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Abstract: Cell planning as process in GSM Network planning must take into consideration all the 

criteria that are related to Cell Planning process including technical, financial, and environmental 

criteria. This paper aims to  improve an integrated framework of Cell Planning that select the optimal 

locations of Base Stations based on finding the trade-offs between coverage area, cost, and the health 

effects on the populations. The problem of Base Stations Siting in this paper is reformulated from 

Unconstrained Multi-Objective Optimization problem into Constrained Multi-Objective Optimization 

Problem. Two types of Evolutionary Algorithms: traditional Genetic Algorithm with penalty functions 

as constraint handling, and Random Weighted Genetic Algorithm (RWGA) were implemented and 

compared based on which one can produce an optimal solution in less iteration. The minimum number 

of Base Stations that are required to cover the conducted area was predicted based on the produced 

solution, and compared with the number of Base Stations that are constructed by Mobinil operator. 

Cairo city is selected to be the conducted area, both models were superior to Mobinil scenario in 

covering the conducted area with less number of Base Stations. 

 

Keywords: Radio Network Planning, SDSS, Genetic Algorithm, Base Station siting, Location and 

Allocation Problem. 
 

 

1. Introduction  

In GSM Network Planning process, Base Stations are considered the most important element in the 

whole network because of their role in building a physical connection to mobile stations (usersô devices) 

through air interface [1, 2, 3, 4]; so the biggest problem in the Planning process is where to locate those 

Base Stations appropriately in order to achieve the goals of service providers including maximizing the 

coverage area and minimizing the construction and deployment cost [5, 6]. In the other hand, these Base 

Stations must be located according to Security and safety procedures that must prevent the citizens from 

the negative effects of these Base Stations [7]. In Egypt [8], National Telecommunication Regularity 

Agency (NTRA) rolled out a protocol that governs the process of Macro-cell construction to prevent the 

populations from the negative effects of Base Stations. This protocol states many restrictions on the 

process of Base Stations especially inside cities like distance from nearest school and hospital, the 

maximum permissible power and other criteria that are stated to prevent the human being from the 

emitted radiations from Base Stations [7]. 

Many approaches are proposed to solve the problem of Base Stations sitting; these approaches can be 

classified into three categories [7]: geometric, mathematical, and SDSS. In geometric class, the 

researchers tried to build geometric model that locate Base Stations (BS) to minimize negative health 

effects of BS like [9] or solve the problem of maximizing coverage/service in a certain area like [10, 

11]. Cell planning using Spatial Decision Support Systems (SDSS) is another direction and showed in 
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[5, 6, and 12]. Finally, In mathematical category, cell planning is considered as optimization problem 

and solved using mathematical model like Polynomial- Time Approximation Schemes (PTAS) in [13]. 

Unlike the previous approaches, this paper incorporates all the factors that influence the Base Station 

sitting including cost, coverage area, and restrictions of public health.  From the viewpoint of Operation 

Research, the problem of locating Base Stations is considered a Constrained Multi-Objective 

Optimization Problem and can be solved using one of the famous Evolutionary Algorithms like Genetic 

Algorithms. In this paper, Base Station locating problem will be solved in two ways using Evolutionary 

Algorithms. In the 1
st
 algorithm, the objective functions will be aggregated to build single combined 

objective function and then, traditional Genetic Algorithm will be incorporated with Penalty Functions 

as constraints handling [14, 15] to find the solution with better fitness function value. On the other side, 

Random Weighted Genetic Algorithm will be used to find the non-dominant individuals and binary 

tournament selection method will be used to handle the constraints [16, 17]. 

A fully functional GIS is an integration of several components and different subsystems to collect, store, 

retrieve and analyze spatially-referenced data. GIS is a powerful tool of acquisition, management and 

analysis of spatially-referenced data, but GIS is a limited tool in spatial decision-aid domain. This is due 

essentially to its lack of more powerful analytical tools enabling it to deal with spatial problems 

involving several parties with conflicting objectives/criteria [18]. 

To avoid GIS criticisms, and execute the spatial analysis on GIS data, integration between GIS and 

Operations Research/Management Science (OR/MS) tools is suggested. Practically, the idea of 

integrating GIS with several Decision Support Systems (DSS) tools seems to be a long-term solution. In 

fact, this requires the development of a coherent theory of spatial analysis parallel to a theory of spatial 

data [18]. A more practical solution is to incorporate only chosen analytical methods into the GIS. This 

integration allow the user to benefit from GIS as powerful tool for managing spatially referenced data, 

and in the same time from Multi Criteria Analysis (MCA) as an efficient tool for modeling spatial 

problems. This paper uses Multiobjective Optimization (MOO) using Genetic Algorithms (GA) to find 

the optimal locations for Base Stations. A SDSS that integrate multiobjective optimization technique 

with GIS is proposed. In this SDSS, basic GIS functions and GA module is integrated and GIS database 

is extended so as to support both the geographical, descriptive data of Base Stations; in addition to GA 

model parameters. 

