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Abstract 
andslides are triggered by rain duration, amount of rain and violence factors that must be known. 
Wireless sensor networks (WSN) located in Remote Sensing-based on landslide early warning 
systems which have great importance for landslide prediction. WSN is used in various 

applications. They are capable of collecting data with low-energy from a specific area and low-cost 
nodes are used in their networks. Localization is one of the important issue for these networks. In this 
study, an optimum WSN design is proposed for real-time landslide monitoring systems. The location of 
sensors used in real-time landslide monitoring systems are detected with GPS (Global positioning 
system) and localization techniques. For the transmission of sensed alerts, other sensors must be 
clustered. Additionally, the network structure via routing methods must be determined. The simulation 
studies are performed via MATLAB. The Multi-Objective NSGA-II (Non Dominated Sorting Genetic 
Algorithm-II) algorithm was used for efficient routing and optimal cluster head selection. With this 
proposed method, both clustering and determination of the optimal cluster head selection was carried 
out. This issue is a part of NP-hard combinatorial problems category. Simulation results show that this 
study provides an improvement for network life and energy efficiency. 
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1. INTRODUCTION 

Wireless Sensor Networks (WSN) remain on the agenda from military environments to living spaces 
to health due to their communication capabilities without being connected in short distances, their 
small sizes, low cost and low power consumption. WSN operates with a battery and therefore its life 
span is restricted in terms of energy. Good positioning algorithms and routing protocols may increase 
the life of WSN [1]. Landslide is considered a serious geological hazard. Landslide gives rise to crucial 
loss of life and property on a global scale. For that reason, there have been significant researches on 
the technologies for landslide monitoring and developing algorithms [2, 3]. 
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Fig. 1. Sensor Network based landslide forecast system 
 

The article[4] suggests WSN for landslide forecast. As basic schematic is shown in the Figure 1, long 
range communication is carried out through GPRS (General Packet Radio Service) and short term 
communication is through WSN. Figure 1 shows early warning notification to the Base Station Main 
Control Room. Control Room is near a station and it is for the driver. Following are the topics with 
respect to the WSN based landslide forecast: Positioning, routing, fault tolerance, robustness and 
decision-making are some of them. The data of Sensor nodes, which are placed in a typical application 
such as landslide forecast will be considerably related. Therefore, collecting such data will be efficient 
for Local Decision communication and for making local decisions. This article focuses on distributed 
positioning and routing methods. Especially, two distributed clustering and routing protocols are 
proposed. 

The first one is the new protocol called Clustering and Multiple Hop Protocol and is introduced for 
the first time[5]. The second one is the application for Lighthouse Vector Routing [6] of the Hybrid 
Energy-Efficient Distributed clustering algorithms[7]. Clustering and multiple hop protocol use the 
distributed clustering structure and decision for selection of dynamic cluster head is taken by basing 
on the local information of the individual nodes group. When we compare the delivery of individual 
data to the base station, clustering of a group of sensor nodes and dynamic head selection, we can say 
that individual nodes are there to deliver the abstract of the collected data and it is an energy-efficient 
approach. Clustering and Multiple Hop Protocol enable positioning and energy-efficient routing by 
using the Multiple Hop method.  

Lighthouse Vector management is a Point-to-Point routing protocol and uses its connection 
features to create neighbor and positioning and done by some familiar landmarks. Routing is carried 
out to minimize the Distance Vector between the source and target. TEEN (Threshold-sensitive Energy 
Efficient sensor Network Protocol) [8]is the extension of event-based LEACH (low energy adaptive 
clustering hierarchy)[9] and thresholds are assigned to the sensor nodes. The nodes will notify the 
respective heads in the event of excess of data threshold sensor.  

TEEN is suitable for landslide forecast, because there may be different rock types and thresholds. 
Energy will be considerably saved if nodes only send the data exceeding the threshold rather than 
continuously delivering them. Landslide forecast is a slow process and it does not exceed the data 
threshold, therefore energy will be saved. In this article, event based LEACH protocol is introduced 
within CAMP and BVR and the results of LEACH and proposed NSGA-II (non-dominated sorting genetic 
algorithm II) have been compared. According to the results, LEACH protocol is left behind the proposed 
protocol in terms of network life and energy distribution. The design of positioning and routing is 
carried out independently in the traditional approach. In this article, multiple purpose meta-intuitive 
network structure has been designed and metrics positioning has been affected by the algorithm. 
Therefore, energy efficiency of the real time network has increased. 
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2. METHODS  

A binary problem type has been considered in based on Server Location Problem [10] logic to 
identify the problem. Generally speaking, there is no reference to the location for the solution of server 
location problem, but only try to get the result by opening and closing the potential locations. 
Therefore, clustering [11] and selection of location of cluster head will be examined for the Wireless 
Sensor Network Design in the scope of the Service Location Problem. The server is a service unit and 
cluster head may represent it in WSN field. 

