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Abstract—Dual hop communication is an efficient technique for 

the broadcasting of energy in upcoming wireless transmission 

particularly in the Internet of things, (IoT). Energy consumption 

is a major issue for 5G communication networks. Hence the main 

role is to constraint the power and improves the energy efficiency 

of 5G networks. In this paper, the power consumption is 

minimized to improve the energy efficiency of the 5G network. 

In particular, we focus on power splitting in single and multi-

user cooperative communication (CC) systems where the 

communication between transmitter and receiver is achieved in 

two-phase transmission. The non-linear issue has been solved by 

the near to closeness expression. In the proposed scheme the 

Lagrange method is used to evaluate the solution to non-linearity 

of system energy efficiency to the finest resolution. We 

formulate the corresponding algorithm design as a non-convex 

problem by making use of Dinkel-bach algorithm and Lagrange 

Dual decomposition method. However, this method is more 

time-consuming so the non-convex problem is further optimized 

by using a Bio-inspired Genetic Algorithm (GA). On comparing 

the simulation fallouts of the proposed-scheme with the 

previously published work the efficiency of the proposed scheme 

has been observed to perform better as compared to existing ones. 

 

Index Terms—Energy Efficiency (EE), Genetic-Algorithm 

(GA), Internet of Things (IoT), Lagrange method, Signal to    

Interference Noise Ratio (SINR), Optimum Power Allotment 

(OPA) 

I. INTRODUCTION 

Fig. 1. represents the graphical abstract of the proposed 

work. Energy efficiency of single and multi-user 

cooperative communication is achieved by power splitting 

scheme. The non-convex problem of power splitting 

scheme is formulated and solved by Optimum power 

allocation (OPA) scheme using Dinkel’s bach and 

Lagrange Dual decomposition. Also, the efficiency is 

calculated by OPA with Genetic Algorithm and the 

comparison is done with the equal power allocation. 

In future wireless technology like 5G-based Internet-of-

Things (IoT), the total device connections are going to 

increase exponentially. Therefore, two challenges need to 

tackle, first the sagacious use of the spectrum. Second, the 

massive objects consume high power with the rise in the 

number of devices [1], [2]. The solution to the formal 

problem is to exploit the use of massive MIMO (m-MIMO) 

[3], [4] Device-to-Device (D2D) communication [5] 

Multi-Carrier Modulation [6], [7] heterogeneous network 

[8] Non-Orthogonal-Multiple-Access (NOMA) [9]. For 

solving later various algorithms such as transmit selection 

of antenna (TAS) has been proposed [10] however there is 

a tradeoff between computational complexity and 

performance. Both the solutions cause a significant 

increase in power and energy consumption. According to 

the Ericson Report 2020 [11] 3.6 billion 5G subscribers to 

be estimated by the end of 2026 and increases 50 percent 

of mobile data traffic. There is also a dramatic change in 

energy consumption. Thus, it is essential to make the 

system energy-efficient. Green-communication with 

better energy efficiency and less computational 

complexity in 5G networks is a strenuous problem [12], 

[13], [14]. At present energy-harvesting [15], [16] from 

the surroundings is an intending way to increase the 

lifetime of Energy Controlled Wireless Networks, 

(ECWN). To proceed with the contribution and to 

accomplish green-communication two methods as shown 

in Fig. 2, the first one is energy-efficiency, which uses less 

energy to give more information. The second one is 

energy-harvesting, which collects and alters the energy 

from various resources like wind energy and wireless 

energy, etc. to replenish the rechargeable battery.  

 
Fig. 1. Graphical outline 
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Primarily three approaches execute to attain wireless 

energy harvesting, which includes Radio Frequency (RF) 

energy- harvesting [17], inductive resonant-coupling and, 

resonance magnetic-coupling [18]. One of the drawbacks 

of these methods is that they are inappropriate for long-

distance transmission because the attenuation is highly 

effective for long-distance transmission, whereas RF 

energy-harvesting is reasonable for long-distance 

transmission. There is a requirement of a cooperative 

multiuser system in the 5G communication system that 

makes the system more energy efficient. In a cooperative 

system, two-phase transmission happens. In the first phase, 

transmission takes place from source to relay, and in the 

second phase from the relay to destination. 

