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Abstract:  IoT is an emerging technology having a wide range 

of application areas. IoT applications are also affecting human 

lives. But these small devices are battery powered which is major 

problem for IoT systems. Wireless energy transfer is a good 

solution for such systems. Both information and energy can be 

transmitted together by wireless energy. In this paper, time 

splitting-based relaying (TSR) protocol is used by relay node to 

harvest the energy in IoT system. Here, dual-hop IoT system is 

considered for analysis. System with three different Wi-Fi 

protocols is examined against the energy efficiency at the 

destination node. All three protocols are analysed individually. 

Further, Particle Swarm Optimization (PSO) technique is used to 

optimize the energy efficiency of the considered IoT system. 

 
Index Terms: Energy harvesting, Internet of things, Time 

splitting based relay protocol, Wireless energy.  

I. INTRODUCTION 

  Internet of Things (IoT) is an intelligent worldwide 

network of uniquely addressable things for sharing data and 

performing complex tasks [1]-[2].  Things in IoT perspective 

is extremely sweeping such that it can be environmental 

elements, wireless devices, sensors, actuators, 

Radio-Frequency IDentification (RFID) tags and individual 

objects like tablets, smart watches, cameras, cell phones, etc. 

[3, 4]. IoT devices possess some characteristics like low 

power consumption, sensing/actuating method, 

communication and small size [5]. Internet of Things" was 

introduced by Kevin Ashton in 1998 in the area of wireless 

communication and networking [6]. IoT is defined in several 

ways by many researchers. Some of them are: 

-IoT is a 3A idea which means anytime any media can be 

connected to anywhere" [7]. 

-IoT represents an interaction between the two world, 

physical and digital, using a lot of actuators and sensors" 

[8]. 

-IoT can be defined as embedded networking and 

computing capacities in different types of object" [9]. 

As per IDC study, in 2020 predicted spending on IoT will 

reach to $1 trillion [10]. Fig 1 illustrates the worldwide 

growth of connected devices [11]. These connected devices 

will help to develop the smart environment by monitoring, 

managing, analyzing and taking intelligent decisions. IoT has 

already used in many sectors for surveillance,  
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Fig 1 Growth in Number of Connected Devices 

 

decision-making etc. Application domains of IoT are 

Transport, Health, Smart City, Home Appliances, 

E-governance, Logistics, Agriculture, Automation, Smarts 

grids, Supply Chain Retail, Industries (like Aerospace and 

Aviation, Pharmaceutical, Telecommunications) and many  

more [12, 13]. Various IoT application domains are shown in 

Fig 2. IoT is rapidly growing day by day. 

 

 
 

Fig 2 IoT application domains 

 

 

Today, IoT is an emerging technology and it is modifying 

the world we live in by progressing toward to interconnected 

model. Key feature of IoT devices is that they are battery 

powered. Due to small size of connecting devices, there is 
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also. Battery need to be replaced or recharged after a time 

duration. Many applications need sensors to be deployed in 

the unwelcoming territories. Though, replacement of battery 

is not impossible in these situations. But it is difficult task and 

sometimes it costs even more than the device's cost. 

Therefore, providing the sufficient energy to the IoT devices 

to operate is the prepotent obstacle in IoT networks.  

For powering a significant number of devices over a long 

duration of years, energy harvesting (EH) is most promising 

solution. Where battery replacement is frequent and tedious 

task, EH has a potential to power the devices for a long 

duration. EH is process of scavenging energy form the 

ambient sources which are always available. Harvested 

energy need to be converted into electric energy before use. 

Due to renewable energy sources, EH is gaining attention 

currently. Different types of renewable energy exist in 

surrounding like solar, wind, heat, mechanical, geothermal, 

hydro-power, radio frequency (RF) etc [14]. Employment of 

EH techniques can recharge the battery of node or can directly 

provide energy for operation. In both the cases, it will enhance 

the lifetime of both node and network. Therefore, Energy 

harvesting based designs are becoming more fascinating. 

