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Abstract: One of the major challenges of the dual-hop energy harvesting (EH) a link is, to optimize the link parameters to achieve maximum signal to 
noise ratio (SNR) at the receiving end. In this paper, the optimum condition of three parameters: ‗power supply at source terminal‘, ‗power splitting ratio‘, 
and ‗gain of relay‘ is achieved in four ways. In the first and second techniques, the above three parameters are optimized analytically from the profile of 
normalized channel capacity and bit error rate (BER), where the corresponding graphs show maxima and minima at the same optimum point. In the third 
technique, we find the separation between profiles of ‗normalized channel capacity‘ of EH and non-EH minimum at optimum condition. In the fourth 
technique, we transmit grayscale images under 16-QAM using a proposed algorithm of pixel to modulated symbol conversion. We then measure the 
quality of the image in terms of SNR and peak signal to noise ratio (PSNR) in dB and we verify the optimum condition of the network by the quality of 
received images.  
 
Keywords: PSNR, AWGN, relay gain, BER, and channel coding.  
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I. INTRODUCTION  
To improve end to end communication in terms of signal to 
noise ratio (SNR), one or more relay is used in the different 
wireless network, like Wide Area Network (WAN), Metropolitan 
Area Network (MAN), Wireless Local Area Network (WLAN), 
Wireless Sensor Network (WSN) or Mobile Ad-hoc Network 
(MANET). This section deals with the state-of-art of the dual-
hop wireless network.  In [1], a large scale fading model is 
used in dual-hop wireless links to improve applications of the 
Internet of Things (IoT). The authors measure the received 
signal level in dB and data rate in bits per second (bps) 
against the distance between the sender and the receiver. In 
[2], authors measure secrecy outage probability (SOP) of 
decode and forward (DF) based dual-hop communication 
system consists of a source (S), a relay (R), a destination (D), 
and an eavesdropper (E). The analytical results are compared 
with the simulation results on the graph of SOP vs. average 
SNR varying link parameters. Recently, the proliferation of 
research is going on the energy harvesting of wireless 
communications to save the power of the battery. For 
example, the concept of Energy Harvesting (EH) is applied in 
a dual-hop amplify forward (AF) relaying network in [3] to 
observe the impact of the jamming signal on the secrecy 
performance. The authors show the profile of SOP against the 
energy harvesting factor and the transmit power. A 
comparison is also found for EH and non-EH schemes. In [4], 
dual-hop multipoint-to-multipoint network using a single relay 
under DF is considered where the authors applied power-
splitting relaying protocol (PSR), optimal energy harvesting, 
and distribution schemes on the network for delay-tolerant and 
delay non-tolerant cases. The idea of a nonlinear energy 
conversion model is applied to the relay under the energy 
harvesting scheme. The aggregate data rate is plotted against 
transmitting power, the number of source nodes, source-to-
relay distance, where the difference between linear and non-
linear energy harvesting is visualized. In [5], an adaptive 
power splitting protocol is applied in the DF relaying link under 
symmetric and asymmetric fading (Rayleigh and Rician fading) 
channel models. Three parameters: outage probability, 
effective transmission rate, and throughput are used to 
measure the performance of the network.  The relation among 
the parameters: ‗total number of relay nodes‘, ‗the number of 
hops‘, ‗the throughput‘, and ‗transmission power of the source‘ 
are shown graphically. A similar analysis is found in [6], where 
the communication of source to destination is done with the 

aid of multiple energy-harvesting cooperative nodes. The 
outage probability measures against SNR for an energy-
harvesting AF relay-aided systems taking ‗energy-exhausted 
probability‘ as a parameter. None of the above papers deals 
with three parameters: (a) space diversity of wireless link, (b) 
impact of ‗energy splitting ratio‘ of energy harvesting scheme, 
and (c) choice of image filtering at receiving end under the 
dual-hop wireless link on quality of the image. None of the 
works of the above paper is related to the optimization of a 
dual-hop EH network. When a network is in the optimum 
condition in terms of its link parameters then SNR at the 
destination is maximum, bit error rate (BER) is minimum, 
channel capacity or throughput is maximum and separation of 
channel capacity between EH and non-EH is minimum. This 
paper does the work considering the above four cases along 
with measuring the quality of the received image. The rest of 
the paper is organized as section II provides some relevant 
works of this paper in the field of dual-hop EH and image 
transmission; section III deals with the basic theory of dual-
hop wireless link under the concept of energy harvesting along 
with image transmission algorithm; section IV provides results 
based on the analysis of section III and section V concludes 
the entire analysis. 

