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Abstract 
Most of the sensor nodes in Wireless Sensor Network (WSN) are powered by batteries, therefore the lifetime of the sensor nodes 

are fully relying on its power efficiency. In addition to that, the wireless sensor nodes are commonly placed, distributed and 

installed in the place where difficult to reach, thus it becomes inconvenient especially when replacing the batteries and leads to 

high maintenance cost. Due to this reason, batteries and energy source of the sensor nodes has been replaced with more 

sustainable energy source such as energy harvested source. However, due to some reasons, especially in dense network 

environment, the energy harvested WSN performs poorly and its network performance is not optimized enough. One of the factors 

that lead to the low performance of energy harvested WSN is the placement and location of sensor nodes in the network, its 

network configuration (i.e. single-hop and multi-hops) and the number of sensor nodes used. Therefore, in this study, we 

investigated and studied the performance of energy harvested WSN in different configuration such as single-hop and multi-hops 

and in terms of its transmission time (delay), power efficiency, and throughput. The real time energy harvested WSN is deployed 

for the purpose measurement and analysis. 
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1. INTRODUCTION 

Nowadays, the wireless sensor network (WSN) is the 

popular issue all over the world especially for the energy 

harvested WSNs. The WSN is connecting the sensor nodes 

wirelessly to form a network [1]. The energy harvested 

WSN uses harvested energy to power up the wireless sensor 

nodes. 

 

Since many years ago, the wireless sensor node has been 

utilized in different fields. The sensor is a device that can 

detect the changes on a physical condition and produces 

some measurable results to be transmitted. 

 

However, most of wireless sensor nodes are powered by 

batteries, in which case the power-efficiency decides the life 

time of the sensors. On the other hand, the wireless sensor 

nodes are normally placed in the location which is hard to 

reach, therefore changing batteries regularly can be 

inconvenient and most of time will be costly too [6][7]. 

Hence, batteries have to be replaced with alternative energy 

sources which are more sustainable and feasible to operate 

in the environment where the sensors are stationed. 

 

Therefore, the energy harvested WSN that could sustain for 

years without fully relying on battery source is developed. 

Among the solutions for that is using a green technologies 

and harvest unlimited source energy with harvesting 

solution such as solar energy, wind energy, vibration energy, 

and thermal energy [8][9][10]. 

 

However, the network performance of energy harvested 

WSNs is not optimized enough. The transmission with 

wireless sensor nodes produced interferences and noises that 
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degrade the performance of the network significantly 

[11][12]. In addition to that, the packet loss rate is also high 

in energy harvested WSN due to the network configuration 

and its characteristics of self powered network [13]. 

 

In this work, we investigated the efficiency, reliability and 

robustness of energy harvested WSNs. Besides, the 

performance of the network is studied in term of power 

consumption, latency (response time) and throughput. 

 

2. NETWORK CONFIGURATION 

The result of this work is divided to two different parts that 

comprised of single hop and multiple hops. Four parameters 

such as transmission time, throughput, power consumption 

and receive signal strength indication (RSSI) are studied and 

investigated in this work. The constant and manipulate 

variable that assigned throughout this study are the payload 

and also the distance respectively. The payload of the 

network nodes are 50 bytes. 

 

For single hop network scenario, the measurement is taken 

by transmitting a payload of 50 bytes from the transmitter to 

the receiver by varying the distance between them. Figure 1 

shows the network scenario of single-hop configuration. 

 

In multi-hops WSN, the source node will relay the 

information to its destination through some intermediates 

nodes due to transmission range limitation. The Zigbee 

based energy harvested wireless sensor node used in this 

work only limited up to 20 meters in transmission range. If 

source node needs to transmit the information to the 

destination node that is 100 meters away from each other, 

then this transmission requires at least four intermediate 

nodes.  Figure 2 shows the network scenario of multi-hop 

configuration. 

 

 
Fig 1: Single-hop Network Scenario 

 
Fig 2: Multi-hop Network Scenario 

 

3. SINGLE-HOP NETWORK PERFORMANCE 

From the above experiment, we observed that the energy 

harvested sensor nodes (i.e. zigbee) will only operates to 

transmit the frame if the distance between the transmitter 

and receiver is up to 20 meters [3][4][5][6]. For single-hop 

transmission, when the distance between the transmitters 

and receivers are increased, thus it increased the frame 

transmission time accordingly. This is due to the high 

consumption of power and demands of higher energy in 

order to transmit a single frame over the long distance. This 

will subsequently increase the transmission time. 