2. Proposed Model 

The criteria that will be used in the process of Base Stations Locating can be classified into three 

categories: technical, economical, and environmental [7]. According to this classification, Service 

Provider decides which location is proper based on technical and economical criteria; including 

Maximizing coverage area, and minimizing construction and deployment cost respectively. On the other 

side, NTRA and official authorities cannot grant permission unless the environmental criteria are 

satisfied; this category includes all the procedures that are stated in NTRA protocols. These procedures 

include: Distance from the nearest children's school, the occupied building must be not a hospital, and 

the transmitted power doesnôt exceed the permissible power density. 

The mathematical model of Base Stations sitting Problem can be written as follows in equations   (1-13) 

(assuming that all objectives in minimization form): 

    Minimize F(x) = (f1(x), f2(x))  (1) 

   (2) 



   (3) 

   Subject to: 

              (4) 

              (5) 

                (6) 

               and   (7) 

 

Where i represents the i
th
 location from 1 to n

th
 location, ci represents the total cost of construction and 

deployment of only one BS, cri represents the coverage area of only one BS. xi indicates if Base Station 

is located in i
th
 location; and and takes value 1 if BS is allocated in i

th
 location, otherwise 0. NBS 

represents the number of BSôs should be located. di represents the variable that indicate if the distance 

between BS and nearest school less than or equal 20m or not and take the value 1 if this distance is less 

than or equal 20m, otherwise 0. hi represents the variable that indicates if the occupied building is 

hospital or not and take the value 1 if the occupied building is hospital, otherwise 0. pi represents the 

transmitted power from BS. Finally, pc represents the maximum permissible power. 

There are many input parameters including hi,di,pi,ci,cri. And xi in this case represents decision variable 

that take value 0 or 1 to indicate if Base Station is located in i
th
 location or not as follows: 

   (8) 

   (9) 

  (10) 

  (11) 

  (12) 

                (13) 

 

3. System Overview 

The designed planning tool consists of the following components: Radio Wave Propagation module, 

Comparison module, Coverage Area Builder, Optimizer which essentially interact with Genetic 

Algorithm module to produce optimal solutions, and finally GIS part which considered the User 

Interface which allow the user to capture initial locations on the map and also display the results as 

points on the map. Radio Wave Propagation module calculate the path loss  using Okumara Hata model 

[19] to compute the cell radios  and then calculate the coverage area of cell; these  calculations are 

described in details in our previous paper[7].  

 



Coverage Area Builder take the optimal points from the Optimizer and based on locations of these 

points it predict the locations of the rest points that are required to cover the whole conducted area in 

geometric process. After predicting the whole coverage area and locations of all points, these points are 

compared with the existing locations of one of the running operators (in this case, Mobinil operator is 

chosen to compare with) and finally the result of comparison are displayed. The resultant points are 

displayed on the amp as separate layer to deal with them in the rest steps of planning process. This 

paper will focuses in the next sections on applying more than Genetic Algorithm to optimize the chosen 

location and compares between those algorithms and Mobinil points. Two algorithms are used in this 

paper: traditional GA with Penalty Function and Random weighted Genetic Algorithm with binary 

selection scheme. 

 

Figure 1Radio Network Planning tool Archicture 

 

4. Traditional GA with Penalty Function  
Traditional Genetic Algorithms are proposed to deal with single objective problem and usually produce 

only one solution that has the better fitness value [16, 20, 21]. In this paper, Multi-Objective 

Optimization Problem is transformed into Single Objective Optimization Problem by aggregating the 

multiple objectives. Penalty Function that penalizes the infeasible solutions to pose the feasible ones to 

be selected [14, 15, 22] also applied to deal with the constraints that restrict the Base Station Locating. 

The candidate solution can be evaluated by calculating the cost and coverage area objective function of 

locating base stations as in equation (14): 

                (14) 



The infeasible solutions can be penalized by calculating the constraints that restrict the process of Base 

Station siting for each solution. The constraint violation (V) is calculated as follows in equation (15): 

             (15) 

 Then all constraints violations of a chromosome (with n solutions) are added together to find the 

overall constraints violation as in equation (16): 

                     (16) 

After that the total constraints violation is added to fitness function of the chromosome as in equation 

(17): 

                  (17) 

In the traditional GA with penalty function, a binary coding is used [7, 20] with a chromosome equals to 

the number of predefined locations that are captured using GIS component. For example a solution that 

is consists of 5genes as 1-0-1-0-0 denotes that only locations no. 1 and 3 will be chosen to construct 

Base Stations. Roulette wheel selection, single point crossover, binary mutation are applied to select the 

parents and generate new offspring as described in [7]. To deal with the restriction of determining 

number of Base Stations in any solution equal pre-specified number, Restricted Search Operator is used. 

According to [17], Restricted Search Operator that was initiated by Salcedo-Sanz in 2004 and stated as 

in figure (2): 

 

Figure 2: Restricted Search Operator 

 

5. Random Weighted Genetic Algorithm (RWGA) 
Random weighted GA [16] is firstly proposed by Murata and Ishibuchi in 1996] and it uses the weights 

to build objective function. The weights are changed frequently during running time to allow the 

searching directions to be changed to sweep over the whole solution space. To perform this task, 

random numbers are generated to build the weights of the individuals and then, the solutions that are 

found through changing directions are collected in a set to build the Pareto Optimal set [16]. 