Recently, EH networks have attracted a lot of attention in 

literature. Wireless EH techniques can be used to recharge 

batteries and thus enhance the network's lifetime [15]. Many 

studies in the literature have proposed techniques for EH in 

various application domains of IoT system [16]. Gorlatova et 

al. [17] focus the human motion thoroughly and characterize 

acceleration traces to harvest the kinetic energy for the 

practical IoT nodes. For increasing the efficiency, a 

storage-less and converter-less solar EH system is discussed 

in [18]. This system uses a PMU to control the PV voltage and 

also can perform MPPT tracking resulting in improved 

efficiency. Also, EH techniques can be integrated with the 

energy efficient algorithms. Such a integration work is 

presented in paper [1]. Here, EH is integrated with adaptive 

energy efficient technique (ABSD) has been proposed for 

WSN-enabled applications which harvest the roadside kinetic 

energy. Depending on the traffic patterns and remaining 

energy, sleeping period is changed. During the sleeping time, 

node harvests the energy for charging. EH techniques are also 

used in the IoT based healthcare systems. 

Babar et al. [19] point towards the efficacy of EH in 

healthcare. Regarding this, a conceptual framework for EH is 

discussed with big data processing in IoT enabled health 

monitoring. Its not only single type of energy that can be 

harvested by a particular system. More than one ambient 

energy can be harvested. Hybrid energy harvesting in IoT 

systems described by Vaisband [20]. This 3D heterogeneous 

platform can harvest the four different types of ambient 

energy (i.e. Electro Magnetic, Solar, Thermal and Kinetic) 

individually. 

Over the other energy harvesting techniques, wireless 

energy harvesting has a major benefit. This is only method  

which is capable of carrying both information and energy 

simultaneously. Node can obtain both energy for 

communication and information to process from the same 

received signal. The received signal can be divided into two 

parts. One can be used to serve as energy source and 

remaining can be used to acquire information. Many 

researchers worked with wireless energy harvesting [21]-[23]. 

This division can affect the performance of system. As the 

power transmitted by the source is both energy and 

information source for the receiver. So it should be 

considered how much amount of power should be transmitted 

by source node. So it is required to optimize the transmitted 

power to maximize the system performance. 

In this paper, a dual-hop relay system is considered in 

which energy efficiency at the destination node is optimized 

using PSO. Here, energy efficiency is characterized as the 

ratio of spectrum efficiency to the total power expenditure of 

the complete IoT network. To the best of my knowledge, most 

of the research work in this area considered numerical 

analysis methods to optimize energy efficiency which 

requires high computation overhead. However, we have used 

PSO to maximum energy efficiency by varying the power 

transmitted by source node that provides fast convergence 

with small computation overhead. We have optimized energy 

efficiency of IoT system with three Wi- Fi protocols 802.11 

b/g/n. 

II. MOTIVATION 

In today's connected world, everyone is expecting that 

almost all the objects from small watches to large size 

vehicles are connected to the internet. Most of these objects 

are small size wireless sensors. Major drawback of these IoT 

devices is that these are mostly powered through batteries. 

And key obligation is sensors are deployed in all type of areas. 

Therefore, powering the sensor by small batteries for a long 

duration is not a significant solution. Due to small size 

batteries, provision of power for long functional duration puts 

a limitation on the IoT devices. So, researchers have been 

thinking to acquire environmental energy for the IoT device. 

After collecting the surrounding energy, it can be directly 

used by the node or can be stored for future use. It may or may 

not possible to obtain ambient energy when it is needed. This 

can happen due to unavailability of energy in environment 

(e.g. solar energy is not available at night and cloudy days). 

Hence, there is strong need to store energy for later use. For 

storage purpose batteries, supercapacitors etc. can be used. 

III. BACKGROUND 

 Among the different kinds of renewable energy: solar, 

wind, mechanical, electromagnetic, thermal, geothermal, RF, 

etc., harvesting energy from radio frequency (RF) signals has 

captured significant attraction in literature recently [15, 24, 

25]. RF EH is a wireless energy transfer technique which uses 

the radio signals having frequency within the range from  

3 kHz to 300 GHz. Unlike other wireless techniques, RF EH  

has no limitation. RF energy conversion efficiency varies with 

input power level, however it is small when small  amount of 

power is harvested [25]. 

