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Abstract:-  

In this paper, the Wireless Sensor Network with random mobility sink node is introduced 

in order to improve the Quality of Service (QoS) based on intelligent controller. This 

controller is designed based on (Wavelet-Neural Network). The clustering technique is 

used in the WSN, to enhance the routing algorithm. To quantify the level of performance 

of the algorithm proposed in this paper, Network Simulator (NS-2) is used which is 

installed on Ubuntu 14.04. Simulation results show that the proposed algorithm can 

effectively reduce congestion and enhance the QoS by achieve better throughput, better 

packet delivery ratio, less End-To-End delay and Packet-loss. The Comparison of the 

performance of the network with No Congestion Controller (NCC), Neural Network 

Congestion Controller (NNCC) and Wavelet Neural Network Congestion Controller 

(WNNCC) is introduced. It is found that the performance with WNNCC is better than 

performance with NCC and NNCC.  The study of the WNNCC and NNCC is done. The 

resultant average throughput, End-To-End Delay, count receive packet, count Packet-

Loss, and Packet Delivery Ratio are compared between WNNCC and NNCC. The 

simulation of BP algorithm is performed using MATLAB R2014a software running the 

computer with the following specifications: windows 7 (32-bit), core i5, RAM 4 GB. 

Keywords:  Wireless Sensor Network, mobile sink node, congestion control

I. Introduction 

Wireless sensor networks (WSNs) 

are a special category of networks 

which is a collection of a small size 

and low-cost sensor units called 

sensor nodes. They can be placed in 

areas of various geographical and 

environmental situations to establish 

a specific practical operational task 

by continuously measuring various 

parameters such as pollution, 

temperature, humidity, visibility and 

a wide range of environmental and 

other kinds of data. WSN’s wide and 
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varied application has deemed it an 

important and active research area. 

Its applications range from 

environmental, industrial, social, to 

security and military areas [1]. 

Mobile sink node is utilized to reduce 

the number of communication hops 

between sensor nodes and the sink. 

Mobile sink style is an effective 

approach to collect data from 

wireless sensor networks in an 

energy effective mode. In mobile 

sink style, the sink or data collector 

has mobility and it moves towards 

the sensor nodes to collect the sensed 

data from it. In this approach, the 

mobile sink will move between each 

cluster to collect information from 

the cluster heads nodes [18]. 

The number of mobile sinks essential 

to gather data from wireless sensor 

networks with a particular number of 

sensor nodes has an essential role in 

data gathering. If the number of 

mobile sinks is greater than the 

desired count, there will be reserve 

underutilization. Since sensor nodes 

are costly devices this is not a cost 

effective approach. At the same time, 

if we use less number of mobile sinks 

than the desired level, it will be 

energy as well as time-consuming 

approach [18].  

Data traffic in WSNs has special 

characteristics that set it apart from 

other conventional networks. The 

main traffic has a many-to-one 

pattern. Most data are moving 

upwards from the sensor nodes to the 

base station.  

This kind of traffic can be 

continuous, event-driven, query-

driven or a mixed of the three types. 

Each of these types has its own 

requirements for Quality of Service 

(QoS) and reliability subject to the 

specific application. For instance, in 

wind speed measurement application 

event driven model is adopted. In 

other applications such as target 

tracking, data should continuously be 

collected and delivered to the base 

station. Downstream data movement 

occurs only in situations where 

query-driven is to be utilized such as 

in the cases of requesting data or 

sending control commands from the 

sink to other nodes. Query-driven 

traffic is similar to the event-driven 

case except that the data is pulled by 

the sink in the first case while it is 

pushed by the sensor nodes in the 

latter [7].  

In some cases, it is necessary to 

include a combination of the three 

models: continuous, event and query-

driven types [7]. 

Congestion is a common problem in 

a packet switched networks. 

Congestion occurs whenever data 

sources are pushing data at rates 

exceeding the capacity of the 

network at one or more intermediate 

routes, which in the case of WSN 

passes through one or more nodes. 

Packet drop is inevitable when traffic 

congestion occurs and that has 

serious negative implication on the 

QoS of the network [10]. 

Several types of researches have been 

done in the area of congestion in 
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wireless sensor network, clustering 

technique and the effect of sink node 

mobility [2,4,9,12-17,19-22]. 

 

II. The Proposed Algorithm of 

Wavelet Neural Network 

Congestion Controller 

(WNNCC): 

The controller is deployed at the 

buffer of the sink node side in order 

to control the data rate of active 

cluster head nodes as a measure to 

reduce congestion in the network. 

When the traffic is received by the 

sink node the congestion detection 

starts checking the state of the sink 

buffer. 

When the buffer occupancy reaches 

90% full, the congestion control is 

activated. Next data traffic is then 

estimated at t+1 and the controller 

decides accordingly whether to 

increase or decrease the data rate of 

active cluster head nodes. Otherwise 

the rate is set to 225 packets of active 

cluster head nodes as shown in the 

following statements. 

