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Abstract
Starting from the past or medieval period to the present day situation, history clearly indicates that the development of 
a region was and even today is function of a good transportation network. In the present day, society demands for an 
efficient and unobstructed road network after experiencing major issues or problems like traffic congestion, delay, pol-
lution, increased vehicle operating cost and road accidents. Keeping in mind the above needs and constraints to traffic 
movement, an analysis of a digitized road network of the concerned city/town can be one of the best remedy to solve 
the problems. Such analysis is best suited in ArcGIS, Geographic Information System (GIS) software for creating, analyz-
ing and compiling maps for obtaining information. In the present study an effort was made to prepare a road network 
map of Guwahati city and to find the shortest route between two places by proper analysis and digitization of its existing 
road network system in order to solve the traffic related problems to great extent. Network Analyst is a special analysis 
tool in ArcGIS which not only scrutinize the closest facility available in network of digitized interconnected lines but also 
facilitates in optimizing route during floods and emergency responses. One of the best models that can be generated 
through Network Analysis is the shortest route between required origin and destination points. The analysis is done 
based on input of certain network attributes like traversing distance, time and cost of travel, barriers, vehicle restrictions 
etc. All the important roads connecting each other within the Guwahati City were digitized in the GIS environment and 
proceeded further to serve the purpose.
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1  Introduction

The Indian highway network (IHN) is one of the busiest 
road networks in the world, constituting 2% of all roads in 
India but handling 40% of the total road traffic as of 2010 
[1]. Traffic congestion occurs in certain parts and stretches 
of roads in Guwahati. Inadequate parking space, exorbi-
tant bus, auto rickshaw, rickshaw and taxi fares, time-con-
suming and uncomfortable journey, frequent accidents 
are the causes and consequences related to traffic in the 
city. Flood inundation and water-logging problems are 
also faced in several ward of Guwahati Municipal Corpora-
tion area during the rainy season. Rapid urbanization with 

increased housing more rooftops, driveways, streets and 
other impervious or hard surfaces [2]. Hence to overcome 
the problems and to keep up sustainability, proper analysis 
of the present road network is very much crucial to help 
humanity to reach their destination with ease, reduced 
cost and time etc.

A GIS is an organized collection of computer hard-
ware, software, geographic data, and personnel to effi-
ciently capture, store, update, manipulate, analyze, and 
display all forms of geographically referenced informa-
tion. ArcGIS Network Analyst enables users to dynami-
cally model realistic network conditions, including 
turn restrictions, speed limits, height restrictions, and 
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traffic conditions, at different times of the day [3]. ArcGIS 
proved to be one of the most user friendly, effective and 
time-saving tools in the field of both traffic engineering 
and transportation planning.

2 � Methodology

For the network analysis of Guwahati City, a street 
basemap was added in ArcGIS software from the 
Google Earth satellite imagery and geo-referenced to 
get the co-ordinates. Geo-referencing involves image 
alignment in a co-ordinate system [4]. The study area 
is being enlarged to an easily workable scale as shown 
(Fig. 1).

Layers are the mechanisms used to display geo-
graphic datasets in ArcGIS. For the analysis, the lay-
ers were being categorized as major road (mainly the 
Highways) and minor road (city roads connecting the 
highways and other urban localities), lanes and by-
lanes in addition to wards. The table of contents lists all 
the layers on the map and shows what the features in 
each layer represent [5]. After successful creation, the 
base map digitization for each layer was done to form a 
skeleton of the prevailing road network. Digitization is 
process of making an electronic version of a real world 
object or event, enabling the object to be stored, dis-
played and manipulated on a computer, and dissemi-
nated over networks [6]. The entire GMC area is divided 
into 31 municipal wards and each municipal ward is 
further divided into 2, 3 or 4 Area Sabhas (subwards). A 

ward map was drawn as a layer over the Guwahati city 
based on the official GMC (Guwahati Municipal Corpora-
tion) map (Figs. 2, 3). 

