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Abstract- In underwater acoustic sensor networks (UASNs), in which several transmitters with the same power send data to 
the sink. Then, the sink will collect more interference since of the slow- fading of signal, because of this, a higher outage 
probability and high energy consumption occurs. The Power control (PC) algorithm can investigate the accumulative 
interference of randomly deploying nodes by constructing the network model and can reduce this interference by changing 
the power control factor (k). Therefore, the power control method can successfully reduce the outage probability, and 
improve the transmission capacity. The simulation results display that the proposed algorithm can effectually reduce the 
outage probability by 19.04%, and the transmission capacity is improved by 17.64%. 
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I. INTRODUCTION 
 
An Underwater acoustic sensor networks (UASNs) is 
constituted by various sensors and underwater 
vehicles, which are conveyed in a particular 
underwater region to execute collaborative 
monitoring tasks. Vehicles and sensor nodes convey 
with each other through acoustic signals. Acoustic 
communication can be interrupted by the underwater 
environment, and the most regular one is the 
multipath interference [1]. 
 
An underwater sensor network shown in figure 1. In 
this figure, network has a multi-hop topology in 
which a few trees are established at the base station, 
and information (data) flow is dependably toward the 
base station. At the base station, the convergence of 
data is suitable for underwater sensor networks since 
sensor information in these networks is ordinarily 
sent to shore for gathering and analysis [2]. In this 
network topology, nodes monitor the conditions of 
their surrounding environmental, and periodically 
send the gathered information towards a surface 
station or central shore, which successively processes 
and collects the data.  
 
The major one is contemplations for the advancement 
of such a network is the power consumption at 
individual nodes. The communications of nodes are 
separated through different frequency channels. In 
this figure, a node A uses a channel with a higher 
frequency which consumes extra power than a node B 
which is using a lower frequency channel because 
underwater signal propagation relies on both distance 
and frequency.  
Thus the battery assets at A run out sooner than the 
assets at B. In any spectrum allocation scheme, the 
higher frequency defines the worst case in terms of 
power consumption, and in terms of battery lifetime 
of the network. 

 
Fig.1. underwater sensor network [2] 

 
In the plan of access layer, access layer usually 
controls different (nodes) users who share their 
spectrum. And also assure that the data packet, which 
is received effectively. Transmission of random 
access of the access layer, the usual form is ALOHA 
and CSMA [3]. For UASNs, several transmitters send 
data to the sink using with the same power. Then, the 
sink will collect more interference reason of slow 
fading signal, which will prompt to a more outage 
probability. In a power control scheme which can 
pick the optimal transmitting power for every node in 
view of a given topology. This scheme is expected to 
minimize collisions, outage probability and power 
consumption in the system. The optimum power 
control conspire has been proposed in underwater 
wireless networks, of which the principle thought is 
to utilize distinctive power levels for enhancing the 
performance  
In this paper we presented the optimal power control 
algorithm which is optimal interrupt (outage) 
probability based. The design principle of the scheme 
is to utilize the concept of random based geometry to 
establish a random SINR mathematical analysis 
model. Under this state, transmitter sends base 
channel attenuation (data) information at less than the 
power maximum transmitted. As per the channel 
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fading, optimal the transmission power for reducing 
the interrupt probability, and also enhancing the 
transmission capacity. By using this scheme, we get 
reduction of outage probability and enhancement of 
transmission capacity, due to reducing the 
transmission power. And also compare with power 
control and without power control scheme in 
simulation results. 
This paper is organized as section 2 discusses model 
of network system. Section 3 discusses with 
performance evaluation parameters. Section 4 
discusses simulation results and comparison. Finally, 
Conclusion is discussed in section 5. 
 
II. SYSTEM MODEL 
  
In this model, we consider a distributed underwater 
wireless network usage by I+2 nodes in the system. 
Node I+1 aims to transmit a message to node 0 
(transmitter communicates with a reference receiver 
that is an away from distance d meters), this consider 
a pair of reference nodes (transmitter	TX  – 
receiver	RX ) and node 1 to I are potential interferers 
(treated as noise). Each node from 1 to I+1 transmits 
independently in the network plane. In this network, 
the presence of node have a lot of mobility, the 
assumption of the transmitter position is sensible with 
the homogeneous Poisson point process, of density λ 
(users m⁄ ) in the 2-D plane [4]. 

 

Fig.2: Network Model (Random placed node) 
 

In this figure, the reference receiver (RX ) is placed at 
the origin. Let 	X  is the distance between the I 
interfering node and RX   node (reference receiver). 
Let H ,  denote the channel (random) fading 
coefficient of the I interfering node to the reference 
receiver at the origin, let H ,  denote the channel 
(random) fading coefficient of the I+1 transmitting 
node to the reference receiver (RX ), the path loss 
exponent is denoted as α, and noise is denoted as N . 
Therefore, the (random) SINR model at the RX  
(reference receiver) is expressed as: 
 

SINR = 	
p H , d

∑ p H , X∈ + 	N 																															(1) 

Our assumption that the transmitter have the 
knowledge of  channel condition and the transmission 
power p  may depend on the channel. 