Biggest advantage of using RF signal for energy harvesting 

over other techniques is that RF signal can carry both 

information and energy simultaneously. Dual use of RF signal 

for transporting energy and information both at a time has 

been proposed first in [26]. Authors study basic performance 

trade-off for transmitting power and information 

simultaneously. Unlike [26], 

in which authors consider 
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point-to-point system with single antenna for study,  

in [27] authors consider a multi-input multi-output relay 

system to study the various trade-off for simultaneously 

information and energy transmission to optimize the 

efficiency. 

Two protocols, Time Switching (TS) and Power Splitting 

(PS), are discussed in [28] for energy harvesting receiver. In 

TS based protocol, relay node switch between energy 

harvesting phase and information processing phase according 

to time. However, in PS based protocol, relay splits the 

received power for energy harvesting and information 

processing phase. Using mechanisms TS and PS discussed in 

[28], the relaying protocols Time Switching based Relaying 

(TSR) and Power Splitting based Relaying (PSR) are 

proposed in [29]. In this, authors consider a one-way 

communication network having an amplify-and-forward (AF) 

relay. Performance of system is checked against the system 

throughput. Conclusion derived is that for high value of 

transmission rate, small EH efficiency and small value of 

SNR (signal-to-noise-ratio), TSR protocol performs better 

than the PSR protocol and vice versa. 

Tang et al. [30] use the TSR and PSR protocols for 

transmitting energy and signal together in wireless acoustic 

sensor network. Performance of both protocols is analysed 

based on the throughput efficiency and results show that to 

achieve higher transmission rate at secondary receiver, PSR 

protocol outperforms TSR at low transmission power. Unlike 

[28]-[30], Tariq et al. [31] consider relay network based on 

two-way amplify-and-forward (AF). TSR and HPTSR 

(hybrid power-time switching based relaying protocol) 

protocols are analysed for harvesting at relay node. For above 

discussed network, HPTSR performs better that TSR and 

PSR at high SNR and low transmission rate. But TSR 

outperforms HPTSR and PSR at high transmission rate and 

low SNR. Baofeng et al. [32] consider the PSR protocol for 

transferring information and energy at the same time in IoT 

enable wireless communication. Dual hop IoT system is 

considered in which first relay harvest the energy and then it 

transfers power and information to the respective users. 

Nguyen et al. [33] examined the performance of relay system 

with energy harvesting. In this paper, system is proposed with 

full duplex and energy harvesting. Performance of proposed 

system is analysed in terms of outage probability and symbol 

error probability with energy harvesting both at source and 

relay nodes. Bachi et al. [22] analyse the throughput of 

cognitive radio using numerical method.  

In present paper, the harvested energy by relay node is 

analysed for relaying node in IoT based wireless 

communication system. Both power and information are 

transmitted at the same time. Performance is measured in 

terms of energy efficiency which is ratio of the throughput 

over total power consumed. Energy efficiency at the 

destination is optimized using PSO. 

IV. PROPOSED SYSTEM 

 Wireless communication system is considered as shown in 

the Fig 3. In this dual hop system, wireless information and 

energy transmit from source node to destination node. This 

transmission is through the relay node. Relay node acquires 

the wireless information for the time period T. For some 

fraction of time period T, relay node harvests the energy from 

received wireless energy and for rest of the time period it will 

process the information. 

For the system model in present paper, we made following 

assumptions: 

1. IoT wireless communication system is dual hop for 

simplicity. From source to destination, there is no 

direct communication. Communication is through 

only relay node. 

2. During first proportion of T, relay node harvest the 

energy and later duration is used to forward the 

information from source to destination. 