3 � Analysis

Network analysis in GIS rests firmly on the theoretical foun-
dation of the mathematical sub disciplines of graph theory 
and topology. The most common and familiar implemen-
tations of network models are those used to represent the 
networks with which much of the population interacts 
every day: transportation and communications networks 
[7]. Routing is the act of selecting a course of travel, and 
it is arguably the most fundamental logistical operation 
in network analysis. Although network analysis in GIS has 
been largely limited to the simplest routing functions, the 
recent past has seen the development of object oriented 
data structures, the introduction of dynamic networks [8], 
the ability to generate multi-modal networks, and the use 
of simulation methods to generate solutions to network 
problems. There are, of course, many important network 
design problems that are very difficult to solve optimally 
due to their combinatorial complexity [9]. To allocate and 
provide urban facilities in an area with complex road net-
work, determination of the shortest route as well as travel 
demand (trips generated and attracted) from the facility to 
the concerned area is a must. Generating the shortest path 
between two locations in a road network is a problem that 
can be solved by various map services and commercial navi-
gation products [10]. There are several extremely efficient 
algorithms for determining the optimal route, the most 
widely cited of which was developed by Edsgar Dijkstra (in 
the year 1959).

The algorithm [11] is represented in brief as below:

where V is a set of vertices and E is a set of edges.
Dijkstra’s algorithm keeps two sets of vertices:

S the set of vertices whose shortest paths from the 
source have already been determined.

V-S the remaining vertices.

The other data structures needed are:
D array of best estimates of shortest path to each vertex
Pi an array of predecessors for each vertex

The basic mode of operation is:

1.	 Initial is d and pi.
2.	 Set S to empty.
3.	 While there are still vertices in V-S.

G = (V, E)

Fig. 1   Image showing the enlarged study area (Guwahati city) 
marked as red color (Google Maps 2018)
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Fig. 2   Road network map of Guwahati city drawn in ArcGIS software

a.	 Sort the vertices in V-S according to the current 
best estimate of their distance from the source.

b.	 Add u, the closest vertex in V-S, to S.
c.	 Relax all the vertices still in V-S connected to u.

Pseudo code for Dijkstra’s Algorithm:

Distance [s] ← 0 (distance to source vertex is zero)
for all v ∈ V–{s}
do distance [v] ← ∞ (set all other distances to infinity)
S ← ∅ (S, the set of visited vertices is initially empty) 
Q ← V (Q, the queue initially contains all vertices) 
while Q ≠ ∅ (while the queue is not empty)
do u ← min distance (Q, distance) (select the element 
of Q with the min. distance)
S ← S ∪ {u} (add u to list of visited vertices) for all 
v ∈ neighbors[u]
do if distance [v] > distance [u] + w(u, v) (if new shortest 
path found)
then d[v] ← d[u] + w (u, v) (set new value of shortest 
path)
(if desired, add trace back code)
return dist.

To run the analysis over the digitized road network, 
a network geo dataset was created which resulted in a 
layer consisting of the junctions and edges connected 
topologically to each other. Ward analysis was done 
using Intersection tool to get the statistics of all the cat-
egorized roads created as layers. The origin and destina-
tion points were selected to solve the network for deter-
mination of the shortest route and to serve the purpose 
of our study (Fig. 4).

An attribute table, tabular arrangement of meaningful 
data, of the digitized road network was generated to get 
the latitudes and longitudes (in degrees), road ID and 
name and the distances (in meters) between the junc-
tions (or origin to destination) (Fig. 5, Table 1).

4 � Results and Discussions

The results can be interpreted as follows:
Guwahati city has been divided into 31 main munici-

pal wards which are further subdivided forming a total 
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of 90 wards. From the ward-road network analysis, it has 
been seen that-

A.	 Ward 22C has the largest area (9.954 km2) and Ward 
12B has smallest area (0.103 km2). The 3 major roads 
pass through the 44 wards of Guwahati city out of 
which the ward 1B covers the maximum number of 
major roads (2) with a total length of 7.873 km. 48.88% 
of the wards have the major roads (Figs. 6, 7).

