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1.  Introduction

Ambulances are the specialized vehicles equipped with 
life supporting system which caters to the needs of sick 
and injured people. In geographically remote areas, lots of 
valuable human lives could not be saved after accidents/
incidents due to non-availability of Emergency Response 
Service (ERS) in time. It is observed that the ambulances 
of government/private hospitals are either deployed in 
front of the premises or in urban areas. In order to take 
maximum benefits from this service it becomes very 
essential that these vehicles reach the given destination at 
the earliest possible.

There are many shortcomings in the existing structure 
of ERS and have been studied in literature. Significant 
investment is required for the effective utilization of 
emergency services. Various approaches are referred 
for concluding the improved levels of competence and 

upgraded coordination system between the emergency 
service providers. There is a need to devise improved 
logistics. Some factors like coverage of rural areas, 
ambulance fleet location, dynamic redeployment, 
effective services, response time, coordination amongst 
members etc. are discussed in detail. From March, 2011 
Punjab State’s Department of Family Welfare & Health 
has extended ERS to all the citizens of the state free of 
cost at all times. It is a three phase scheme in which 240 
ambulances are positioned across the state. The number 
of ambulances under this scheme are based on the 
population, with one ambulance covering 0.12 million 
citizens1. The state occupies 50,362 square kilometers of 
land2 as shown in Figure 1. In order to provide a better 
ERS in the State, the positions for ambulance deployment 
across the state is a major factor which effects the response 
time. The response time in this scheme is 20 minutes for 
urban and 30 minutes for rural areas.
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In1 discussed about the incoming demands according 
to the space and time distribution. The role of transport 
activities and ambulance response time is significant for 
effective allocation of ambulances. The solution to the 
problem was developed by making use of modeling and 
simulation respectively.

In2 used the facility location algorithm for carrying 
out study on selection of permanent sites of ambulance in 
Texas City. A contiguous zone search routine is framed to 
capitalize on availability of huge data base of zone travel 
times. This algorithm permits systematic evaluation 
of system performance directed at improving average 
response time. This simulation model is combined with 
heuristic search routine which further permits degree 
of model realism. The heuristic search routine selects 
the location desirability for evaluation. A final analysis 
is done to the set of joint use sites identified in priority 
order, 12 locations for EMS vehicles needs to be phased in 
five year period time. 

In3 in 1978 studied EMS. Observations are laid to 
know how the services to be provided, who will provide 
and by what equipments and locations. The average 
response reduced through the service calls have increased 

and equitable service is rendered to those who need it the 
most.

In4 examines for Bangkok City and developed 
deployment policies for ambulances. A model to screen 
the possible alternatives for selecting good solutions is 
used. A detailed simulation analysis is then subjected on 
each good solution. A new deployment policy is framed 
providing some existing performance levels but with 
lesser number of ambulances.

In5 adapted the problem formulation according to 
the requirements. A number of sub problems originated 
from original problems which need an easier solution and 
proved intelligible to management.

In6 proposed an algorithm for the purpose of 
maximizing deployment. It is also used to for ambulance 
coverage as well as for fire coverage. It included two 
constraints; one is the number of vehicles and other 
solutions of both problems. A new integration concept 
can be framed to allow ambulance stations to be sited. It 
also concludes budget level. The coverage of ambulances 
can be increased. Sometimes, there may be a little loss or 
may be no loss in fire coverage.

In7 developed Maximal Availability Location 

Figure 1.    Geographical Map of Punjab.



R. S. Uppal and Shakti Kumar

Vol 9 (13) | April 2016 | www.indjst.org Indian Journal of Science and Technology 3

Problem and related it with probabilistic approach. The 
randomness feature of server availability is introduced in 
MALP. Queuing theory is related further for relaxing the 
assumption for getting more realistic emergency model. 
Formulations and computations are done with time or 
distance by using queuing model for server availability.

In8 provide a brief summary and outlined a case 
study “Report of the inquiry into the London Ambulance 
Service” was considered for discussion as bridging 
different contributions.

In9 proposed a model for double coverage ambulance 
location problem. A solution was obtained by developing 
Tabu search heuristic providing computational results 
using both real data and randomly generated data.

In10 studied emergency medical system implemented 
in Brazilian. The main focus is on the response time of 
emergency medical system. For assessment of system 
performance, the hypercube model is used. The hypercube 
model a tool for servicing based on queuing theory. The 
outcome proved that model is effective for operation 
decisions.

In response time is an applicable measure to make an 
Emergency Medical Services (EMS) better. Ambulance 
travel time is alternate to response time. It is a common 
practice. An overview is presented for the EMS travel 
time and travel distance. The purpose of the research is 
to develop an appropriate model to satisfy the services of 
ambulance in Island of Penang.

In11 proposed a technique to deploy or locate the 
ambulances to fixed location points to achieve the goal 
of having less response time to emergency calls. Erlang 
loss based models are used to solve the problem. The 
experiments performed on the first model give results 
that how the ambulance allocations can be modified. The 
second models results are compared with the results of 
A-hypercube model. These models are used as tools to 
identify optimal allocations. 

In12 presented Emergency medical service providers 
to manage the ambulances for minimizing the response 
time. First approach that assists in decreasing response 
times is ambulance allocation. It is analyzed that the ADP 
(Adaptive Dynamic Programming) policies are much 
better than other static policies. These are better than 
near-optimal static policies. 