 

II. RELATED WORKS 

In [7], authors deal with the design of a dual-hop visible light 
communication (VLC)/radio frequency (RF) communication 
system under EH. The paper provides a set of curves: dc bias 
vs. information rate, varying the channel gain of the second 
link. From the graph, the condition of optimization is achieved 
like the curves of channel capacity vs. power splitting ratio of 
this paper. The concept of optimization is also available in [8], 
where throughput maximization is done in dual-hop EH link 
based on time splitting approach. A similarity of image 
recovery of this paper is found in [9], where image recovery is 
analyzed under the single-hop wireless link of the Alamouti 
scheme. In [9], the authors use BPSK, QPSK, 8-PSK, and 16-
QAM in pixel transmission. Discrete wavelet transform (DWT) 
is used in image smoothing. The performance of the network 
is measured in terms of BER under four modulation schemes, 
varying SNR. To observe the image dependency, six images 
are considered to measure BER under 16-QAM and found 
closed results. Finally, the encrypted image using RSA is 
transmitted through the Alamouti model and recovered at high 
accuracy. The paper only considers a single-hop link to 
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measure image quality but in this paper, we have done the job 
using a dual-hop link under EH.   

III. SYSTEM MODEL 

To enhance the quality of the received signal, a dual-hop 

wireless link is used, where the transmitted signal is relayed 

by a suitable repeater with some gain. The dual-hop wireless 

link is depicted in Fig. 1 with its link parameters. The received 

signal at the relay is expressed as [10,11]: 

     ),()()()( tntxthPty RSSR          (1) 

where SP  is the transmitted power of the source, )(th RS is 

the channel response of source to relay link, )(tx is the 

transmitted signal, and )(tn  is the additive white Gaussian 

noise (AWGN) of the channel.  

Finally, the received signal will be, 

     ),()()()( tntythPGty RDRRD    (2) 

where RP  is the transmitted power of relay, )(th DR  is the 

channel response of relay to the destination link, G is the gain 

of the relay. The analysis of time-sensitive channels is 

complex. Therefore, for simplicity of analysis the independent 

variable time, t, is eliminated.   

If the SNR of the first-hop link is RS  and that of the second-

hop link is DR  (found from Eqs. (1) and (2)) then equivalent 

SNR becomes [12,13]: 
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Fig. 1.  Dual-hop wireless link 

In the case of the energy harvesting model of dual-hop link, 

the relay station harvests energy from the RF signal.  The 

harvested energy is split as the ratio of ρ and (1- ρ), where 

portion ρ is used for transmitting the signal and that of (1- ρ) 

for signal processing like Fig. 2. 

 

 

 

 

 

 

 

 

 

Fig. 2. Energy splitting at the relay 

The received signal at the relay is,  

   .nxhPy RSSR                                                     

(4) 

Here SP is the supply power and RSh  is the link parameter 

from the source to the relay. The energy harvester uses the 

fraction, Ry for transmission of the signal from the relay to 

destination and the remaining portion Ry1  is used for 

signal processing at the relay R. 

The received signal at R for the information processing unit is 

given by [14,15]: 
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where n′ denotes the AWGN due to RF-to-baseband 

conversion. 

The SNR from source to relay node is, 
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where 
2
n  and 2

'n are the variances of n and n′ respectively. 

The harvested power SP at the relay is used to forward the 

signal x to the destination, where η is the energy conversion 

efficiency.  In the case of AF, the received signal of destination 

D will be [16-18], 

 ,"nxhhPGy DRRSSD    (7) 

where G is the amplification factor at the relay and n′′ is the 

AWGN at the destination. 

The SNR at the destination node can be written as, 
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where 2
D  is the variance of n′′.    

In the energy harvesting scheme, two SNRs: RS  and 

DR  are independent, unlike conventional dual-hop AF 

scheme. The normalized channel capacity (bits/Hz) of the 

dual-hop relayed link under energy harvesting is expressed 

as, 

  .),min(1log2 RSRSC                   (9)  

To measure the quality of the received signal we will send the 

digital image through a dual-hop EH link. Therefore, we need 

to convert the pixels of the grayscale image of amplitude [0-

255] to the modulated symbol of 16-QAM. The entire operation 

of such conversion is given in the next subsection based on 

the concept of [9].  

