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Abstract—Fire station location problem is the problem of 

operation research and an efficient solution of that 

problem decides the best locations for allocating the fire 

station, so that  reduce the property damage, injured 

people and economical damage of the countrydue to fire 

accident. A solution of the problem has to allocate the 

fixed numbers of fire stations among given numbers of 

potential sites. The efficient location of fire stations may 

involve multiple objectives, some of which are possibly 

conflicting with several constraints. There are many 

algorithm have been proposed to solve the problem of 

multi objective fire station location. In this paper, the 

main focus is to study various algorithms have been 

proposed to solve the problem of multi objective fire 

station location problem.  

Keywords—Fire station, Multi objective 

otimization,GeneticAlgorith, Heuristic Algorithm. 

 

1.INTRODUCTION 

The multi objective fire station location problem is 

the one of the type of optimization problem which is 

the branch of operation research. An efficient 

solution of multi objective fire station is valuable, 

important and significant nowadays because 

itprevents a country from fireaccidents, 

infrastructure damage and finical damage.An 

efficient solution of the problem in that a 

mathematical model has to be proposed to minimize 

transportation cost and time. A number of case 

studies proved that the solution of problem to the 

strategic design of real life have been discussed in 

past, showing the growing awareness and 

importance that practitioners  are devoting to this 

area, the rapid evolution of computer and 

communications technology  has made possible the 

optimization of multi objective fire station location 

in real-world.  

Emergency services include police patrol, 

ambulances, fire protection, towing and emergency 

repair of gas, electricity and water so the solution of 

the fire station location problem can solve the above 

problem too. Fire service is conceived of as an 

organized public service having the primary 

objective of reducing the loss of life, wealth and 

property due to fires.  

 

2.  MULTI-OBJECTIVE OPTIMIZATION 

When a mathematical problem has more than one 

conflicting or non conflictingobjectivethose have to 

be maximized or minimized with several constraints, 

called as multi-objective problem. The most 

important concept that is necessary to understand the 

steps involved to formulate the efficient model for 

the multi-objective problem [1].  

Many insurance service companies give rating of 

cities according to their fire protection capabilities. 

Fire protection capabilities are the distance between 

customer sites and fire station. High rating cities are 

those which have shorter response time from the fire 

station.  Researcher believed that a multi-objective 

programming model is the best solution to solve the 

fire station allocation problem and it is a powerful 

technique that has found wide range of applications 

in many disciplines. Some of the early scientist 

proposed that first make the list all the objectives 

functions of the problem and then treat the problem 

as single-objective model by picking one of these 

objectives at a time. Now solve the resultant problem 

and repeat these steps with second objective as the 

single objective in the problem and make the list of 

all output solution at the last select the solution from 

all solutions obtained because that is “best” solution 

because it satisfy all the objective functions. This 

approach have at least two disadvantages, first, it 

converts the problem into a large number of linear 

programming problems that have to be solved 

increase the time and overhead. Second and most 
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critical is that the resultant solution as achieved at 

the end may very well not represent or solution that 

best not satisfies all the objectives. Thus, we 

required another approach that is more flexible, 

efficient, ease of use and easy to implement. 

 

3. HEURISTIC APPROACH 

Heuristic algorithm is most widely AI search 

technique which is rule of thumb. The term heuristic 

means to advice or past experience that is often 

effective, but is not guaranteed to work in every 

case. 

“Heuristic” derived from Greek root which has the 

meaning “to discover”.A heuristic is a procedure that 

may lack of proof but widely used in optimization, 

artificial intelligenceand providing very good results.  

 

4.GENETIC ALGORITHM 

Genetic Algorithm (GA), which is based on 

Darwinian principle. It is arobust, stochastic and 

widely used optimization techniqueused in 

computational models inspired by evolution. GA is 

also used to solve the multi objective fire station 

location problem. GA has been originally developed 

by Holland [8]. Selection, Crossover and Mutation 

are the main operator of GA.  

 

5. LITERATURE REVIEW 

According study proposed byReVelle et al. [17] they 

used numbers decision models for emergency 

facilities allocation problemsso that to decide of best 

base locations for allocating fixed emergency 

facilities. Schilling et al. [19] proposed a method to 

solve the emergency service vehicle allocation 

problem. According to Batta et al. [2] tosolve the 

problem of allocating health care system that is one 

of the most important and real world’s problems so 

that provide a solution related to health issues within 

minimum time. Plane and Handrick has introduced 

the fire station location problem first time. In their 

research work, they proposed mathematical model 

which fulfill the demand by assigned area within 

given projected time and distances. Toregas et al. 

[20]proposeda mathematical model which, shows the 

solution of both linear and binary integer model 

andmodified median model for the problem is also 

proposed by them. 