 

 

 

 

 

 

 

 

 

Where  

T: The Traffic of an active cluster 

head node. 

Bf: The buffer size. 

The neural network is used to 

estimate the traffic of an active 

cluster head nodes with different rate. 

An updating the weight of layers is 

accomplished by using the error E 

between the desired buffer and 

occupancy buffer. The Back 

Propagation (BP) training algorithm 

is used for updating the connection 

weights. 

The activation function of the hidden 

layer neurons is the modified wavelet 

function. There is one hidden layer in 

the design of the neural network. 

The neural network consists of three 

layers to accomplish traffic signal 

controller. The number of neurons in 

each of the three layers are as 

follows: There is one node in the 

input layer while in the hidden layer 

there are seven nodes (by trial and 

error) and one in the output layer. 

The structure of neural network is 

shown in Fig. (1) where Ψ is the 

wavelet function. The input of the 

neural network is the traffic from 

active cluster head nodes and denoted 

by T(t). The output of neural network 

is the estimated traffic in the next 

time denoted by   (t+1). 

If (T > (0.9*Bf))  

Activated congestion control 

Compute traffic 

Compute rate 

Else  

Rate= 225 (90% of buffer size) 

End 
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Fig. 1 Structure of the Wavelet Neural 

Network. 

The modified Gaussian wavelet 

equation is used as an activation 

function of this network as given in 

equation (1) and the derivative of this 

activation function as given in 

equation (2) [5].  

 ( )  
    ( )

√  
   

    ( ) 

         …(1) 

 ̂( )  
 

√  
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  (      ( ) )   …(2) 

The following equations, perform the 

step of adjusting the weights during 

training phase using linear transform 

to estimate the next traffic [6,8]. 

    ( )      ( )               …(3) 

    (    ( ))                    …(4) 

Here b represents the input and 

hidden layer neuron index while    

is the weight of the connection 

between the input layer neuron and a 

hidden neuron. T(t) is the input at 

time t fed to the input layer. Gaussian 

function is chosen to be the activation 

function as defined by equation (1). 

The following equation represents the 

output of the output layer neuron. 

 (   )  ∑                     …(5) 

Here,      represents the connection 

weights between the hidden and 

output layer. 

The least mean squares are adopted 

as a measure of error and are defined 

in equation (6); as : 

      
 

 
∑ (    (   ))
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Od: denotes the desired output.  

The network is trained, that is the 

weights are modified using the 

backpropagation algorithm as per 

equations (7) and (8): 

        ( )                    …(7) 

 ( )      (   )             …(8) 

Where E(t) is the error used to adapt 

the weight in NN , and   is the  

learning step size (set here to 0.05 by 

trial and error). 

The weights between the output and 

hidden layers are modified as in 

equation (9) 

   (   )     ( )         …(9) 

While the connecting weights 

between hidden layer and input layer 

are modified using equations (10) to 

(12): 

  (   )                   …(10) 



  
          381 

 
 

Asst. prof. Dr.Nadia Adnan                Association of Arab Universities Journal of Engineering Sciences  
Nariman Riyadh Mohammed Ali Al-Tahan                                             NO. 1     Volume. 25     Year. 2018   

          ( )                …(11) 

    ( )     (
 

√  
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Where δb represents the hidden layer 

error. 

Another controller is deployed using 

Neural Network with unipolar 

sigmoid activation function to 

compare it with WNNC. 

The structure of this network is one 

node in the input layer and seven 

nodes in the hidden layer and one 

node in the output layer, the learning 

rate is 0.01 (by trial and error). 

Fig. (2) shows the block diagram of 

the congestion controller. E(t) is the 

error used to adapt the weight in the 

NN as given in equation (8) and to 

estimate the next traffic the following 

equation derived from block diagram 

is used:  

 (   )        ( )  
                       (   )             …(13) 

Where  

 : The proportional gain. 

 (   ): The estimated traffic load 

of the network in the next time. 

 

Fig. 2 Block diagram of controller. 

The Controller of Rate (CoR) divides 

the estimated traffic calculated from 

Buffer Occupancy Control (BOC) 

among the upstream active cluster 

head nodes. The distribution of the 

rate is arranged proportionally to the 

node rate in previous time to achieve 

fairness among the nodes. This can 

be explained in equation (14). 

  (  (   ))   (   )  
  (  ( ))

∑    
 
   

  …(14) 

Where  

 m: the of number of active cluster 

head nodes. 

  (  (   )) : the new rate is 

communicated to upstream node    to 

avoid congestion in next time. 

The CoR calculates the new rate for 

each traffic source. The new rate is 

then sent to the CoR. In turn the CoR 

will be responsible for notifying all 

the active nodes of the new rate by 

including the value of the new rate in 

the packet header of message 

acknowledgement. 