B.	 All the minor roads pass through 85 wards of the city 
out of which the ward 10A holds the maximum num-
ber of minor roads (9) with a total length of 4.554 km. 
The lanes and by-lanes cover up all the wards among 
which ward 6C has highest number of lanes (148) tra-
versing throughout with a total length of 37.305 km. 
94.44% of the wards have the minor roads.

C.	 Lanes cover up all the wards.

But when it comes to existing road density or the 
number of specific roads in all the wards, more than the 
half of the total wards (90 wards) doesn’t have sufficient 
roads. Such deficiency of road networks is mostly seen 
in the outer areas cum rural urban of the city including 
the rural villages. Limited roads and poor network is one 
of the reasons for traffic congestion. Traffic congestion 
leads to delay of vehicles, increased vehicle operating 
cost, increase in air and sound pollution, emission of poi-
sonous gases like Carbon Monoxide (CO), road accidents, 
warming up of surrounding urban area, human frustra-
tion leading to road rage etc. From the field survey, it has 
been observed that for feeder trips, both transit and Para 
transit use some other routes other than the shortest 
route as per GIS. The reasons are numerous like transport 
movement policy, poor pavement conditions, unaware-
ness of non-commuters etc. (Fig. 8).

Fig. 3   Ward map of Guwahati city
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A network analysis layer stores the inputs, properties, 
results of a network analysis and is always performed 
on network dataset. Network analysis in GIS rests firmly 
on the theoretical foundation of the mathematical sub 
disciplines of graph theory and topology. This paper is 
presented taking into account the route analysis layer 

Fig. 4   Junctions and edges of the digitized road network generated by network analyst toolbar in ArcGIS

Fig. 5   Image showing the attribute table of the digitized road net-
work of Guwahati city

Table 1   Statistics obtained on performing ward analysis

S. no. Description Results

1 Total no. of major roads 3
2 Total no. of minor roads 135
3 Total no. of lanes and by-lanes 4476
4 Total length of major roads (in km) 75.971
5 Total length of minor roads (in km) 919.499
6 Total length of lanes and by-lanes (in km) 1298.834
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and the analysis is based on real time network problems 
independent of the hierarchy (major roads, minor roads 
and lanes).GIS networks consist of interconnected lines 
(known as edges) and intersections (known as junctions) 
that represent routes upon which people, goods, etc., 
can travel. Network analysis helps in modeling as well as 
planning and management of moderate to heavy traffic 
routes. One common type of network analysis is find-
ing the shortest path between two points. Junctions (or 
nodes) and edges have certain attributes affixed to them 
which help in modeling. Edges and junctions are topo-
logically connected to each other-edges must connect 
to other edges at junctions, and the flow from edges 
in the network is transferred to other edges through 
junctions.

Determination of the shortest route between the ori-
gin and destination using the GIS Network Analyst will 
not only help the tourists or business entrepreneurs to 

access the tourist places or the trade centers with ease 
but it will also reduce cost and avoid traffic congestion 
resulting in less emission of pollutants. Dijkstra (1959) 
proposed a graph search algorithm that can be used to 
solve the single-source shortest path problem for any 
graph that has a non-negative edge path cost [12]. Net-
work attributes are properties of the network elements 
that control movement over the network and helps in 
finding the shortest route based on type of attribute 
such as distance, vehicle restrictions, turn restrictions 
etc. This paper presents the shortest route based on the 
assumptions that traffic congestions are not considered 
and the calculations are based on road distances (Figs. 9, 
10; Table 2).

D.	 To travel from Nepali Mandir, Paltan Bazar to the ISBT, 
Guwahati there are three relatively shorter routes, the 
distance and via of which are given below:

Fig. 6   Map showing density of major roads ward wise in ArcGIS
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a.	 via Lal Ganesh, Distance = 12 km
b.	 via Fayez Ahmed Road, Distance = 9.3 km
c.	 via Dhirenpara Road, Distance = 8.9 km

Division of the different types of vehicular road traffic 
into alternative shortest routes on the basis of operating 
characteristics and mileage performance of vehicles and 
proper revision of the transportation policy of the con-
cerned can tackle the traffic congestion.