III. PERFORMANCE EVALUATION 
 
To examine the feasibility of the proposed optimal 
power control scheme it is compared with the no 
power control scheme. Performance is inspected 
applying the accompanying measurements 
 
3.1. Outage Probability  
The outage probability occurs whenever the SINR 
value at the reference receiver falls below a threshold 
value β. Therefore, the outage probability q (λ) can be 
expressed as: 
q(λ) = P(SINR < β)																																																	(2) 
The outage probability is usually increasing 
continuous as function of density λ (users m⁄ ). 
A.  No Power Control (NPC) 
In case of (NPC) no power control, the following 
approximate expressions of the outage probability is: 
q ( )(λ)

= 1−	e exp −λπΕ H Ε Η S | 		(3)		 
where	δ = 2/α		, α is the path loss exponent (0 < α < 
2). When the background noise is 0, then the outage 
(interrupt) probability can be expressed as: 

q ( )(λ) 	≈ 1−	e Ε Ε Η 															(4)					 
The term Ε H  is due to the fading of interfering 
signal while the term Ε Η  is due to the fading of 
desired signal. 
B.  Power Control (PC) 
In case of power control (PC), the following 
approximate expressions of the outage probability is: 
q ( )(λ) =
1−
							e exp −λπΕ H Ε Η Ε Η ( ) S |   
                                                                                  (5) 
Where k is denoted as the control index ((0≤푘≤1) of 
the power control. if k=0 corresponds to NPC state 
and channel inversion state corresponds to k=1. When 
the noise is 0, the outage probability approximate 
expression can be expressed as: 
q ( )(λ)
≈ 1−	e Ε Ε Η Ε Η ( )

																						(6) 
According to channel fading coefficient, the 
transmission power is adjusted by using the 
expression: 

			P = 	
P

Ε[Η , ]
	H , 																																							(7) 

When k=0, in formula (7) expresses the transmitter 
sends data using the maximum power (no power 
control state). When 푘=1, in formula (7) indicates the 
inversion channel state. When k= 0.5, which denotes 
the minimum interrupt (outage) probability and 
denotes the maximum transmission capacity (power 
control state) [4]. 
 
3.2. Transmission Capacity 
The transmission capacity is described as the total 
number of mutual successful communication in the 
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network with unit area, while the interrupt probability 
is limited. The formula of transmission capacity is as 
follows: 
C(ε) = λ(ε)(1− ε)																																																							(8) 
Where  λ(ε) is define as the maximum intensity of 
attempted transmissions, and ε = q(λ) is the interrupt 
probability. 
A.  No Power Control (NPC) 
In case of no power control (NPC), the transmission 
capacity (whenN = 0) from (8) can be expressed as 
by using equation (4): 

C( )(ε) = −	
log	(1 − ε)
β πd

1
Ε[H ]Ε Η

										(9)					 

	where	δ = 2/α		, α is the path loss exponent, d 
denoted as the distance between transmitter and 
receiver, H defined as the channel fading coefficient, 
	β is the prescribed threshold value. 
B.   Power Control (PC) 
In case of (PC) power control, the transmission 
capacity (whenN = 0) from (8) can be expressed as 
by using equation (6): 
C( )(ε)

= −	
log(1 − ε)
β πd

1
Ε[H ]Ε Η Ε Η ( ) 									(10)	 

In this expression (10), when k=0.5, we get minimum 
interrupt probability and maximum transmission 
capacity. 
 
IV. SIMULATION RESULTS AND 
DISCUSSION 
  
The Presented work is simulated through matrix 
laboratory (MATLAB). MATLAB is a high language 
performance wise for technical computing. In graph 
shows two lines for representation of two different 
schemes. Red line indicates No power control scheme 
and Blue line indicates optimal power control method 
results. In Figure 3 (α=2), k range between 0 to 1. 
When k=0, and k=1 (no power control) in this case 
high outage probability is obtained and transmitter 
sends the data (information) with maximum power 
which may leads serious interference to the reference 
receiver. Hence, this power control scheme is used to 
reduce the outage probability. When 푘 = 0.5 (PC), we 
get outage (interrupt) probability value is 0.0176 
which is minimum. When k=0 and k=1 (NPC), we 
get maximum outage probability and the value is 
0.0208. Therefore, the attuned outage probability is 
significantly reduced by 19.04%. 

Fig.3:  Outage probability vs k 

As in figure 4 When k=0, and k=1 (NPC) in this case 
low transmission capacity is obtained. When 푘 = 0.5 
(PC), we get the maximum transmission capacity, the 
value is 3.27 × 10 . NPC, we get the value of 
transmission capacity is	2.84 × 10 . Through PC, 
the transmission capacity can be enhanced by 17.64% 
when the outage probability is restricted. 

 

Fig.4:  Transmission capacity vs k 
 

 
Fig. 5: Outage Probability for the PC and NPC scheme. 

 
As shown in figure 5, the outage probability differs 
with signal to noise ratio from 0 dB to 70 dB, and we 
can obtain reduce outage probability when (k=0.5) 
using the power control algorithm. Therefore, the PC 
algorithm can effectively reduce the outage 
probability. 

Fig. 6: Transmission capacity for the optimal power control 
scheme and without power control scheme. 
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As shown in figure 6, the transmission capacity varies 
with the number of interfering nodes from 5 to 50 
(density λ is users/km ), and we can obtain 
enhanced transmission capacity when using the 
power control algorithm. As the number of interfering 
nodes increases, the outage probability increases, and 
transmission capacity decreases. As in figure, we can 
see the compare of without power control (NPC, solid 
line) scheme and with power control (PC, Dashed 
line) method.  
 
CONCLUSIONS 
 
From the simulation result, we conclude that our 
proposed Power control (PC) algorithm based on the 
reduction of outage probability. This PC algorithm 
proposed the network model. The model solves the 
mobility, and random problems, growing interference 
problems in the design of random access method for 
underwater wireless network. The PC algorithm can 
adjust the transmission power as per the channel 
fading. Under the base of the approximate expression 
for the outage probability and the approximate 
expression for the transmission capacity, to get the 
minimum interruption probability, the maximum 
transmission capacity is obtained under distinct 
network parameters. Compared to NPC, the PC 
algorithm reduces the outage probability by 19.04 % 
and improve the transmission capacity by 17.64%. 
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