Fig. 2. Energy-harvesting outline 

A. Background 

Large research work is in trend from academics as well 

as the industrial side where the main focus is on 

establishing high energy-efficient communication systems, 

especially for the upcoming generation of wireless 

systems. One of the key solutions for energy efficiency is 

energy-harvesting [19]. The energy is harvested by 

utilizing interferences as shown in Fig. 3.  

 

Fig. 3. Illustrate interferences for wireless energy harvesting 

Although interference is a harmful feature that affects 

the quality-of-service (QoS) however, it can be used as an 

RF signal which carries information and energy together. 

This is an important paradigm for green-communication. 

Time Splitting is one of the methods to harvest energy [20]. 

Time splitting is a half-duplex process. The second 

method used for energy-harvesting is the power-

distribution scheme [21], [22]. In the power-distribution 

scheme, power splits as 𝜌 and −1 , the relay utilizes a 

portion of power received for energy-harvesting, and then 

the rest of the power for transmission of information. In 

paper [23], Energy Efficiency Optimization is executed 

for forward and amplify relay networks (AF) where 

energy harvest is done by the source using a power 

splitting scheme. Also, in paper [24], Energy efficiency 

optimization executes among the various users by multi-

pair amplify and forward relay where time switching 

protocol applies to harvest energy. Besides an 

optimization algorithm, a ZF beamforming and inner 

approximation execute in this paper. Paper [25] elucidate 

resource allocation to maximize energy efficiency by 

decode and forward relaying networks where power 

splitting and time splitting implement for transmission 

purposes.  

An iterative algorithm has been implemented to achieve 

an optimal solution and maximize energy efficiency. 

Energy efficiency optimization design for a MIMO system 

is investigated in [26]. In most of the erstwhile work time 

splitting and power, distribution methods have considered 

for energy-efficient green communication, also from the 

literature survey, it is seen that the power distribution 

method for the higher transmission provides better results 

than the time splitting method [27].  

B. Contribution 

The non-linearity inherent in the power distribution 

method is the major hurdle to energy-harvesting in IoT 
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networks. To optimize the energy-efficiency we propose 

an iterative algorithm where the optimization problem 

converts into subtractive form with the help of 

Dinkelbach’s method and Lagrangian dual method. 

Moreover, to address the challenge, we also propose a new 

bio-inspired method with the implementation of a power 

distribution scheme for energy-harvesting and 

information transfer. Bio-inspired Genetic Algorithm (GA) 

improves the viability of the MIMO framework by making 

it more energy-efficient. The fitness-function used in GA 

maximizes energy efficiency by having minimum power 

allocation into consideration. Further to the best of our 

knowledge, no work has been carried so far in this 

direction to address the energy efficiency in future 

wireless networks.  

In this paper, the main focus is on RF energy-harvesting 

system which transmits both information and energy 

simultaneously. This helps to enhance energy efficiency 

conditions. Resource allocation of multiuser system 

achieves by making use of power splitting scheme with a 

non-convex solution. The solution to non-convex obtains 

by Lagrange and Karush-Kuhn-Tucker (KKT) conditions. 

Consequently, we thought of a new bio-inspired method 

in which the power distribution applies to harvest energy 

and performs transmission of information. Bio-inspired 

GA implement for increasing the energy efficiency of the 

system as Lagrange and KKT is time-consuming. In this 

paper, the main center of interest is RF energy-harvesting 

because in RF energy-harvesting both information and 

energy are transferred simultaneously. This helps to 

enhance energy efficiency conditions. 

C. Organization 

The rest strategy of the proposed work follows as 

Section II proposes the system model, Section III proposes 

and demonstrates the mathematical model to exploit the 

energy and information in IoT networks, Section IV 

presents the solution for optimum power allocation, 

Section V explains equal power allocation, Section VI 

presents algorithm based on bio-inspired technique, and 

simulation outcomes in section 7. Lastly, and section 8 

brings the conclusion of the paper.  

