate information should
be gathered during the first methodological phase. This
information might contain 1:50,000 topographic sheets,
high-resolution satellite images, and aerial photographs.
If Toposheets have been identified, they should be
scanned at the recommended resolution. In order to
digitize each characteristic in a number of layers, it
should be accomplished by employing an appropriate
zoom magnification. Conduct a GPS assessment in order
to locate the optimum number of ground control points
(GCP) associated with each Area of Interest (AOI) on
well-known routes as well as significant locations
throughout the next phase. It is mandatory to execute
image-to-image registration if there is another registered
image. If there exists an administrative boundary, the
region you've selected should be cropped in accordance
with it. A lot of time, we mosaic the region we have
chosen because it is not on a single toposheet or picture.
As an outcome, the resolution is adjusted to a length of
+/-5m.
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Figure 2: Transportation Network Investigation
Methodology

Using Geographic Information Systems (GIS) software,
you can examine all the spatial and attribute information
on administrative/constitutional borders, utilization of
land, transportation stops, highways, and various other
features. Additionally, software examines the network'’s
structure to ensure that errors may be minimized using
ArcGIS topological guidelines, ensuring significant data
accuracy that can be utilized to perform further
processing. Network analysis becomes more significant
because when it completed, the data may be employed
for a variety of purposes such as index computation, tour
analysis and for determining the shortest route etc. Road
generalization should be accomplished because even
once networks (roads) have been determined with the use
of a GIS tool, the information remains unsatisfactory for
network analysis. The topological rules in the ArcGIS
environment need to be implemented after the
generalization process. All errors can potentially be
eliminated once the topological rule has been performed
effectively. This network is now ideal for the
examination. This layer should be employed for building
a network junction and data set. This will provide the
total number of edges and total number of vertices in the

network that you have configured. The Network Analysis
Index can possibly be calculated after that. ArcGIS is a
significantly more capable remote sensing and
geographic information system software compared to the
other alternatives that are available. In order to figure out
the shortest path, software additionally provides network
analysis techniques. The research's result can provide
graphical outcomes for the most frequently asked
questions. It additionally may produce an outcome which
incorporates both spatial and non-spatial data.

7. CONCLUSION

Larger cities are more accessible because their
transportation networks are more interconnected. The
Alpha, Gamma, and Beta statistics probably the most
efficient among the several network analysis indices. The
connectivity ratio can be determined by the beta index,
which may be employed by city planners to figure out
which regions have less connectedness by computing this
index of connectivity. The zone-wise (or ward-wise)
congestion in the networks of any metropolitan area can
additionally be evaluated. For an assessment of the
progress of each region, it can be more efficient to
compare numerous city wards, or zones. Road networks
that have substantial gamma coefficients are designed in
a way that improves redundancies when determining
routes within the framework of city planning. The Alpha
Index is not an accurate representation of the degree of
being connected within the road network; however, the
Gamma Index compensates for this shortcoming.
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