The flowchart (Fig. (3)) shows the 

overall units of the proposed 
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modified Wavelet Neural Network 

Congestion Controller at the mobile 

sink node using WNNCC to estimate 

the network traffic and distribute it 

among active cluster head nodes 

fairly. 

III. The Network Design 

The network consists of five clusters.  

Each cluster contains nine source 

nodes and one cluster head. When an 

event occurs in one of these clusters, 

source nodes sense the data then 

sends it to the cluster head.  

Furthermore, the cluster head sends 

the packet to the sink node when the 

sink node moves in this cluster 

vicinity. 

The mobility of sink node in this 

network is random.  It starts moving 

at time 0.0 second among the 

clusters, then stops at random 

location close to one cluster or 

between two or three clusters for 

twenty seconds period. It then moves 

for another location then stops and so 

on until the simulation time finished. 

The simulation time in this network 

is 200 second and the speed of 

mobile sink node is random. 

IV. Simulation Model and 

Parameter 

The model contains one mobile sink 

sensor node that is moving randomly 

among clusters. The transmission 

data that is collected by wireless 

sensor nodes are generated randomly, 

when an event occur in any cluster 

the source node sends the data to the 

cluster head node then the cluster 

head node send it to the sink node.

 
Fig. 3 Flow Chart diagram of the 

proposed congestion controller. 
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In the simulation model, the type of 

simulated traffic is Constant Bit Rate 

(CBR). The size of each packet is 

512 bytes, the buffer size of each 

source node is set as 50 packets, the 

buffer size of the cluster head node is 

150 packets, and the buffer size of 

the sink node is 250 packets. 

Fig. (4) shows the simulation model 

before running. 

The performance is measured after 

10 simulation rounds. The time of 

simulation round is 200 second. The 

simulation parameters are 

summarized in Table 1. 

 

 
 

Fig. 4 Simulation Model before 

Running. 

Table 1. Simulation Parameters. 

 

Parameters Values 

Simulations 

Area 
550*550    

Simulation Time 200 sec 

Number of 

Nodes 
45 

Number of 

Cluster  Heads 
5 

 

Table 1. continued 

Number of 

Sinks 
1 

Routing 

Protocol 

Ad-hoc On-

demand Multipath  

Distance Vector 

(AOMDV) 

Buffer Size of 

Node 
50 packets 

Buffer Size of 

Cluster Head 
150 packets 

Buffer Size of 

sink 
250 packets 

Packet Length 512Byte 

Channel 

Bandwidth 
2(Mega bit per sec) 

Bit Rate 1(Mega bit per sec) 

Radio 

Propagation 

Model 

Two-Ray-Ground 

model 

Channel Type Wireless Channel 

Traffic Type CBR 

Antenna Model 
Omni directional 

antenna 

MAC Layer IEEE 802.11 

Interface Queue 

Type 
Queue/DropTail 

Sink Speed Random 

V. Simulation Results 

The NNCC and the WNNCC are 

designed in the sink node, depending 

on the wireless sensor network 

shown in Fig. (4), the performance 

metrics are measured, such as the 

Throughput, the Packet Delivery 

ratio, the End_To_End delay and the 

packet-loss, and compared with the 

NCC.  

Throughput: 
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It is defined as the total number of 

packets received per unit time 

[3,7,11], Fig. (5) shows the 

comparison between the average 

throughput with NCC, NNCC and 

WNNCC over ten rounds. 

 

Fig. 5: The Average Throughput with 

NCC, NNCC, and WNNCC over ten 

rounds. 

End-to-End Delay: 

Delay is defined as the duration when 

a packet enters a queue of a 

beginning node until it arrives at the 

ending node [3,7,11]. The definition 

of beginning and ending nodes 

depends on the type of delay. The 

End-to-End delay is the type of delay 

that is used in paper. The End-to-End 

delay is the duration time of the 

cluster head node that transmits data 

to the sink node. 

The comparison between the average 

End-to-End Delay with NCC, NNCC 

and WNNCC over ten rounds is 

shown in Fig. (6). 

 

Fig. 6: The average End-to-End Delay 

with NCC, NNCC and WNNCC over ten 

rounds. 

Packet-Loss: 

Is defined as the difference between 

the number of packets sent by the 

source and   the number of packets 

received at the destination [3,7,11], 

the count of packet-loss is decreased 

with WNNCC and NNCC in 

comparison with NCC over ten 

rounds as shown in Fig. (7). 

 

Fig. 7 The count of packet-loss without 

and with WNNCC over ten rounds. 
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Packet Delivery Ratio: 

It is the ratio of received packet over 

the sent packet in the network 

[3,7,11], the packet delivery ratio is 

increased with WNNCC in 

comparison with the packet delivery 

ratio with NNCC and NCC, as shown 

in Fig. 8. 