In13 deals with main problem in EMSs management 
which is the allocation and reallocation of emergency 
vehicles. This article explicitly considers the redeployment 

of vehicles, ambulances – based on cyclic changes in 
service demand (e.g., based on population movements 
during the day from residential areas to the workplace 
and vice-versa). A multi-period is introduced to take 
into account such service demand changes. The vehicle 
deployment plan is chosen to simultaneously maximize 
coverage and minimize vehicle relocation between 
periods. A mathematical model is proposed that allows 
small to medium instances of the problem to be solved. In 
order to tackle large instances corresponding to real-life 
situations, two heuristic approaches are proposed. Finally 
the performance is evaluated using a set of randomly- 
generated instances.

2.   Ambulance Deployment 
Problem

The Punjab state’s earlier approach of ERS was based 
upon the population. The new soft computing approach 
proposes that every Rural and Urban geographical 
location of state has to be covered with at least one 
ambulance by optimizing the deployment pattern of these 
ambulances. The geographical dimensions of the state 
of Punjab are from 29o32’ to 32o32’ North and 73o55’ to 
76o50’ East having total area of 50,362 Square Kilometers. 
This area is divided into 8 sectors18, 19.

Figure 2.    Map of Punjab with Sector I.

.

Each sector is measured with respect to longitude and 
latitude. With the reference to Sector I as shown in Figure 
2, the longitude and latitude is shown below in Table 1.
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Table 1.    Longitude and Latitude of Sector I
Sector No. Area (km2) Longitude  Latitude
One 22134.71 74.66 31.06

76.36 31.06
76.44 29.99
74.66 29.99

The problem is to determine the optimal positions of 
the deployment of ambulances in various sectors across 
the state.

3.  Soft Computing Algorithms

3.1 Proposed Solution
The total area of the state is assumed into two dimensional 
grid of 210 kilometer X 240 kilometer. In this two-
dimensional grid G,, n set of ambulances such as S = {S1, 
S2…………..,Sn} is to be deployed at n different positions 
having coordinates (xi, yi) where i=1,2,3,….., n so that 
each and every geographical location of the state is in 
the coverage of at least one ambulance. To compute the 
position coordinates of ambulances in every sector, soft 
computing technique is proposed15-17.

 3.2 Pseudo Code of BBBC Algorithm14, 15
Begin

      /* Start (Big Bang Phase) */

Generate a random set of NC candidates (population)

     /* End of Big Bang Phase */

 While not TC /* TC is a termination criterion */ 
Calculate the fitness of all the candidates;
Sort the population in increasing order on the basis of 
fitness;
/* Start (Big Crunch Phase) */
Calculate value of Xc (center of mass) using following 
Equation;
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Where Xc  is the location center of mass; Xi is location of 
candidate i; fi=  fitness of candidate i;

/* End of  Big Crunch Phase */

Calculate new positions of candidates by using  Equation 
;
Xnew = Xc + l (rand) / k                                                           (2)
Where Xc is center of mass, rand stands for random 
value and k is the kth number iteration of the algorithm. 
Then new position of candidate is upper bounded and 
lower bounded.

End while
End

4.  Proposed Work

4.1 Mathematical Model
In this model, for a two-dimensional physical space, each 
ambulance range is considered as circle and is placed 
at the centre say (x, y) where x and y are coordinates of 
centre. The radius r of the circle is the coverage range of 
ambulance. Thus, the coverage area is πr2. In this two-
dimensional grid G, heaving area of 50,362 kilometer2, n 
set of ambulances such as S = {S1, S2…………..,Sn} is to be 
deployed at n different positions having coordinates (xi, 
yi) where i=1,2,3,….., n.

The area of overlapping between coverage of two 
ambulances i and j is represented by Aij and is calculated by 

( )2 1 22 cos 4
2 2
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2ij ij

d d
A = r r d
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Where, dij is the distance between the ambulance i and 
ambulance j and is calculated by
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The area of overlapping of every ambulance with the 
other (n-1) ambulances is represented in the form of 
square matrix of order n called the Area Matrix as shown 
as below:
Area Matrix (AM) =  11 12 13 1
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5.  Simulation Results

We implemented the proposed approach using 
MATLAB16, 17. The total area was divided into 8 sectors 
in which coverage radius for each ambulance was 8.5 
kilometers. BBBC algorithm was run with 500, 1000 and 
10,000 iterations with a population size of 20. The plot of 
coverage area vs iteration of proposed approach is shown 
in Figure 3. Physical parameter values used in simulation 
and optimal coverage are listed below in Table 2.

Figure 3.    Coverage Area of the deployment vs 10000.

6.  Conclusions

The paper proposes a new soft computing based approach 

for ambulance deployment. This technique allows us to 
cover the entire state of Punjab which is divided into 
8 sectors with the fleet of 236 ambulances providing 
a coverage radius of 8.5 kilometers by an individual 
ambulance. The proposed BB-BC (Big Bang Big Crunch) 
optimization technique is based on the concept that each 
and every location of the state lies in the coverage of a 
single ambulance. The approach has been verified and 
tested on MATLAB.  
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