A.  Dual-hop image transmission steps 

a. Read the RGB image and convert it into the grayscale 
image I of size m×n. 
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b. Divide each pixel a(i, j) ɛI, by 16 then store the 
quiescent Q(i, j) and remainder R(i, j); where i = 
1,2,3,…, m and j = 1,2,3,…, n. 

c. Apply 16-QAM on both Q(i, j) and R(i, j), taking them 
as the baseband signals. 

d. Send the modulated symbols pair SQ(i, j) of Q(i, j) and 
SR(i, j) of R(i, j) through the AWGN channel between 
the sender and the relay.  

e. Demodulate SQ(i, j)+ n(i, j) and SR(i, j)+ n(i, j) at the 
relay station, the resultant detected signal becomes 
Q′(i, j) and R′(i, j); where n(i, j) is the AWGN of the 
channel. 

f. Again modulate Q′(i, j) and R′(i, j) at the relay and 
retransmit the corresponding symbols: S′Q(i, j) and 
S′R(i, j) through the AWGN channel between the relay 
and the receiver. 

g. Demodulate S′Q(i, j)+ n(i, j) and S′R(i, j)+ n(i, j) at 
receiver, the resultant detected signal becomes Q′′(i, 
j) and R′′(i, j). 

h. Reconstruct the pixels of the received image as a′(i, 
j)=16Q′′(i, j) +R′′(i, j). 

i. De-noise the image with an appropriate filter. 
j. Determine the mean square error (MSE) of the 

transmitted and the received images as 
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k. Determine PSNR as  
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l. Repeat steps a to k for several images. 

The next section will provide results using numerical values of 

link parameters.  

IV. RESULTS 
We consider the following numerical values of link parameters: 

,351.0RSh ,242.0DRh  η = 0.5, ,05.02 D

,02.02
'

2  nn  G = 8dB to determine normalized channel 

capacity taking supply power, Ps = 0, 5, 10 and 15 dB. For 

higher values of Ps, the overall SNR is also found higher. 

Hence, channel capacity also increases as shown in Fig. 3 (a). 

In this case, the PSNR attains at a fixed power splitting ratio, ρ 

= 0.55, for all the four curves. The value of power splitting 

ratio, ρ, depends on how much-harvested energy is required 

to transmit the signal from relay to destination, i.e., the gain of 

link R-D.   For the high gain relay, information can be 

transmitted within a short time hence less energy is required 

by the relay as found in the energy model of the wireless 

sensor network (WSN) summarized in [19]. Therefore, the 

optimum power splitting ratio opt  will be attained at a lower 

value of ρ with an increment of relay gain G, as shown in Fig. 

3(b) like [20], where we find ρ = 0.66 at G = 6dB, ρ = 0.55 at G 

= 8dB, ρ = 0.4 at G = 10dB, and ρ = 0.2 at G = 12dB. Figure 

3(b) depicts the impact of SP  and G together on C. Figure 

3(c) shows the impact of relay gain G only, where the PSNR 

or peak channel capacity has a small effect compared to the 

combined effort of SP and G of Fig. 3(b); however, the shifting 

of ρ remains the same as before. Next, we plot BER against ρ 

taking SP and G as parameters for both QPSK and 16-QAM. 

The minima of BER is visualized at the same optimum value of 

ρ, as shown in Figs. 4(a) and 4(b). The link parameters and 

the results corresponding to Figs. 3 and 4 are shown in Table 

1. The maxima of the normalized channel capacity and the 

minima of the BER gives the optimum condition of the EH link.  

Table 1 
Parameters of 4 cases 

Ps 
in 
dB 

Gain 
of 

Relay 
(G) 

Max 
SNR at 
R end in 

dB 

Optim
um 
ρ 

BER 
QPSK 

BER 
16-QAM 

0 6dB 1.806 0.66 0.083 0.171 

5 8dB 5.314 0.55 0.052 0.135 

10 10dB 8.636 0.4 0.015 0.073 

15 12dB 11.542 0.3 9.331×
10

-04
 

0.012 

 

(a) Impact of Ps (G = 8dB)                                

 

(b) Impact of both Ps and G 
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(c) Impact of G (Ps = 8dB) 

Fig. 3. Variation of normalized channel capacity against power 
splitting ratio 

 

(a) QPSK                                                     

 

 (b) 16-QAM 

 

Fig. 4. Variation of BER against power splitting ratio 

 

In the non-EH model, the relay can use as much energy as 

required to maintain the desired SNR at the receiving end, 

whereas in the EH model the energy is limited, hence, the 

desired SNR at the destination cannot be always guaranteed 

in case of low gain of R-D link. So, the channel capacity of the 

non-EH model is higher than that of the EH model but the 

difference can be reduced at the optimum value of ρ.  Now, we 

will prove the optimization of the EH link based on the 

difference between the channel capacity of non-EH and EH 

models. In the case of a low gain of the relay, the EH model 

resembles the non-EH model at a high value of ρ. But when 

the gain of the relay is high then two models become close at 

a lower value of ρ. To verify the phenomenon, we plot the 

analytical channel gain of EH and non-EH in Fig. 5(a) to 5(d). 