 

 
 

Fig. 2. The schema of the defined problem 
 

In Figure 2, normal nodes are shown as circle and cluster head nodes are shown as square. The 
nodes are shown with i and number of demand per cluster head for each nodes are shown as di the 
objective is to transmit the demands of the nodes to the cluster heads as soon as possible and deliver 
the data package right away. The nodes, of which number of demand is di more, have more 
importance and they are given priority. Location is another feature of the nodes to be considered. The 
location of the nodes (xci, yci) is shown with the Cluster head coordinates (xsj, ysj). In this phase, the 
definition of the Norm in math [12] is used and nodes are connected to the nearest cluster head by 
calculating the distances. As it is shown in Figure 3, it is the distance between the i node and j node. 
The followings are the unknown variables in the objective function: 

 
• Fj = 0 ⟹Cluster head node is closed 
• Fj = 1 ⟹Cluster head node is open 
 
For that reason, the defined problem is considered as the binary problem. While each node finds 

the nearest cluster head, it calculates the Dij according to the City Scaled Distance and find the nearest 
open cluster head from the nodes that is Di

min in the following.  
 

Di
min = Min �Dij⃒Fj = 1�                                                                                                  (1) 

 
 

Di
min =  

Dij

Fj
                                                                                                  (2) 

 
The above statement is more suitable because it is Fj or 0 or if 1 is 0 statement will be ∞ and not 

calculated. In other words, if a Cluster head is considered closed, it means that it is in  location in 
terms of Custer head distance. It minimizes with the Di

min distances of the number of the demand of 
the nodes in the first Objective that is the first term in the objective function. Furthermore, it will be 
minimized by considering the start-up costs or holding energy by the nodes in the second term. The 
distance of the nodes with a much higher demand carries more importance for us. The objective 
function is defined as in the equation 3 in the following. 
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Min Z =  �𝑑𝑑𝑑𝑑.𝐷𝐷𝑖𝑖𝑀𝑀𝑖𝑖𝑀𝑀 
n

i=1

+ �𝐹𝐹𝐹𝐹.𝐶𝐶𝐹𝐹
𝑗𝑗

 

 

                                                                                                  (3) 

• d𝑖𝑖 = The number of the demand sent per Cluster by the Nodes 
• DMin𝑖𝑖  = The distance of the nearest Cluster head among the Nodes  
• Fj = 0 (Open) or 1 (Closed) 
• Cj= Holding open or start-up cost of the nodes 
 

This study has used the Wireless Sensor Networks, one of the Remote Sensing [13] technologies. 
Smart Environmental Monitoring [14] is a wide place to examine. Therefore, we start by basing the 
two dimensional Problem such as Landslide. Figure 2 shows the schema of locating the sensors in the 
test field to have a better visuality. MATLAB is used for simulation of the test field scenario. The number 
of the nodes is taken as 40 and the number of the cluster heads is taken as 20 in the simulation. 20 
refers to the highest number of the cluster head which will probably occur. 20 cluster heads refer to 
location coordinate which has set up potential.  

These coordinates are randomly distributed on 100*100 squares. That is to say that 20 x or y 
coordinates are produced for the cluster heads and similarly 40 x and y coordinates are randomly 
produced between 0 and 100 for other nodes. The demands (d𝑖𝑖) are produced and stored in a string 
in the size of nodes between 5-50 for each node randomly. A structure has been defined in the name 
of model in the MATLAB environment and values are kept within the model. After the model variable 
has been created, then it comes to generate a solution on a random basis. A function has been defined 
to randomly select which cluster head is open and which one is closed. The duty of the function is to 
generate random solutions and 20 random values (0, 1) in the dimension of 1*20 have been produced. 
Each solution is called chromosome.  By this way, a chromosome has been created insomuch as the 
number of the population (npop) according to the binary-GA. Fnpop= [0 0 0 1 1 1 1 1 1 1 1 0 1 0 0 1 1 0 
1 1] After the Model and Random Solutions have been generated, they are sent to the assessment 
procedure named Cost Function in the equation 7.  