 Larson [11,12] proposed hypercube model and its 

approximation.  Model proposed by him actually 

used to evaluate a large variety of output measures 

like as average travel time and vehicle utilization. In 

such optimization heuristics requires evaluating 

either the hypercube model or an approximation. A 

programming and mathematical approaches for 

maximal covering model by Church et al. [5], the 

maximum expected covering model by Daskin [6], 

the extended version of the maximal expected 

covering model by Batta et al. [3], they have been 

used to determine the base location for allocating a 

facility on the basis of either the demand covered is 

maximized or the average travel distance is 

minimized. ReVelle et al.[18] proposed an 

optimization model that allows unequal vehicle 

utilization, service times that depend on call location 

and the stochastic travel times. He also validated 

their proposed model using data from the Tucson 

Emergency Medical Services.  

According to Doeksen and Oehrtman [7] used the 

general transportation model to find out optimum 

locations site for allocating the fire station on them 

under alternative objectives. He solved the problem 

number of times with different objectives. They 

considered the three objectives that were used to 

minimize the response time to reach a fire service 

when they received the call from their assigned area, 

minimizing total mileage for a fire service, and save 

as many property, infrastructure and money. As a 

result, the optimum base locations were obtained to 

allocate the fire station over there.Another concept 

that has been used in number fire location studies is 

the maximum covering distance concept. Plane and 

Hendrick [16] used a hierarchical objective function 

to solve the set-covering problem of the fire-station 

location problem. They simultaneously minimize the 

number of fire stations and maximization of the 

number of fire stations within the minimum total 

number of stations so that reducing the annual costs 

for allocating the fire stations for the fire companies 

in Denver. 

Sanliand Al- Tamimi [18] have reviewed those 

principles that affect the performance of the service 

of the fire station with regard to communications 

patterns occurring within the cities and spatial 

relationships. According to Badriet al.[1] have 

proposed a multi-objective mathematical criteria 

modelthat uses the integer goal programming to 

solve the fire station location problem whichinvolves 
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conflicting objectives incorporating both the travel 

times and travel distances from allocated fire station 

to the assigned area. 

Liu et al. [13] propose an approach in to suitably 

allocating new fire stations by taking multiple 

objectives of maximizing the coverage of routes for 

the fire station and achieving a reasonable distance 

between fire stations and maximizing the areas that 

can be served by allocated fire station within 6 

minutes by using ANT and GISalgorithm. Beraldi 

and Bruni [4] in have formulated and solved a 

probabilistic model of determining the optimal 

location of facilities in congested emergency 

systems.Ndiaye and Alfares [15]proposed studies 

which are related to healthcare service location and 

its related topic. They solve the healthcare service 

location problem using the probabilistic methods. 

Zhang et al. [21], Kim and Kim [10] in this paper 

they used branch and bound algorithm of artificial 

intelligence that solve the problem of healthcare 

service location. They have also observed the 

effectiveness of methods. Last they concluded that, it 

will become more difficult task to solve the problem 

when the number of variables increases in a model. 

Murray [14] proposed a mathematical model for 

facility location. Murray included methods of 

planning for purposes and strategic targets and he 

found a solution with a mathematical model that uses 

the data provided by geographical system(GIS).  By 

the proposed model he suggested a new method to 

solve fire station location problem.Irfan [9] solved 

the multi objective fire station location problem with 

several constraints using modified binary GA. In his 

study he found the best location of fire station and 

also the where the station is setup.  

 

6. ALGORITHM AND METRICS 

The following algorithms are used to solve the 

problem of multi objective fire station location 

problem. All the different algorithms can be 

summarized by table while considering following 

parameter. 

 

Title of the paper Description of the problem Algorithm used Journal Conclusion 

A Multi Objective Model 

for FireStationLocation 

under uncertainty. 

 

The efficient location of fire station 

for multi objectives, some of which 

may be conflicting. This model 

taking both service quality, cost of 

setup, and operating cost in 

uncertain environment.  

Goal 

Programming 

AISS They proposed uncertain multi 

objective goal programming 

model  to deal such problem and 

apply to a numerical problem. 

A fire situation and 

progress in fire safety 

science and technology in 

china 

In this paper a mathematical model 

has been proposed and that has been 

applied to Fire Service Department. 

Analysis of fire 

situation in China 

Science 

Direct 

He proposed due to globalization 

and after studying the fire 

condition of China. They told the 

importance an efficient 

algorithm for fire station location 

problem. 

A multi objective model 

for locating fire stations 

The objective of this paper to locate 

fire station facilities while 

considering tangible and intangible 

criteria that is unique to a given 

problem. They consider large 

number of constraints like fixed 

cost, total annual operating cost, 

average distance traveled etc.  

They proposed a 

multiple criteria 

model with 

integer goal 

programming. 

Europea

n Journal 

of OR 

They proposed a mathematical 

multi criteria model for 

evaluating and determining 

locations of fire stations with 11 

objectives.   

Solving fire department 

station location problem 

using modified binary 

genetic algorithm: a case 

study of samsun in turkey  

The objective of his paper to solve 

the problem of multi-objective fire 

station location problem using 

Modified Genetic Algorithm.  