 

The Received Signal Strength Indicator (RSSI) is used in 

this study to measure received signal strength in a wireless 

environment. The RSSI is the measurement of the power 

level that being received by the receiving node after gone 

through all the losses from the antenna to the end cables. 

Therefore, the higher the RSSI indication, the stronger is the 

signal. When the RSSI is represented in a negative value or 

it is closer to the value of 0, thus it has a stronger received 

signal. The RSSI can be obtained by using the following 

formula: 

 

RSSI = 10 log   
Pt Gr Gt

Pref
  

c

4πfd
 

2

                                         (1) 

 

Based on the above formula, we can obtain that the RSSI 

value is proportional to Pt (transmission power). With the 

increase of the distance between the transmitter and 

receiver, it will increase the transmission power accordingly 

and therefore it will influence the RSSI value proportionally. 

 

3.1 Time Response (Transmission Time) in Single-

hop Transmission 

Response time is the total amount of time is taken to 

respond to a request for service. In this work, the response 

time is measured and recorded by using the digital 

stopwatch. 

https://en.wikipedia.org/wiki/Signal_strength
https://en.wikipedia.org/wiki/Wireless
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Table 1: The Response Time of Single-hop Transmission 

Transmission Range (meter) Time           (s) 

5 0.947 

10 1.023 

15 4.426 

20 5.871 

25 - 

 

 
Fig 3: Response Time (s) of Single-hop Transmission over 

the Distance (Transmission Range), m, of Transmitting and 

Receiving Nodes 

 

The above table and figure show the relationship between 

the time response and distance (transmission range). Based 

on the above result in Figure 3, it clearly can be seen the 

response time increase accordingly with the increase the 

distance between the transmitter and receiver. 

 

3.2 Throughput in Single-hop Transmission 

The throughput is defined as a successful rate of the packet 

transmission over a communication channel. The packet 

may be delivered over a physical or logical link, or pass 

through a certain network node to reach to the end receiver. 

In reality, the throughput is fundamentally known as 

bandwidth consumption in which can be compute 

mathematically by given payload and frame transmission 

time. The throughput of the single-hop transmission can be 

obtained by dividing the payload size with the average time 

required for the packet transmission. The throughput of 

single-hop transmission is given as follow: 

 

Throughput (bps) =  
8  x   Payload  size  (Bytes )

Average   Frame  Transmission  Time
       (2) 

 

Table 2: Throughput of Single Hop 

Transmission Range (meter) Throughput (bps) 

5 422.39 

10 391.01 

15 90.38 

20 68.13 

25 - 

 
Fig 4: Throughput (bps) of Single-hop Transmission over 

the Distance (Transmission Range), m. 

 

It is clearly can be observed in Figure 4 that, if the distance 

between the transmitter and receiver is increased, it 

consequently increase the frame transmission time thus drop 

the throughput significantly. 

 

3.3 Power Consumption in Single-hop 

Transmission 

In this work, the power consumption (or transmission 

power), for a node to transmit the entire frame to the 

receiver, is calculate using the value of voltage (V) and 

current (I). The voltage (V) and current (I) is measured as 

per configuration shown in Figure 5 and 6. 

 

 
Fig 5: Measurement of Current 

 

 
Fig 6: Measurement of Voltage 

http://en.wikipedia.org/wiki/Network_node
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Table 3: Power Consumption of Single Hop 

Transmission 

Range   

(meter) 

Power Consumption 

Voltage 

(V) 

Current, I 

(mA) 

Power 

(mW) 

5 3.576 0.08 0.286 

10 3.623 5.08 18.40 

15 3.444 15.98 55.03 

20 3.511 22.44 78.79 

25 - - - 

 

 
Fig 7: Power Consumption (mW) of Single-hop over the 

Distance (Transmission Range), m. 