II. SYSTEM MODEL BASED ON THE POWER 

DISTRIBUTION METHOD 

The system scenario for RF energy-harvesting is shown 

in Fig. 4. It shows energy harvesting between the source 

and destination with the help of a relay. 

The multi-user system consists of multiple transmitters 

(Sources) and receivers (Destinations) as shown in Fig. 5.  

A multi-user system (massive MIMO) is the backbone for 

up-coming 5G generation in which there is the use of a 

large number of transmitters and receivers for data 

transmission with a finite amount of power. With an 

increase in the number of antennas, the power harvesting 

condition improves. The power splitting ratio scales up 

and hence increases the energy efficiency of the system. 

We consider both, single and multi-user scenarios with 

complete CSI known in both cases. 

 
Fig. 4. Framework scenario for RF energy-harvesting 

 

Fig. 5. A multi-user system for energy and information transmission 

The total spectrum of the system is ß Hertz and the total 

numbers of subcarriers are n. Thus, bandwidth of each 

subcarrier is equal to ?n=B Hertz. The impulse- 

response of the channel is considered to be fast- fading. 

Received signal at the receiver i  on subcarrier 

 nl ......,,.........2,1  is given as  

)1(,,,,,,,

s

il

a

ilililiiilil zzxhspy ++=                   (1) 

where ililil hpx ,,, ,,  are transmitted information, power 

transmitted from the source node in the IoT network. i

and is  are fading coefficients from source to interference 

signal at 
thi  receiver on a subcarrier l with zero mean and 

variance equal to one, h~CN(0,1). 
s

ilz ,  and 
a

ilz ,  represents 

AWGN on 
thl  a subcarrier of the receiver node. i  having 

a mean equal to zero and 
2

za ,
2

zs as variance with 

notation as  h~CN(0,
2

za ) and h~CN(0,
2

zs ). ilI ,  is the 

co-channel interference having zero mean and 
2

,iin as 

variance on a subcarrier l  of a receiver i from various 

nodes allotted the channel with the similar frequency.
 

III. SYNCHRONIZED HARVESTING SYSTEM FOR ENERGY 

AND INFORMATION 

When a signal receives from the source, the passive 

(relay) node harvests power from the source. The power 
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division scheme for energy harvesting ad information 

decoding is shown in Fig. 6. During time T/2 a fraction of 

the power received   is for energy- harvesting at the 

relay node and the rest of the portion − )1(  is 

consumed to transfer information from source to relay. 

While as another half of T/2, the information transmits to 

the destination by consuming all the harvested energy. 

This imoroves the attainable throughput of the system. In 

this paper, the assumption of the perfect passive relay 

node is made which does not lead to any noise or power 

losses nor consume any power. 

 

Fig. 6. System model based on power distribution for multiple user 

system 

A. Resource Allocation 

A more energy-efficient transmission in wireless 

communication is a developing trend for future networks. 

Thus, we need a resource allocation algorithm design to 

ratchet up the energy efficiency of the system specified as 

the ratio of system capacity and the power  

SINR of the channel   .
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The maximum rate at which information transmits is 

given by Shannon channel capacity 

𝐶𝑙,𝑖 = 𝐵 𝑙𝑜𝑔2( 1 + 𝑆𝐼𝑁𝑅).
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The system capacity defines as the sum rate of bits 

successfully transferred to the node, expressed as 
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Subject to constraints 

.
1

, 
=

n

l

ilp        (6) 

Total power consumption in the objective function is 

equal to 

 ,),(   −+= iC P  (7) 

where  

.inidi +=                   (8) 

  represents power harvest at the base station.
id ,  

represent power harvest from the relay node for multi 

destinations. 
iin ,  depicts power harvest at relay node 

from interference signal and antenna noise. 
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0C
is a parameter that is constant and represents 

power dissipation in signal processing power consumption 

which also includes power dissipation by Radio 

Frequency chains (RF-chains).   is a constant that 

explains the inefficiency of the power amplifiers. The 

negative sign  indicates a fraction of energy from 

interference signals that harvest at the relay node. d >0 

consider power cost of hardware circuit and c > 1 is 

constant that denotes the efficacy of the relay node by 

converting the radio signal into an electrical signal 

B. System Energy Efficiency 

The energy efficiency of the system is equal to the ratio 

of channel capacity and power allocation i.e. the total 

number of bits per joule. 
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Since the sum of the log is a concave function thus 

energy efficiency equation is in concave form. Thus 

optimization of problem formulation is necessary. Energy 

efficiency is a quasi-concave function in terms of power 

allocation. Proof of quasi concavity is in lemma1. 

