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Abstract: The problem of identifying the shortest path along a road network is a fundamental problem
in network analysis, ranging from route guidance in a navigation system to solving spatial allocation
problems. Since this type of problem is solved so frequently, it is important to craft an approach that is
as efficient as possible. Determination of optimal path in a time-dependent transportation network is a
challenge. Our main endeavor is to create a GIS based transport system which assist fastest, shortest
and safest route to reach hospitals within Allahabad city. In this research Arc GIS 9.3, Network
Analysis tool which is based on Dijkstra’s algorithm has been used to find out the shortest and fastest
path to reached SHIATS to different Hospital at Allahabad.
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I. Introduction

Path optimization for hospitals is an important and challenging assignment because hospital
transportation needs to be safe, reliable and efficient mode of journey. Transportation of a patient to emergency
hospital seems quite simple but in actual it is quite difficult and gets more difficult if shortest path of hospital is
unknown. Therefore determining the optimal path in a time dependent transportation network is challenging
task. Minty (1957) suggested a format for solving the shortest path problem using a network represented as a
web of strings and knots. Ford (1956) developed an algorithm to solve the shortest path problem in the presence
of some negative arc lengths. In 1959 Dijkstra followed the work of Minty and Ford and suggested an algorithm
for finding the shortest path.

The algorithm of Dijkstra remains to this day one of the best approaches for optimally solving the
simple shortest path problem where all arcs have nonnegative lengths (Zeng and Church, 2008). Network
analysis in geographic information system (GIS) provides good decision support for users interested in shortest
or optimal route, finding the nearest facility and determining the service area. Searching shortest or optimal path
is an essential analysis function in GIS. It is also one of the most important functions in GIS network analysis
(Pahlavani. P, Samadzadegan. F, et al. 2006). Geographic information system has not only made it easy but
powerful tool for the analysis of both spatial and non-spatial data for solving important problems of transport
networking.

The main characteristics of GIS that differentiate from other information systems are its spatial data
and geo-statistical analyses (Li et al 2002, Alivand et al 2008).

1. Study Area
Allahabad is among the largest cities of the state of Uttar Pradesh in India. The study area is located in
the southern part of the state, at Latitude 25°45" N and Longitude 81°85"' E and stands at the confluence of the
mighty rivers, Ganga and Yamuna. It has an area of about 65 km? and is 98 m/340 ft. above sea level. The
geographical location map of study area is shown in Figure 1.
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Fig.1 Location map of study area

I11. Materials And Methods

Survey of India (SOI) topographic of 1:250,000 and 1:50,000 scales, Google earth data (11.4), LISS-I1V
data (5.8m), GPS has been used to extract information of road network and location of hospital. Database has
been prepared in GIS domain which is not only makes easy to process, analyze and combine spatial data but
also make it easy to organize and integrate spatial processes into larger systems that model the real world.
ArcGIS Network Analyst tool has been used in this study to find out the shortest and fastest route to reach the
hospitals from SHIATS. Network Analyst tool allow users to dynamically model realistic network conditions,
like turn restrictions, speed limits, height restrictions, and traffic conditions, at different times of the day
(Elizabeth Shafer 2005). ArcGIS Network Analyst based on the well-known Dijkstra's algorithm for finding
shortest paths.

Dijkstra's algorithm

Dijkstra's algorithm, named after its inventor, has been influential in path computation research. It
works by visiting nodes in the network starting with the object's start node and then iteratively examining the
closest not-yet-examined node. It adds its successors to the set of nodes to be examined and thus divides the
graph into two sets: S, the nodes whose shortest path to the start node is known and S, the nodes whose shortest
path to the start node is unknown. Initially, S’ contains all of the nodes. Nodes are then moved from S’ to S after
examination and thus the node set, S, grows. At each step of the algorithm, the next node added to S is
determined by a priority queue. The queue contains the nodes S’, prioritized by their distance label, which is the
cost of the current shortest path to the start node. This distance is also known as the start distance. The node, u,
at the top of the priority queue is then examined, added to S, and its out- links are relaxed. If the distance label
of u plus the cost of the out- link (u, v) is less than the distance label for v, the estimated distance for node v is
updated with this value. The algorithm then loops back and processes the next node at the top of the priority
queue. The algorithm terminates when the goal is reached or the priority queue is empty. Dijkstra's algorithm
can solve single source SP problems by computing the one-to-all shortest path trees from a source node to all
other nodes. The pseudo-code of Dijkstra's algorithm is described below.
Function Dijkstra (G, start)
1) d[start] =0
2)S=0
3)S'=VeG
4) While " £ @
5) dou=Min (S")
6) S=SU{u}
7) for each link (u, v) outgoing from u
8) do if d[v] > d[u] + w (u, v) // Relax (u, v)
9) then d[v] = d[u] + w (u, v)
10) Previous[v] = u
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V. Result
There are ten Veteran Hospitals at different location of Allahabad city, has been taken for this study.
Viz: Chiranjeev Hospital, Jeevan Jyoti Hospital & Arpit Test Tube Baby Centre, Swaroop Rani Hospital, Srijan
Hospital, Yash Hospital, Heartline Hospital, Nazareth Hospital, Tej Bahadur Sapru Hospital, TLM Community
Hospital & Parvati Hospital. Distance and time spend to reach these hospitals from SHIATS has calculated
using ArcGIS Network Analyst tool which is based & directed by Dijkstra's algorithm. The detail of total time
consumption, distance of each hospital from SHIATS and shortest Path followed has been shown in Tablel and