Fig 4 represents the system model for the energy harvesting 

and information processing based on the time. T is the time 

period required to transfer the certain amount of information 

from source to destination. h  is fraction of time period and 

for time duration for which relay node harvest the energy 

where 0 ≤ h ≤1. For rest of the time period i.e. (1- h ) T, 

information is being processed. Each Time block (1- ) T/2 

is used to transfer the information from source to relay and 

relay to destination respectively. During the energy harvesting 

phase, relay node harvest the energy and consumes this 

energy during transmission phase. Signal received at relay is 
r

rS  expressed as 

 
sr s

r r
m

sr

P hs
S n

d
    (1)                  

where, s is transmitted signal with unit power, 

 h~ 0,1  is channel gain from source to relay node,  srd  

is the distance between source and relay, m is path loss 

exponent and 
r

s   is additive white Gaussian noise (AWGN) 

at relay node. Therefore, total power received by relay node P 

is given by 

                           

 
 

Fig 3 System Model 
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Fig 4 Time division for energy harvesting and information 

processing                     
2

s

m

sr

P h
P

d
               (2) 

Harvested energy at relay, (Eh), during energy harvesting 

phase, using eq.(2), is calculated as 

 

2

s
h hm

sr

P h
E T

d


    (3) 

where,   is energy conversion efficiency. Relay node 

receive the information from source during the processing 

phase.  

Received signal is converted from RF to baseband. The 

signal after down conversion at relay node can be expressed 

as 

 
sr s c

r r r
m

sr

P hs
n n

d
     (4) 

where, is additive conversion noise. Before 

retransmitting signal, relay node amplifies the received signal. 

Hence, information transmitted by relay is  which is given 

by 

 
2

2 2( ) ( )

r

r rt

r

s cs
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d
 



 

  (5) 

Where rP  is transmitted power from relay to destination. 

There is power constraint at relay node which is represented 

by denominator factor of eq. 5. We can see that power 

constraint factor of relay node can be obtained using power of 

received signal. By replacing the variance of 
c

rn  and 
s

rn   

with combined variance given below 
2 2 2( ) ( )s c

r r r     

eq. 5 can be expressed as 

 
2

2

r

r rt

r

s
rm

sr

P
S

P h

d






  (6) 

Signal received at the destination node,  is given as 

 

t
r s cr
d d d

m

rd

gS
S n n

d
     (7) 

where  ~ 0,1g is channel gain from relay to 

destination. 
s

dn  and
c

dn  are antenna and conversion AWGNs 

at the destination node respectively. Substituting the 
t

rS   

from eq. (5), into eq. (7), the signal received at destination 

node is 

 

 2 2

r
r s cr
d d d

m m

rd s sr r

g
S n n

d P h d 
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
  (8) 

    

Now we finally substitute 
r

r  from eq. (4) into eq. (8), 

   

 

   2 2 2 2

m

r s r sr rr

d d
m m m m

rd s sr r rd s sr r

P P ghs P d gn
S n

d P h d d P h d 
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   (9) 

   

where 
c s

r r rn n n and 
c s

d d dn n n are combined 

AWGNs at relay and destination respectively. 

Communication between relay and destination node take 

place for (1 ) / 2h T  time period. Hence, from eq. (3), we 

can derive that  is also calculated as given in eq. (10) 

 
 1 / 2

h
r

h

E
P

T



   (10) 

and it can be further simplified using eq. (3) as given below 

 
 

22

1

s h
r m

sr h

P h
P

d

 





  (11) 

Using eq. (9) and (11), we can say that the destination 

receives signal as given below 

 

   

   

2
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2

1

2

1
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d
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d
m m

rd h s sr r
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S

d d P h d

P ghn
n

d P h d



 



 


 

 
 

  (12) 

                                 

V.   OPTIMIZATION 

The main objective is to optimize the transmitted power by 

source, but we need to optimize e taking the QoS (quality of 

service) into consideration. Here, minimum energy required 

by destination is taken as QoS. In this section, we will 

optimize the transmitted power (Ps) to maximize the energy 

efficiency. Form the eq. (12), we can extract the signal part 

and the noise part of received signal at destination. 