Lemma1:  The Quasi-concave defines as  

Let nf : →aS Real be a function defined for the convex 

set 
n

ea RS   then nf  is quasi-concave if upper contour 

or level set of nf  is convex that is 

  = )(: xfSx na  
is a convex set R   (13) 
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Our main focus is on 
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when 0  there is an empty set because 0),(    

and 0),(  p
. As 

 is affine for 0  and thus 


is written as  

.
),(

),(













p

                           (16)  

,0),(),( −  P                 (17) 

Since 0),(    is a concave function and 

0),(  p
 is an affine function to power allocation 

variable. Equation (17) is a concave function. 
  

denotes 

a concave set for .0 Therefore the objective- 

function is a quasi -concave function while considering 

the power allocation variable. From the above analysis, 

interference acts as an energy source that provides energy 

to the destination and expedites energy usage in the system. 

The above system varies from non -energy harvesting 

framework as the system takes advantage of interference 

in the energy harvesting receiver and thus energy 

conservation takes place. The energy efficiency gain 

because of energy harvest from interference is shown in 

the simulation section. 

C. Optimization of Problem Formulated 

The optimal energy efficiency policy 
 ,  obtains by 

solving  

,),(max
,







eff
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Subject to Constraint 
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.05 , lpC il 
                     (23) 
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IV. FRAMEWORK FOR SOLUTION OF OPTIMUM POWER 

ALLOTMENT (OPA) 

The objective function is a nonlinear fractional, non-

convex form whose fractional form converts into 

subtractive form with the help of Dinkel’s Bach and 

Lagrangian dual method to search the ideal solution. The 

maximal energy efficiency  

.
ρ)(P,Γ

ρ)Γ(P,
max

)ρ,Γ(P

)ρ,Γ(P
ú

pτ,

**

**

==                      (25) 

According to non-linear fractioning objective function 

in “(25)” converts into subtractive form using the 

Dinkelbach method 

ρ),(P,úρ)Γ(P,max
ρP ,

−
                            (26)

 

Subject to C1, C2, C3, C4, C5, C6 we propose an 

iterative algorithm to interpret equation (19) with a 

corresponding objective approach in the subtractive 

method as in equation (26). The proposed algorithm is 

summarized in Table I. In the main loop given in table, the 

subtractive form of the function is easy to grasp in contrast 

to the fractional form but a problem persists. The power 

splitting fraction in the channel capacity equation is a non-

convex function. However, the solution can be found by 

substituting the value of the power splitting factor  and 

find energy efficiency. Then the one with the highest 

energy efficiency value selects as an optimum solution. 

However, for fixed  , the problem is concave that 

resolves by Lagrange dual approach. 

TABLE I: AN ITERATIVE ALGORITHM FOR OPTIMAL TRANSMIT POWER 

1. Initializing of maximal iterations Imax; maximum transmitted 

power by providing the maximum tolerance  

2. Initialize the value of energy efficiency u =zero and set the 

iterative counter n=zero 

3. Repeat (Corresponding to the main loop) 

4. Solving the optimization problem in “(27)” for a given u and 

attain optimal power    allotment (   , ) 

5. If    −  ),(),( Pu then  

6. Converge is true 

7. Return    
),(

),(
?,,







 

 
= = 

p

and  

8. Else 

9. n=n+1 and set 

),(

),(






 

 
=

p

u  

10. converge is false 

11. stop if 

12. converge is true or n=Imax

 

 

A. Dual Decomposition 

The dual decomposition constraints C5, C6 

optimization executes by Karush-Kuhn-Tucker (KKT) 

condition where the solution for resource allocation is in 

the next section. Refer to equation (26) the dual 

decomposition problem is given as 

 ,,,,
max min £ .),,,,( 

                      (27) 