figure 2(a) to 2(j).

Table 1: Total Time taken & Total Distance from: SHIATS to different Hospitals

TIME
S _NO SOURCE DESTINATION TAKEN DISTANCE
SHIATS NAINI CHIRANJEEV
1 |aLLAHABAD HOSPITAL 8MIN — 5.7KM
SHIATS NAINI JEEVAN JYOTI
2 |ALLAHABAD HOSPITAL OMIN — [7.4KM
SHIATS NAINI SWAROOP RANI
3 |ALLAHABAD HOSPITAL 12MIN — 18.4KM
SHIATS NAINI
4 ALLAHABAD SRIJAN HOSPITAL 16 MIN 8.9 KM
SHIATS NAINI
5 ALLAHABAD YASH HOSPITAL 16 MIN 10.6 KM
SHIATS NAINI HEART LINE
6 |ALLAHABAD HOSPITAL 16MIN  [10.8KM
SHIATS NAINI NAZARETH
! ALLAHABAD HOSPITAL 15MIN 9.6 KM
TEJ BAHADUR
8 [ AARAD, SAPROO HOSPITAL |17MIN  [10.8KM
(BELY HOSPITAL)
SHIATS NAINI TLM COMMUNITY
9 |ALLAHABAD HOSPITAL 04MIN 24 KM
SHIATS NAINI
10 ALLAHABAD PARVATI HOSPITAL |12 MIN 7.8 KM
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Fig.2(a) SHIATS to Chiranjeev Hospital Fig.2(b) SHIATS to Jeevan Jyoti Hospital
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Fig.2(e) SHIATS to Yash Hospital

Fig.2(f) SHIATS to Heartline Hospital
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Fig.2(g) SHIATS to Nazareth Hospital Fig.2(h) SHIATS to Beli Hospital
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Table 2: Observed Vs Estimated Time
Observed Vs Estimated Time
Calculated Estimated (H ospital)
Time(Min) Time(Min)
18
12 8
16 ¢
13 10 v 14
£
15 12 e 12
T 10
18 16 3
& 38
16.2 16 2 =6
(-] = -
182 16 S a Py y =0.980x- 1.707
5 R2=0.907
17.2 15 0
17.36 17 0 5 10 15 20
5 4 -
Observed Time
13 12

Figure 4.b Observed Vs Estimated Time regression

V. Conclusion

Optimal path finding in road networks is one of the most important analyses in GIS. Traffic congestion
changes in road networks both in space and time; so, the solution is affected by time in addition to location. The
cost of traveling is changing continuously due to traffic variants. So, it is inefficient to use static approaches for
calculating the optimal path in dynamic networks. However, this study addresses the problem of determining
shortest path in traffic networks, in Allahabad city. The research has developed a hospital routing from SHIATS
in Allahabad, Uttar Pradesh. The study helps the Hospital transportation management to design shortest and
fastest routes which will result in decreasing the fuel consumption and save time. Also this study proposes a
routing system which is based on the integration of ArcGIS and road distance. Using ArcGIS Network Analyst
tool based on Dijkstra's algorithm is user friendly interface which allows the visualization of the road map and
traversal of shortest route between two selected junctions. Results of these studies show that these technologies
may be very useful in space-time for solving shortest path problem. Although it is possible to determine the
fastest & shortest route using GIS based network analysis but it not always work as link on a real road network
in a city tends to possess different levels of congestion during different time periods of a day.
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