A case study has 

been proposed by 

using modified 

Genetic 

Algorithm 

Europea

n Journal 

The proposed model has been 

applied successfully by modified 

Genetic algorithm.  Also shown 

the result of comparison of GA 

and Modified GA  

Multi-objective fire 

station location problem 

using Modified GA with 

cost and Time, two 

conflicting objective and 

several constraints. 

The objective of the research to 

proposed the a Modified GA that 

allocates the given number of fire 

station at most optimal site, 

assigning area to them.  

Modified  

Genetic 

Algorithm 

IJIACS An Modified GA has been 

proposed, applied and 3 efficient 

solution found. 
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6.  CONCLUSION  

   With the emerging of fire station location problem, 

there are number of algorithm have been proposed 

this paper. This paper represent the study of the 

algorithms those have been developed to solve the 

problem of multi objective fire station location 

problem. In this paper we have surveyed the various 

algorithms, case study and their mathematical model.  

 

REFERENCES 

 

[1] Badri M.A., Mortagy A.K., Alsayed A.A., “A multi-

objective model for locating fire stations,” European 

Journal of operational Research, vol. 110, pp. 243-

260,1998. 

[2] Batta R., Dolan J., Krishnamurthy N., “The maximal 

expected covering location   problem:    Revisited,” 

Transportation Science, vol. 23, pp. 277-287, 1989. 

[3] Batta R., “A queueing-location model with expected 

service time dependent queueing disciplines,” 

European Journal of Operational Research, vol. 39, 

pp. 192-205, 1989. 

[4] Beraldi P., Bruni M.E., “A probabilistic model 

applied to emergency service vehicle location,” 

European Journal of Operational Research vol. 196, 

pp. 323-331, 2009. 

[5] Church R., ReVelleC.,“The maximal covering 

locational problem,” Papers of the Regional  Science 

Association, vol. 32, pp. 101-118, 1974. 

[6] Daskin M., “A maximal expected covering location 

model: Formulation, properties, and heuristic 

solution,” Transportation Science, vol. 17, pp. 48-69, 

1983. 

[7] Doeksen G., Oehrtman R., “Optimum locations for a 

rural fire system: A study of a major county in 

Oklahoma,” Southern Journal of Agricultural 

Economics, pp.121-127, 1976. 

[8] Holland J.H., “Adaptation in Natural and Artificial 

Systems,”University of Michigan Press, Ann Arbor, 

Michigan, re-issued by MIT Press, 1992. 

[9] Irfan M., “Solving fire department station location 

problem using modified binary genetic algorithm: a 

case study of samsun in turkey,” European Scientific 

Journal, vol. 11, 2015. 

[10] Kim D.G., Kim Y., D., “A lagrangian heuristic 

algorithm for a public health- care facility location 

problem,” Annals of Operations Research, vol. 206, 

pp. 221-240, 2010. 

[11] Larson R., “A hypercube queuing model for facility 

location and re-sub-areaing in urban emergency 

services,” Computers and Operations Research, vol. 

1, pp. 67-95, 1974.  

[12] Larson R., “Approximating the performance of urban 

emergency service systems,” Operations Research, 

vol. 23, pp. 845-868, 1975. 

[13] Liu N., Huang B., Chandramouli M., “Optimal siting 

of fire station using GIS and ANT algorithm,” 

Journal of Computing in Civil Engineering vol. 20, 

pp. 361-369, 2006. 

[14] Murray A.T., “A computational approach for 

eliminating error in the solution of the location set 

covering problem,” European Journal of Operational 

Research, vol. 224, pp. 52-64, 2013. 

[15] Ndiaye M., Alfares H., “Modeling health care facility 

location for moving population groups,” Computers 

and Operation Research, vol. 35, pp. 2154-2161, 

2008. 

[16] Plane D., Hendrick T., “Mathematical programming 

and the location of fire companies for the Denver fire 

department,” Operations Research, vol. 25 (4), pp. 

563-578, 1977. 

[17] ReVelle C., Schweitzer J., Snyder S.,”The maximal 

conditional covering problem,” INFOR, vol. 34(2), 

pp. 77-91, 1996. 

[18] Sanli I., Al- TamimiF.,”The spatial distribution and 

resource allocation of fire safety service system,” 

Journal of King Saud University, Architecture and 

Planning vol. 2, pp. 23-41, 1990. 

[19] Schilling D.C., Revelle J., Cohonand D., Elzinga, 

“Some models for fire protection location decisions,” 

European Journal of Operational Research, vol. 5, pp. 

1-7, 1980. 

[20] Toregas C., Swain R., Revelle C., Bergman L., “The 

location of emergency service facilities,” Operation 

Research, Vol. 19, pp. 1363-1373, 1971. 

[21] Zhang Y., Berman O., Marcotte  P., Verter V., “A 

bilevel model for preventive healthcare facility 

network design with congestion,” IIE Transaction, 

vol.  42, pp. 865-880, 2010.

 