B. Dual Decomposition Elucidation 

In this portion, the solution for resource allocation is 

achieved by Lagrangian dual decomposition. The dual 

decomposition divides into two levels. In level 1, inner 

maximization in equation (27) comprises of n sub-

problems with a similar framework which resolves in 

parallel form. For solving this, we requisite the 

Lagrangian function of the original problem. 
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By implementing KKT condition and convex optimization 

for a given u in every single iteration of the Dinkelbach 

method, the Power allotment at the
thn )1( +  iteration 

updates as 
+
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𝑥+ = 𝑚𝑎𝑥{𝑥, 𝑜} = {
𝑥𝑖𝑓𝑥 ≥ 0
𝑜𝑖𝑓𝑥 < 0

                  (30) 

 

Thus power allocation is achieved by the water-filling 

scheme and power equal to 
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allocates differently to each subcarrier. 

In level 2, outer maximization in equation (27) is a 

leading problem. A dual problem solves by performing the 

iteration. Every single iteration source resolves n sub-

problem by implementing the KKT condition for a 

definite Lagrange multiplier set. The gradient method is 

then applied for updating Lagrangian variables given as 
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)(where 1 m , )()(),(),( 5432 mandmmm   are step 

sizes for updating derivatives of Lagrange multiplier and 

0n is iteration index. The Lagrange multipliers with 

an updated version implements for updating the power 

allotment policy until convergence is met. 

V. EQUAL POWER ALLOCATION (EPA) SCHEME 

In EPA power allocation is done by water filling, thus 

different subcarriers allocate different power while in EPA 

power to each subcarrier is the same as given below  
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Firstly, we find a feasible region 
S and then the global 

extreme value. To find a feasible solution we solve the 

equation )(, SkiC  , and the solution S
is obtained. Global 

minimum values of ),(max
,




seff
S




 is quasi-concave, 

S  therefore the unique stationary point 
S   which 

coincides with maximization is obtained from the 

derivative equation that is 

.0
).(
=






S

Seff 

                             

(39) 

Thus the solution of 
S  obtains as 

.

.

(max)(max)
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        (40) 

VI.   GENETIC-ALGORITHM (GA) 

GA is an evolutionary algorithm based on the 

mechanism of natural selection and the “survival of the 

fittest” concept (Darwinian Theory) [28]. Because of this 

successive generations become better. It provides 

flexibility, self-repair, and adaptation [29]. In linear 

programming computational cost is high. By 

implementing a genetic algorithm, the optimal solution 

achieves with less iteration. The genetic algorithm starts 

by initializing the population denoted by NP with random 

genetic material. Each chromosome provides a solution 

according to the fitness score [30]. The fitness value 

estimates by the objective function. Then crossover and 

mutation are done to provide the ideal solution. Elitism is 

performed in conventional GA that allows the gene with 

maximum fitness value to transfer to the next generation 

directly so that its traits do not change during crossover 

and mutation [31], [32]. An evolutionary algorithm 
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provides an optimum solution where power and capacity 

allocate according to water filling and Shannon capacity 

as a fitness function. 

A. Chromosome Encoding 

Chromosomes represent the form of genes and each 

gene can be in binary or string form [33]. Let us consider 

a case that there are five receivers. Each 
thk  chromosome 

is represented by a binary string as shown in Fig. 7. As 

there are five receivers the number of genes will be equal 

to five in the 
thk  chromosome. Each gene represents 8 

bits. Thus, the total number of bits in the chromosomes is 

equal to (8*5=40) 

 

Fig. 7. Chromosome mapping of channel capacity and power harvest 

Receiver 1 

1110 :capacity Channel

0101 : harvestedpower
                      (39) 