Initial solutions are randomly chosen using GIS component and transferred to optimizer to encode them 

as initial population. Then calculate the objective values of chromosomes in the population and record 

the Pareto optimal solutions. The total objective function is constituted of the linear combination of 



objective functions. And the weights are randomly assigned. For a solution x, the objective function in 

the study is represented as follows in equation (18): 

          (18) 

Where f1, f2 are objective functions denote the cost and coverage area of Base Station respectively. 

And w1, w2 is computed randomly during running time as in equation (19): 

                                    (19) 

Where uk is random number generated between [0,1].  

In RWGA, Selection Probability can be used to select the parents with high probabilities instead of 

using the original concept of fitness is the larger the better because solutions with larger fitness tend to 

propagate to the next generation in order to allow this algorithm to select the solutions with minimum 

fitness value where minimization form is applied in this algorithm. The selection probability can be 

formulated as in equation (20): 

                    (20) 

Binary tournament selection method is applied in RWGA as shown in figure3. 

 

Figure 3: Modified Binary Selection strategy in RWGA 

 

Like traditional GA, single-point crossover and Bit Flop as mutation technique is applied. In order to 

maintain the elite solution during the running of algorithm inside the external population, an elitism 

strategy [16] checks if the member is already exists in external population or not. If the population 

doesnôt contain this member, then the member is added. If the size of external population exceeds the 

predefined size, then elitism strategy will checks if the member non-dominant according to the members 

of external population and replace the dominated member by the new non-dominant member.  



The new population is generated by deleting number of individuals equal the size of Pareto Optimal set 

and add the same number of solutions from E to the population. And then Update Pareto Optimal 

Solutions.  If the number of generations equals to the pre-specified number then stop, otherwise 

evaluate the population and apply the algorithm again. RWGA is summarized as follows[16]: 

 

Figure 4: Random Weighted Genetic Algorithm 

 

6. Experimental Results 
This model is conducted on Cairo city to compare the locations of antennas that are produced from both 

traditional GA and RWGA models to the already existing locations that are constructed by Mobinil 

operator. From the literature the feasible values that will produce relatively good solutions are recorded 

as [6]: crossover/recombination probability=0.9 and Mutation probability=0.1. 

To test RWGA and traditional GA for the problem of Base Station Siting, a testing data that are already 

known and can easily determine the optimal solution from them is produced for the purpose of testing. 

And the optimal solution is extracted manually to compare it with the produced solutions from both 

models in order to compare the effectiveness of those models. Figure.5.a explains these data and 

indicates the optimal solution that is produced manually as the solution that have maximum coverage 

area and minimum cost and can be shown in the end of test data. These locations are divided into four 

initial solutions that will be used as initial population to carry out the models as shown in Figure.5.b.  

Figure.5.c explains obviously that RWGA was able to find the optimal solution after only 100 iterations 

whereas Traditional GA found the optimal solution after 150 iterations. So RWGA converges to 

optimality faster than Traditional GA. This behavior can be interpreted by the nature of RWGA that 

uses random weights to search the solutions space in many directions and also by the ability of RWGA 

to find the nondominated solutions over vector of objectives rather than a single objective and maintain 



elite solution that is non-dominated by others. Non-dominance principle allows the model to search in 

more than direction simultaneously.  

 

Figure 5: Test data, their distribution, and convergence 

RWGA and Traditional GA will be used to find the optimal solution for Base Station siting problem, 

real data is collected by building four scenarios to construct Base Stations on different locations inside 

Cairo City. These data is divided into four solutions, each solution contains set of locations. 

Optimization models are carried out on these data to produce optimal solution that will be used as basis 

to predict the number of Base Stations that are needed to build the whole coverage on Cairo City. 

Mobinil data about the existing Base Stations also collected to compare the produced solution from each 

model with Mobinil data. Figure.6.a shows the real data that are collected to carry out optimization 

model. RWGA and Traditional GA was applied on these data, and then the results are recorded in 

Figure.6.b  that indicates that RWGA outperforms  Traditional GA by finding the solution that is able to 

build the whole coverage with minimum number of Base Stations. 

Some assumptions are made in this model; one of these assumptions is that all cells have the same 

radius. In the stage of comparison, 900m as a radius for all cells is assumed. As explained in Figure.6.c, 

Traditional GA model success in covering Cairo city with 224 antennas, whereas RWGA covers Cairo 

City with only 201 antennas. Both models are superior to Mobinil scenario which built 236 antennas but 

does not reach the whole coverage on Cairo City such that the network is still incomplete.  The number 

of identical points indicates the number of points that has the same coordinates with those in Mobinil 

network. From Figure.6, RWGA is more suitable because of its acceptable results. 



 

Figure 6: Collected Real Data 

 

Figure 7: Screenshot of RWGA model Figure 8: Screenshot of Trad. GA 