While the start-up costs of the cluster heads, maximum value of the number of the demand 
between 5-50 is taken (di  = 50). What is more, the longest distance between the node and cluster 
head is square diameter that is to say 100√2 ≅ 141 for problem area is 100*100 and 141x50 is 
considered the maximum cost of a node. Therefore, the maximum cost of a node is 7050. Furthermore, 
average cost of a node is 3525. By this way it is assumed that 3525*40 =141000 is the cost of all nodes. 
For the number of the cluster is 20,  141000/20 = 7050, all start-up cost of the cluster heads will be 
taken a little more than 7050 and stored in sequence randomly produced between 8000-12000 in a 20 
randomly cost tolerated way to use in the program.  

Radio Communication Model by Heinzelman et al [15] has been used to calculate the startup costs 
of cluster heads within a more realistic model. As it is explained in[16] a radio model has been used 
here. This study runs with iterative logic such as LEACH [15] protocol. By this way, the problem will be 
minimized by adding new real calculations to such costs, calculated before. This program has been run 
as followings for an iteration with radio communication model: N node number: The start-up costs of 
the 40 c nodes have been generated between 8000-12000 on a random basis in the iteration of the 
program. By this way, the consumed energy of the radio communication model has been added to the 
c matrix. This matrix changes every time. 
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Table 1. Quantitative parameter values of the radio communication model 

Description symbol values 

Consumed energy to transmit for short distance 𝜖𝜖𝑠𝑠 10pJ/bit/𝑚𝑚2 

Consumed energy to transmit for long distances 𝜖𝜖𝐼𝐼 0.0013pJ/bit/𝑚𝑚4 

Electronic circuit consumed energy 𝐸𝐸𝑠𝑠 50 nJ/bit 

Consumed energy  for beam forming 𝐸𝐸𝐵𝐵𝐵𝐵 5 nJ/bit 

 
Objective function is defined in statement 4: 
 

  Min Z =  ∑ di.n
i=1 Di

min + ∑ Fj. Enerjij𝑗𝑗                                                                                                                                                                                       (4) 
 

 
The number of the cluster head is 20 in the problem description and it changes between 8000 and 

12000 approximately. The energy matrix of the nodes has been given in the objective function in 4, in 
consideration of the radio communication model and therefore, algorithm has been run by considering 
the worst case scenario. Generally, simulation is applied in the worst conditions. In this study, 
algorithm has reached the solution with a good convergence to the Pareto of the problem although 
energy costs change continuously. Bar graph of the energy changes continuously with the increase of 
iteration and as the time passes by. 

 

 
3. PROPOSED NSGA-II ALGORITHM 

In this section, Non-dominated Sorting Genetic Algorithm (NSGA-II) will be addressed. NSGA-II has 
been put forward and developed by Kalyanmoy Deb [17] et al. NSGA-II is the most famous multiple 
purpose evolutionary optimization algorithm. The number of articles written based on this algorithm 
is more than others and the idea it uses is so prevalent. Algorithms such as Ant Colony, Bee colony, 
Particle swarm optimization and Differential Evolution have multiple purpose versions and operate by 
using NSGA-II ideas. As a result, each single purpose algorithm can turn into a multiple purpose 
algorithm by using NSGA-II. Solution layer is exclusive to NSGA-II technique, which is the estimation 
method of Pareto. The book of Dr. Carlos. Coello Coello [17] is far-reaching in this matter.  

This book addresses the difference between the normal genetic algorithm and multipurpose 
genetic algorithm, which is the sequence technique of the answers. The new population selection is 
the difference between the normal genetic algorithm and multipurpose genetic algorithm. Non-order 
ability is the issue here. Furthermore, single dimension sequencing operator is not usable. Therefore, 
a new multi-phase operator is defined. This operator sequences by basing on the Quality of the 
answers and takes the second criterion as the Order if quality factor is not a determinant. For example: 
The point may not be a determinant in some cases in team eliminations in the football matches and in 
such case the number of the goal is used as a secondary criterion.  