Let maximal power harvested is 15 joules and maximal 

channel capacity is 15 bits, then, for Gene 1, the first four 

bits represent the power harvested and the remaining bits 

represent the channel capacity. Refer to equation (8) we 

observe that if power harvested at any receiver is maximal 

then there will be minimum power consumption. Further, 

if the value of channel capacity calculated from Shannon 

equation (5) is maximal then the system will be more 

energy-efficient. On comparing the two genes, the 

maximum harvested power is in gene 2 and the highest 

channel capacity is in gene1

 B. Fitness Value 

After initialization and encoding of the chromosome, 

the next step is to evaluate each chromosome by 

measuring its fitness [34]. The fitness is generally a real 

value, the higher the value, the closer the chromosome is 

to its optimal solution. The fitness function refers to (19) 

is given as 

 
),,(max

,



=


efff

                            
(40)

  
 

Subject to 
            .6,5,4,3,2,1 CCCCCC

                                                                                       
 

C. Selection Of Chromosomes 

Chromosome selection is based on a fitness function. 

Chromosomes with maximum fitness cost select for the 

mating process. The total mating pool during the initial 

selection is Sp RN  . Where SR  is the selection rate that 

is equal to 0.8 in our case. For an existing pool, a pair of 

parent chromosomes are selected and mated by 

performing crossover. 

D. Crossover Technique 

After selecting the chromosomes, the next stage is to 

execute crossover (c.o.) on selected chromosomes 

centered on fitness value. Crossover is a technique in 

which the traits of a pair of parent chromosomes are 

swapped with each other to create a pair of child 

chromosomes. The two-point cross-over is taken into 

account as shown in Fig.8. 

E. Mutation 

After performing the cross-over process, another action 

called mutation applies. The mutation alters binary bits 0 

and 1 of child chromosomes. The addition or insertion of 

binary bits helps to increase the variation of the 

chromosomes. In our situation, the mutation rate is 3%. 

 

Fig. 8. Two- point cross over for producing child chromosomes 

F. Proposed Genetic Algorithm and Its Convergence 

Genetic Algorithm is used for calculating the maximum 

harvested power and capacity that provides the optimal 

energy efficiency of the system as shown in Table II. It 

achieves the optimal solution with less time consumption 

and complexity. 

TABLE II: PROPOSED GA USING ASYMPTOTICALLY OPTIMIZED 

SOLUTION FOR ENERGY-HARVESTING 

Requirement: 

1. Channel capacity. 

2. Transmitted energy of the network  

3. Transmitted power of the network  

4. Threshold energy  

Ensure:  

1. Initialize population, let initial population size Y = 100 

2. For n= 1:1000 

      SINR=SINR+2 

       Calculate Power harvested from “ (9)” and “(10)” 

       Calculate Shannon capacity from “(37)”  

3. Calculate fitness function for evaluation of fitness cost (f) from 

“(41)” 

Calculate optimal energy efficiency from (18) 

  IF 

4. Power harvested and Shannon Capacity is maximum 

5. Calculate energy efficiency 

 ELSE 

6. Select the best chromosome and perform crossover 

               C1=P1 c.o. P2 
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                       C2=P2 c.o. P1 

                    Cld =[C1::C2]          

7. Apply mutation at a rate of 3% then  

8. Repeat step 3 and compute power harvested and channel 

capacity. Determine the fitness factor via step 3 

9. Stop till the total number of iterations reaches 1000 

G. Convergence of GA 

The total population represents as Y and each bit 

denotes by y. The total population is

},,{ .....321 NyyyyY = . The fitness function  

 yyyff iiy );(maxtoequalis  and global set is 

given as 

}.,;{ Optii

N

Opt OyyyyO =             (41) 

The genetic algorithm is modeled as a non -stationary 

function of the Markov chain. Let )(t  represent the total 

population. The first bits signify harvested power and the 

last bits represent a channel capacity. Considering the 

present analysis ),(tM denotes the population after 

performing mutation and ,.OC  represents the population 

after crossover. The population after performing the 

selection process is )(tS . Further )()1( tt S =+ . 

Thus )(),(),( .. ttt OCM  , )(tS  and )1( +t are all 

random variables of state-space Y . The mutation 

expresses as the probability matrix )(tPRM . GA 

converges to the global optimum value by satisfying 

lemma 2. 