In Fig. 5(a), one curve of EH, and one curve from non-EH are 

found close for optimum parameters: ρ = 0.3, Ps = 15dB, and 

G = 12dB compared to other three pairs of curves. Again in 

Fig. 5(b) EH and non-EH curves become closed for optimum 

parameters: ρ = 0.4, Ps = 10dB, and G = 10dB. Similarly in 

Figs. 5 (c) and 5(d), we have found the close result for optimal 

parameters: (ρ = 0.55, SP = 5dB, G = 8dB) and (ρ = 0.66, SP

= 0dB, G = 6dB) respectively. Therefore, we find again, the 

optimum value of ρ and relay gain G. Here we have found that 

they are inversely related. 

 

(a) ρ = 0.3 

                                          

 

 (b)  ρ = 0.4 
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(c)  ρ = 0.55                                                      

 

 (d) ρ = 0.66 

Fig. 5. Comparison of channel capacity of conventional dual-

hop and EH scheme 

In the next part of the result section, we will transmit several 

images with the prime value of EH parameters of Table 1 to 

observe the quality of images at the receiving end. Four 

images are transmitted with the parameters of Table 1 and the 

received images are shown in Figs. 6(a)-(d), where the quality 

of images at a glance seems to be the same.  To distinguish 

the quality of images, we need to determine the SNR and 

PSNR of the individual image as shown in Table 2. The SNR 

and PSNR of received images increase with increase in both 

SP and G (optimum value of ρ is reduced) as is visualized 

from Table 2, where we use tuples: (ρ = 0.66, SP = 0dB, G = 

6dB), (ρ = 0.55, SP = 5dB, G = 8dB), (ρ = 0.4, SP = 10dB, G 

= 10dB) and (ρ = 0.3, SP = 15dB, G = 12dB) for 4 images and 

all the 3-tuples correspond to optimum condition of received 

SNR or PSNR. A small deviation in any one of the three-link 

parameters of the above four 3-tuples shifts the condition of 

maxima.  Sometimes SNR or PSNR becomes image 

dependent but we have found a small variation of SNR or 

PSNR for each of the four images against the same values of 

link parameters. If we change the value of any one of the 

parameters, for example, ρ, by a very small amount ∆ρ = 0.01, 

the SNR of PSNR is reduced by 1dB. Therefore, the optimum 

condition of the EH network is also proved by the quality of the 

image.  

 

 

                                            (a) 

 

                                              (b) 

 

      (c) 
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(d) 

Fig. 6. Received image with the parameters of Table 1 

In practical life, we use different types of channel coding 

schemes like cyclic redundancy check (CRC), linear block 

code, convolutional code, etc. (for example in wide area 

network, Bluetooth, Shareit) to detect and correct error on the 

frame by frame basis. In this paper, we convert an RGB image 

of (200×300×3) into a one-dimensional vector of (60000×1) 

separately for R, G and B components, we then apply CRC 

with the generator sequence G = 1 1 0 1 0 1 on each segment 

of the vector. Here, we consider the AWGN channel with SNR 

of 6 dB, ρ = 0.3, and the size of packets 200×1 at the datalink 

layer. The received vectors are then converted to R, G, and B 

components of 200×300 then concatenated to RGB image. 

The operation is fully error-free (since each packet is checked 

and retransmitted in case of any error), the original and 

recovered RGB images are shown in Fig. 7.   

TABLE 2 
Comparison of Diversity Schemes of the 2-hop wireless link of 

20dB fading channel under 16-QAM 
 

 

 

           (a) Original                       (b) Recovered by CRC 

Fig. 7. Channel coding in image recovery 

The packet by packet checking is done at the data link layer, 

which is beyond the scope of the paper since we deal with the 

performance of the physical layer under energy harvesting. 

V. CONCLUSION 

In this paper, we prove the optimum condition of the dual-hop 
wireless link under EH in four different ways and have found 
the condition of maxima, minima, and peak SNR at the same 
point. Even the separation between non-EH and EH is also 
found minimum under the same condition. Here, we only 
consider the wireless link under the AWGN channel, still, we 
have the scope to work on small scale fading channels 
including space diversity on each link so that optimum 
condition can be applicable in 5G wide area network (WAN). 
To implement the optimum condition at the relay, we can apply 
a machine learning algorithm at that node, where several link 
parameters of S-R and R-D link can be used as the input 
variable for both training and test condition to provide the 
optimum value of output variables ρ, Ps and G.  
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