Kalyanmoy Deb [17] emphasizes that NSGA-II algorithm is Elitist [18].For that reason, he uses Merge 
& Sort & Truncate [18] scenario. Sorting turns into two phased proceeding. Rank is defined to rank the 
answers. If rank is not determinant, crowding distance [18] is defined and steps in as a secondary 
criterion. Crowding distance has been added to the NSGA-II algorithm then. Fitness sharing has been 
used rather than crowding distance in the first version of NSGA-I.  There is a criterion in the ordering 
of the minimum cost values in the normal genetic algorithms that is to say that cost of the answers is 
ordered from big to small in a one-dimensional array and single line sequence and the smallest one is 
selected. However, there may be two or three criteria and such criteria may differ according to the 
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number of the objective of the problem. These criteria are Quality and Order. Book author of 
(evolutionary algorithms for solving multi-objective problems)[18], Carlos. Coello Coello and Emoo 
repository web page [19]are the suitable and comprehensive resources to research for the multi 
objective field. Basing all we have said, we will examine and solve the problem of cluster head location 
in the wireless sensor networks with NSGA-II algorithm. Defined problem is multipurpose problem, 
which has two (z1 andz2) objective functions. The problem has been solved with genetic algorithm, 
single purpose weighted sum [20] and decomposition method [20] and different answers have been 
obtained with different w1 and w2 settings from the Pareto.  

The method used in [20] approximately estimated the Pareto linearly. To sum up, we can say that 
there are disadvantages to develop the topic. Binary genetic algorithm used in the first section of [20] 
and Weighted Sum method cannot discover the concave sections of Pareto. Furthermore, each time 
Pareto runs, it only finds a point as an answer. The algorithm has to run with different settings or w to 
find all points. The results are not certain, time-consuming and approximate answers. Each individual 
[11] from the population in the classic genetic algorithm has compounds in the name of position and 
cost. But NSGA-II is not restricted with them. The best chromosome or optimum solution is obtained 
at last after going through Selection proceedings, crossover, and mutation, sorting and cutting-off in 
the iterative cycle of the algorithm. This study has been programmed in the file name 
NonDominatedSorting. m which is non-dominated sorting genetic algorithm in MATLAB.  

 

 
 

Figure 3. Problem and NSGA-II algorithm flow diagram 
 

According to the report when the program in MATLAB is run, the intended outcome is carried out as 
shown in [20] in non-dominated sorting answers list.  If we truncate from any part of the list, we can 
be sure that they are the best answers. This is compatible with elitism. As it is shown in the Figure 3, 
cross over, mutation, merge have been applied in this phase and then sorting and truncate proceedings 
are applied on them specifically. However, sorting has to be done after every truncate proceeding, 
because Rank and CD (Crowding Distance) are relative features and individuals of the population can 
still positively or negatively affect each other. There are 50 solutions for the best Pareto front and the 
best one, CD of which is the highest, is selected as [1 0 0 0 1 1 0 0 0 0 0 0 1 1 1 0 0 0 0 1] => CD = Inf.  
The clustering of the selected answer has been drawn and shown in Figure 4. In addition [17] 
emphasizes that the best solution found in a front is the one with the highest CD. 

Amir Naser et al. / Vol. 6(22), Oct. 2016, pp. 3080-3087                                                                  

http://www.aeuso.org/


  
 

 
3086 

 
International Journal of Mechatronics, Electrical and Computer Technology (IJMEC) 

Universal Scientific Organization, www.aeuso.org 
PISSN: 2411-6173, EISSN: 2305-0543 

 

 
 

Figure 4. Pareto-front optimum answer 
 

 

CONCLUSION 

In this study, a multi-objective optimization algorithm NSGA-II has been used. Both the distance of 
the nodes and number of the demands have been minimized. Moreover, start-up costs of the cluster 
heads are taken to the optimum level with clustering. When NSGA-II algorithm runs with 50 population 
number and 100 iterations to solve the problem, run-time is reported as 74.647890 seconds. When it 
runs with 200 iterations and 100 populations, run-time is calculated as 432.21012 seconds. As the 
number of the population of the NSGA-II algorithm increases, the speed performance considerably 
decreases. Furthermore, processing load increases depending on them. Therefore, algorithm is used 
effectively and simply point of programming. Generally, the objective of this study is to find the non-
dominated answers or Pareto of the defined problem. As a result, landslide monitoring system is a real 
time network and the number of the cluster head should be minimized depending on the start-up 
costs. Therefore, start-up cost has been optimized with the solution of this problem and the number 
of the used GPS has been decreased and life of the network has been extended.  
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