Lemma 2:   

a) If ,)( N

OptOt  then for any time, 

.)1( N

OptM Ot +  

b) There exist a matrix equal to

50,...2,1),( =ttPRM , such that 

0)( =−
→

RMRM
t

PtpLim where . represents the norm

→ and 0,)( −+ mPtmP RMRM
 converges. 

Lemma 2(a) shows the individual with the highest value 

of fitness function retains in the mutation process. Lemma 

2(b) shows a convergence of the mutation transition 

probability. Similarly, the cross-over transition 

probability and selection probability matrix also satisfy 

the convergence property. 

H. Flowchart 

The Genetic Algorithm starts by initializing different 

Parameters such as initial population, power of the 

network, and the total number of iterations. Evaluate 

fitness of each chromosome from equation (18). If the 

power harvested and channel capacity are maximum. 

Calculate the energy efficiency of the system otherwise 

perform cross-over and mutation to form new populations 

and repeat the steps in Fig. 9. 

 
Fig. 9. Flow-Chart of genetic algorithm 

VII. NUMERICAL RESULT AND DISCUSSION 

The simulation of the proposed research validates by 

using MATLAB 16.0. Total bandwidth and subcarriers (n) 

into consideration are equal to 5GHZ Wi-Fi channel and 

128 respectively. Simulation parameters are shown in 

Table III 

TABLE III:  SIMULATION PARAMETER 

 

Multipath Fading Rayleigh fading 

Subcarrier frequency 40MHz 

Subcarrier number 128 

Interference -128dBm, -125dBm 

Minimum information rate minR  

25Mb/s 

Total power PTP 30dBm 

req

min  
0dBm 

Energy harvesting power 2dBm 

Total population 200 

Cross over-rate 0.5 

Mutation rate 3% 

 

Each subcarrier has a bandwidth (B) of 40MHZ. 

Interferences are 
2

za  and 
2

zs equal to -128dBm and -

125dBm respectively. The minimum data rate is equal to 
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10Mbit/s. Shadowing )( kS and path loss values )( k  

are equal to one so that there is a direct transmission of a 

signal. The system-performance is evaluated in 

association with power conversion, “c”, equipment power 

cost, “d”, and power distribution factor, “𝜌" . 

 

Fig. 10. Energy-efficiency achieved in response to minimum harvested 

energy at the power distribution factor equal to 0.1 

Fig. 10 depicts a variation of energy efficiency of the 

system with respect to energy harvested. In this case, we 

consider a single-user system. Equation (29) implements 

for optimization of energy efficiency by having fixed 

power dissipation factor 𝜌. From the results, it is observed 

that the energy efficiency first increases because 

throughput gain is higher than the power consumed. Thus, 

higher power is provided for deciphering information that 

improves system capacity and hence better energy 

efficiency. 

 

Fig. 11. Energy-efficiency in response to minimum harvested energy at 

the power distribution factor equal to 0.9. 

From the figure it’s seen that at 2dBm of harvested 

energy, the energy efficiency at c=2, d=300 is almost 

0.18Mb/J with OPA scheme using Lagrange and dual 

decomposition method and 0.08Mb/J with EPA scheme. 

Thus, there is an almost125% increase in energy 

efficiency when we compare two schemes of power 

allocation.  In the higher regime of harvested power 𝛾°, 
efficiency goes on decreasing because of increased power 

consumption. It is observed from equation (29) that with 

an increase in c and d the energy efficiency decreases due 

to an increase in the complexity of hardware circuitry, 

which is also realized from the simulation results. 

Fig. 11 shows that by implementing the OPA scheme 

with Lagrange and dual decomposition, the energy 

efficiency at 2dBm is almost 0.32 Mb/J and 0.21Mb/J by 

the EPA scheme. Thus, the percentage rise in energy 

efficiency is 52.3% with an increase in power splitting 

factor 𝜌.   If OPA is implemented with evolutionary 

algorithm GA as shown in Fig. 12 the overall efficiency of 

the system first rises and then remains constant in the high 

regime of  𝛾° because SINR allocated to each subcarrier 

reaches a constant value as SINR (capacity) becomes 

independent of 𝜌 that is 

.
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22

,

2
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 (45)

 

with the implementation of the genetic algorithm, the 

average value of the system performance improves, 

providing better energy efficiency values. However, the 

total population is taken to be 200, and the mutation rate 

is 3%. On the increase of both the parameters, the 

simulation complexity however increases. 