Fig. 8 The Packet Delivery Ratio with 

NCC, NNCC and WNNCC. 

VI. The performance of wireless 

sensor network design: 

Fig. 9 shows the ratio of increase and 

decrease for the performance metrics 

with NNCC compared with NCC in 

percentage, Fig. 10 shows the ratio of 

increase and decrease for the 

performance metrics with WNNCC 

compared with NCC in percentage, 

and Fig. 11 shows the ratio of 

increase and decrease for the 

performance metrics with WNNCC 

compared with NCC in percentage. 

These ratios are calculated using equ. 

15. 

      
(     )

  
            …15 

Where 

    referred to the New performance  

metrics with WNNCC. 

    referred to the Old performance  

metrics without WNNCC. 

Fig. 9 The ratio of increase or decrease 

the performance metrics for ten rounds 

with NNCC in compared with NCC. 

 

Fig. 10 The ratio of increase or decrease 

the performance metrics for ten rounds 

with WNNCC in compared with NCC. 
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Fig. 11 The ratio of increase or decrease 

the performance metrics for ten rounds 

with WNNCC in compared with NNCC. 

VII. Conclusions 

This paper proposed a congestion 

controller algorithm that is 

implemented in WSN using NS2 

simulation software. We calculated 

the average of performance measures 

to achieve more accurate indicator. 

The outcome of implementation 

indicates the following conclusions: 

1. The proposed algorithm 

WNNCC enhances the 

transmission rate and reduces 

the level of congestion, resulting 

in a better overall performance 

of WSN. 

2. The WNNCC improves the QoS 

in the form of End-To-End 

delay and Packet-Loss 

minimization as well as 

enhancing the throughput and 

Packet Delivery ratio of the 

network. 

3. The Average throughput 

achieved by WNNCC algorithm 

is better than that NNCC as 

shown in Fig. (11). 

4. The Average End-To-End delay 

achieved by the WNNCC 

algorithm is lower than NNCC 

as shown in Fig. (11). 

5. The WNNCC algorithm give 

less average Packet-loss than 

that NNCC as shown in Fig. 

(11). 

6. The WNNCC algorithm give 

high Packet Delivery ratio than 

that NNCC as shown in Fig. 

(11). 
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السيطرة على اثار الازدحام في شبكات الاستشعار اللاسلكيه مع عقده تجميع متحركة اعتمادا على الشبكة 
العصبية المويجية 

نادية عدنان شلتاغأ.م.د.   

/ جامعة بغدادالحاسبات ههدسة قسم  

 نريمان رياض محمد علي 
/ جامعة بغدادههدسة الحاسبات قسم  

  -:لخلاصةا
شببحت  ااتشطاببا تااتيشببنتتاااياببااااش شبت ااااتىطنببااادةاووببااادا بب ااثوبب  ااتطاببنتهااد بب ت اتاببحتااااصبح ااتطوببلتاتطوحت بب  اا

اتشطاا تااتيشنتتاامًاادَب وااتبتاكابتدااب ي اتينبطَ ٌاوبُاىطتمباااكطنب نااا باامبًاا مبداثمطونحب  اك يتبااثاكب ااتيطبااوَب ااااااااااااااااا

دتاشااتاطن داا  اااتطمنتعااتتاكيط داواتدااالائ اوينامج متعاا ب ااتابحتاااااتماك  يه,اااٍذاااتححثاثا ت تَ اااذا ااتلقت.

تماكب تي اٍبذاااااتغاضاانينامنطلىاالخ مااااطنب دااانبمامنبتوااذاب .اصبنهاٍبذااادنبتوااو اطنب دااتابحتاااتاابحتااادل تبا.ااااااااااا

تداءالهببذاااتيطبب واتم بب اتماااطنبب دا بب ا ااادنببتوااواببتداتبب امطاببداو شببطم اوالالاتامتبباااتىطابب تاالخنخبب .اثتتبب ايببطهاالاطحبب تاااااا

اظَبا اىطب ئاااك اب اااٌاالخلاتامتباااد ةسبااانبًااتداءامبًااااااااا.Ubuntu 14.04,ااثاتذياتماكيابتحُاانبماااا (NS-2)اتاحت  

اىنبحاااستثاك نتدااتلاطي قاثكاو اا مدااداءااتمضداثما لااانماتنباااااياب لااتحت ىب  ,اثىنبحاااياب لااتمضبداتنحت ىب  اا ب تمااا اااااااا

 أ,اانماس شحااو دلاصخ  ااتط تتا:4102تماك تي ااتاحتاااتااحتااو شطم اواواى ماام كيبااك لا ااقداثىنحاا ت نااثطأاتنحت ى  .

windows 7 (32-bit), core i5, RAM 4 GB. 