    

   

2

2 2

2
 

1

h s

m m m

rd sr h s sr r

P gh s
Signal Part

d d P h d



 


 
 (13) 

 

   2 2

2
 

1

h s r

d
m m

rd h s sr r

P ghn
Noise Part n

d P h d



 
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 
 

    (14) 

Using eq. (13) and (14), the signal-to-noise ration ( dSNR ), 

i.e. 
 

 

 ^ 2

 ^ 2

Signal part

Noise part




for wireless communication in 

IoT at the destination node can be expressed as   
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    (15) 
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                      (16) 

 

So, using eq. (11) and (16), the problem to be optimized is 

formulated to maximize the energy efficiency of IoT system 

constrained by maximum SNR value and minimum energy 

harvested by relay node. The formulated problem is given as 

 

 

 2log 1
max ,

. . ,

s

d

P
s

d thr r thr

SNR

aP b

s t SNR andP 





 

  (17) 

where thr  and thr  are threshold values and represent 

the minimum value of energy harvested by the relay node and 

maximum value of SNR at destination node respectively. The 

optimized solution be achieved by using Particle Swarm 

Optimization technique (PSO).  

A. PSO Approach 

Kennedy and Eberhart [34] proposed the Meta heuristic 

population based approach which depends on the social 

behavior of flocking birds and fishes named as “Particle 

Swarm Optimization (PSO)". PSO [34] works as illustrated in 

Algorithm 1. 

Algorithm 1: Particle Swarm Optimization 

1: Initialize the population of particles (random values of    

    transmitted energy) with random positions and     velocities  

    in D dimensions 

2: Initialize the pBest for each particle and gBest 

3: for i=1 to MaxIt do 

4: Evaluate each particle for its objective function 

    (energy efficiency) and updates it's pBest 

5: Update the gBest 

6: for each particle do 

7: Update velocity using equation 18 

8: Update new position using equation 19 

9:end for 

10: end for 

11: return gBest 

 

This algorithm has been applied successfully to many 

optimization problems. As PSO is population based search 

algorithm, so each individual particle in the population 

presents a solution in D dimensions. Every particle has  

knowledge of personal as well as global best of all the  particle 

so that it can move towards the optimal directions for  

convergence. The following equations are used to update the 

position of  particle:  

   1 1 2 2* * * * *ij ij ij ij gj ijv w v c r p x c r p x       

                       (18) 

 

ij ij ij
x x v     (19) 

 

Equation 18 is used to update the velocity of particle using 

to personal and global best. Using this updated velocity, new 

position of particle is updated using equation 19. Here c1, c2,  

r1, r2  and w are algorithm parameters. 

 

 
 

Fig 5 Proposed Method using PSO 

 

In our case, we have to find out the optimized solution for 

equation 17. PSO is used to find out the value of Ps at which 

the equation 17 gives optimized value. An individual particle 

represents values of Ps. So in this case, solution is one 

dimensional. Fig 5 illustrates the procedure of proposed work 

using PSO. 

In our case, population is initialized by randomly selecting 

the value of power transmitted from the source node. Initially 

personal best value of energy efficiency for each particle and  

global best value are assigned infinite. In each iteration, 

Energy Efficiency of each particle is calculated and compared 

with its previous personal best. If it is better than the previous 

one, then its personal best of particle is updated otherwise it 

remains unchanged. Similarly, global best value is also 

updated. In each iteration, values tend to be converged. 

VI. SIMULATION RESULTS AND ANALYSIS 

The In this section, simulation results are presented. The 

energy efficiency of dual-hop IoT system is investigated for 

the optimal value of transmission power (Ps). The optimal 

values of Ps to maximize the energy efficiency of system is 

obtained using PSO 

optimization technique. 

Noise covariances 
2

r  and 
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2

d  are set to be 1. The power consumption variables a and b 

are set to 2 and 10 respectively. And all other parameters 

except Ps are kept to be 1 just for simplicity. 

Experiments are performed over the three different Wi-Fi 

protocols. These protocols are 802.11 b, 802.11 g and 802.11 

n. These three protocols have different values of transmission 

power. Energy efficiency over these protocols is examined to 

be maximum by optimizing the power transmitted by the 

node. Optimization is done by following proposed method as 

shown in Fig 5. Convergence of energy efficiency and power 

transmitted using PSO at various iterations are shown in Fig 6 

and 7. 