 

 

Fig. 12. Comparison of OPA and OPA with GA 

Fig. 13 shows the variation between the capacity of both 

EPA and OPA schemes. The results show that the Energy 

Efficiency of the OPA scheme by solving equation (18) 

increases monotonically with respect to the iteration 

number and then converges to the maximal EE value after 

some iteration. While as EPA scheme by solving equation 

(32) achieves optimal solutions at any iteration. The 

capacity of EPA is a little higher but on the verge of 

decreasing energy efficiency 
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Fig. 13. The average capacity versus the iteration number 

 

Fig. 14. The energy efficiency of proposed schemes versus total 

transmission power 

Fig. 14 shows the convergence performance of the 

multi-user system for optimization of EE of EPA, OPA 

with Lagrange and dual decomposition, and OPA with the 

GA scheme having interference level 402

, −=ki dBm. 

From the graph, it is clear that in the low regime of 

transmit power, (
max ≤ 15 dBm) energy efficiency scales 

up. The increase in energy efficiency is because of the 

improvement in system capacity. After max ≥15dBm, 

both schemes OPA and EPA converge to a constant value 

(steady-state). This shows that in the high regime of max , 

the increase in total transmit power does not improve the 

energy efficiency of the system. It is because the proposed 

algorithm halts the consumption of more power for the 

transmission of the radio signal. Thus, there is a trade-off 

between transmit power for an increase in channel 

capacity and consumption of energy needed. From figure 

it is clear that Energy efficiency at 10dBm is almost 1.8b/J 

by EPA scheme, 3.5b/J by OPA scheme with Lagrange 

and dual decomposition, and 4.5b/J by OPA with GA. 

Thus, the increase in energy efficiency from EPA to OPA 

with GA is 150%.  

 

Fig. 15. Average harvested power versus maximum power. 

As shown in Fig. 15 with increase in the number of 

receivers (desired power) or interference power, the 

amount of harvested energy is higher. Also proposed 

scheme OPA-GA harvest more power than the baseline 

OPA (Lagrange and dual decomposition) scheme as 

observed from Fig. 15. Thus, the power division scheme 

with OPA-GA improves the system EE and harvesting 

power. We have also compared the Energy Efficiency of 

single user system and multi user system all proposed 

techniques in Table IV. 

TABLE IV:  THE COMPARISON OF ALL PROPOSED TECHNIQUES 

Proposed Techniques Single user system Multi-user system 

Energy Efficiency(b/J) at 5dBm harvested energy Energy Efficiency(Mb/J) at 10dBm  

P max 

EPA  0.09 1.8 

OPA with Lagrange and Dual 

Decomposition 

0.16 2.7 

OPA with GA 1.7 3.5 

 

VIII.   CONCLUSION 

Different methods execute for energy-efficient green-

communication such as time-splitting and power 

distribution. New power allocation methods are developed 

in all kinds of deployment scenarios and to enhance the 

energy efficiency of the single and multi-user network by 

using various schemes such as OPA with Lagrange and 

dual decomposition method, OPA with a bio-inspired 
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genetic algorithm, and EPA. OPA using Lagrange and 

dual decomposition provides an efficient value of energy 

but it's more time-consuming so we can switch to the bio-

inspired-based new energy harvesting technique for 

improving the energy efficiency of the system.  The fitness 

function is calculated and the process of a pairing of 

chromosomes continues until the best fittest function is 

obtained. After applying the power distribution method 

with a GA provides an efficient technique for both 

information transfer and energy harvest. After applying 

GA, the result show energy efficiency increases by many 

folds. The energy efficiency increase in OPA with the GA 

scheme is 70% by considering the single-user system, 

whereas in the multi-user system is 94.4%. The results 

also show that as the wireless information node moves 

closer to the energy harvest node, more energy is 

harvested at an information node with less interference. 
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