5 � Conclusion

Thus Network Analysis is one of the most powerful tools 
to deal with the real time transportation problems. It is 
reliable, user friendly and efficiently solves the network 
problems. It has replaced the conventional methods of 

analyzing and saves lot of time and work. It emerged 
out as the helping hand in the field of transportation 
planning, origin and destination studies. It has high 
potentiality in analyzing the closest facility and service 
areas in a network. Ward analysis is a another easiest 
way to know the present density and number of roads in 
service which in turn would help in transportation plan-
ning keeping in consideration the various aspects. Infor-
mation about the shortest route would help the drivers 
and road users to save the transportation cost, time and 
avoid traffic congestions in commuter routes by divert-
ing the excess flow through less travelled shorter routes. 
Road structure improvement of the shortest routes by 
widening and imposing restrictions to parking would be 
a beneficial factor. Signal timing should be adequate for 
the intersecting shortest routes to serve maximum flow 
and avoid delay. Law enforcement should be strictly 

Fig. 7   Map showing density of minor roads ward wise in ArcGIS



Vol:.(1234567890)

Research Article	 SN Applied Sciences (2019) 1:906 | https://doi.org/10.1007/s42452-019-0907-4

implemented on such routes to maintain discipline 
and stimulate the urban development. Increasing the 
number of minor roads (provided those are shortest) in 
wards concerned depending on the demand for trans-
portation to-

1.	 Avoid congestion in the existing single routes.
2.	 Increase connectivity of the rural urban with the major 

road to avoid entry into the Central Business District 
(CBD).

As a whole, it can also be concluded that GIS has a 
lot of applications directly or indirectly in the field of 
transportation as the studies about the existing road 
network problems as their solutions can enhance the 
economy of a locality to a great extent. Implementa-
tion of the advanced technologies can be beneficial to 
maintain the sustainability and transportation related 
GIS tasks should be preferred for better output in 
future.

6 � Research and Development (R&D)

The work has been carried out considering distance as 
impedance. In many cases, it has been seen that, the 
shortest route in terms of distance doesn’t always mean 
the shortest one in terms of time. One of the prime rea-
sons is the huge flow of vehicles through the only short-
est route leading to time consumption. Further work 
with much improved accuracy and efficiency should be 
carried out considering time as impedance factor. Traffic 
Data in real time for different routes has to be obtained 
from Google maps. Google Maps Traffic uses GPS sig-
nal data from smartphones in order to sustain such an 
immense algorithm [13]. It calculates the speed of the 
users which helps in knowing the affected routes. The 
shortest route algorithm can preserve the travel time 
with 20–22%, depending on the travel distances [14]. 
Although finding the shortest route between two points 
might be a known case for the mass using the Google 
Maps, but it gives long range transportation planning 

Fig. 8   Map showing density of lanes and by-lanes ward wise
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solutions like determining the zones/areas where urban 
activities like shopping malls, schools/colleges, offices, 
industries, health centers, recreational centers etc., has 
to be established at a specific location depending on 
the travel demand and the availability of required class 
of roads to make accessible to the people within as 
well as outside the locality. Since there are many places 
around the globe where internet/mobile connectiv-
ity is either less or nil, the shortest route map becomes 

the replacement of Google Maps. In addition to that, 
research work can be carried out to determine the path 
for establishing higher modes of public transport like 
Light Rail Transit (LRT), Metro trains, Bus Rapid Transit 
(BRT) etc. Also, the choice of shortest route due to varia-
tion in traffic during different times of the day, seasons, 
climate, festivals etc., and during emergency situations 
like accidents, fire etc., can be studied.

Fig. 9   Image showing the shortest route between Khanapara old ASTC point to Jalukbari flyover point (shown by blue color) in ArcGIS
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