 

 
Fig 6 Energy Efficiency for each particle at different iteration 

 

 
Fig 7 Power Transmitted for each particle at different iteration 

 

It can be seen from Fig 6 that the values of energy efficiency 

are scattered at the initial iterations and almost converged in 

hundredth iteration. But in fiftieth iteration, values are more 

converged than in first and less than in hundredth iteration. 

So, in each succeeding iteration values move towards the  

optimum value. Similarly, it happens for the power 

transmission. 

Fig 8 represents the variation of energy efficiency with 

respect to power transmitted by source node for the protocol 

802.11 b. As shown in Fig 8, the energy efficiency decreases 

with the increase of the transmitted energy. Further, variation  

of harvested energy by relay node with transmitted power for 

protocol 802.11 b is shown in Fig 9. Results indicate that 

energy harvested by the relay node is directly proportional to 

the energy transmitted by the source node as illustrated in Fig 

9. If the relay node harvests the more energy, then information 

to be processed by the relay is less and vice versa. 
 

 
 

Fig 8 Energy Efficiency vs Power Transmitted 

 

 
 

Fig 9 Energy Harvested vs Power Transmitted 

 

For 802.11 b protocol, optimal value of energy transmitted 

by source is 4.58 Joule and corresponding optimized energy 

efficiency is 0.12945. Relay node harvest 0.0458 Joule 

energy. So it can be concluded from the Fig 8 and 9 that if the 

energy harvested by relay node increases then energy 

efficiency at the destination node deceases. 

Second protocol used in considered IoT system is 802.11 g. 

For this protocol, the 

variation of energy 

efficiency with respect to 
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power transmitted by source node is represented in Fig 10. 

And Fig 11 plots the variation of harvested energy at relay 

node for various amount of transmitted energy. 

 

 
 

Fig 10 Energy Efficiency vs Power Transmitted 

 

 
 

Fig 11 Energy Harvested vs Power Transmitted 

 

Energy efficiency achieved by the proposed method for 

Wi-Fi protocol 802.11 n is plotted in Fig 12 and energy 

harvested by relay node for the same protocol is illustrated in 

Fig 13. 

 

 
 

Fig 12 Energy Efficiency vs Power Transmitted 

 

From Fig 8, 10 and 12, it can be seen that all three Wi-Fi 

protocol 802.11 b, 802.11 g and 802.11 n achieved 

approximately same energy efficiency. There is very small 

difference between optimized efficiency for three. Similarly, 

there is small difference between the energy harvested by the 

relay node in three protocols. 

 
 

Fig 13 Energy Harvested vs Power Transmitted 

 

The proposed method optimized energy efficiency for all 

three protocols to approximately same value. Three protocols 

have different values of transmission power. So their range 

for the population initialization varies and the initial values of 

transmitted power are chosen randomly. Hence, achieved 

energy efficiency for three protocols differ. 

VII. CONCLUSION 

The In this paper, a dual-hop relay based Internet of Things 

system has been analysed for the both energy harvested by 

relay node and information transfer. A fraction of the 

transmitted energy is harvested from the RF signals by 

relay node which can be used 

to forward the information. 

Energy efficiency of system 
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is analyzed towards the maximum using optimized 

transmitted energy by the source node with the help of PSO. 

Convergence rate of PSO is very fast. Considered IoT system 

achieves the optimal energy efficiency at various transmitted 

energy values and at the same time relay node harvest the 

minimum energy. Experiments are done using three different 

Wi-Fi protocols 802.11 b/g/n. The optimal value of energy 

efficiency for each protocol is obtained separately. Energy 

harvested by the relay  

node is directly proportional to power transmitted by source 

node. As the energy harvested by the relay node increases the 

energy efficiency at the destination node decreases. 

In the future, work can be extended to multi-hop systems. 

Here, only one parameter is optimized for simplicity. Other 

parameters like covariances, distances, etc. can also be 

optimized. 
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