 

Based on the result obtained in Figure 7, it is clearly can be 

seen that the power consumed to transmit a packet from a 

node to another node is increased accordingly over the 

distance. For instant, the power consumed to transmit a 

packet from the transmitter to the receiver of the distance of 

5 meter distance is 0.286mW, meanwhile 20 meter is 

78.79mW. 

 

4. MULTI-HOP NETWORK PERFORMANCE 

Due to the limitation between the transmitter and the 

receiver that can only transmits up to 20 meters in distance, 

therefore a multi-hop transmission concept used in this 

study. Multi-hop is a wireless networks architecture that 

uses two or more intermediate wireless hops to convey or 

transmit the information from a source to a destination. 

 

This will allow the frame to be transferred from the 

transmitter to the receiver to the distance which is longer 

than 20 meters. For instant, four intermediate nodes are 

required to transmit a frame if the source node is 100 meter 

away from the destination node. 

 

4.1 Time Response (Transmission Time) in Multi-

hop Network Scenario 

The time that required by a node to transmit a packet over 

multi-hop environment is noticeably longer than time 

required by the single-hop. This is due to the long distance 

between the source and destination nodes to transmit a 

single packet. In other word, when more intermediate nodes 

are added in the network, it will increase the distance 

between the source and destination and it subsequently 

increase the packet transmission time. 

 

This is because the transmitters need to transmit the frame to 

the receiver that is next to them (intermediate nodes) before 

it reaching to its final destination. The processing time at 

each intermediate node will lead to higher time consumption 

in multi-hop network environment.  For instance, the 

transmitter sends the frame to the intermediate node 

(receiver) which is next of it; then the receiving node will 

receive the frame, process it and then pass to the next 

intermediate node. The process will continue until the 

packet reaches to its final destination node. This particular 

process will definitely increase the time as well as lower the 

throughput of the network. This performance clearly can 

observed in Figure 8. 

 

Table 4: Time Response in Multiple Hops Network 

Scenario 

Transmission Range                        

(meter) 

Time Response       

(s) 

20                                              

(without intermediate nodes) 
5.871 

40                                                         

(with 1 intermediate nodes) 
8.001 

60                                                       

(with 2 intermediate nodes) 
12.439 

80                                                    

(with 3 intermediate nodes) 
15.622 

100                                                     

(with 4 intermediate nodes) 
22.785 

 

 
Fig 8: Time Response (s) in Multiple Hops Network 

Scenario over the Distance (Transmission Range), m, of 

Transmitting and Receiving Nodes 

 

4.2 Throughput Achieved in Multi-hop Network 

Scenario 

In multi-hop network environment, throughput can be 

defined as maximum amount of payload (packet) size that 

can be transmitted in a time unit.  In order to determine the 

actual throughput, the payload size must be divided with the 

time taken to transmit the packet from the source node to 

destination node. Based on our results found in Figure 9, it 
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can be obtained that the increase number of intermediates 

nodes subsequently increase the transmission time (delay) 

and drop the throughput accordingly. 

 

Table 5: Throughput of Multiple Hops Network Scenario 

Transmission Range                        

(meter) 

Throughput       

(bps) 

20                                              

(without intermediate nodes) 

68.13 

40                                                         

(with 1 intermediate nodes) 

49.99 

60                                                       

(with 2 intermediate nodes) 

32.16 

80                                                    

(with 3 intermediate nodes) 

25.60 

100                                                     

(with 4 intermediate nodes) 

17.56 

 

 
Figure 9: Throughput of Multiple Hops WSN over the 

Distance (Transmission Range), m. 

 

4.3 Power Consumption in Multi-hop Network 

Scenario 

In this work, the power consumption (or transmission 

power), for a node to transmit the entire frame to the 

receiver, is calculate using the value of voltage (V) and 

current (I). The voltage (V) and current (I) is measured as 

per configuration shown in Figure 5 and 6. 

 

Table 6: Power Consumption of Nodes in Multiple hops 

WSN 

Transmission Range                        

(meter) 

Total Power 

Consumption 

(mW) 

20                                              

(without intermediate nodes) 

78.79 

40                                                         

(with 1 intermediate nodes) 

116.23 

60                                                       

(with 2 intermediate nodes) 

176.11 

80                                                    

(with 3 intermediate nodes) 

222.91 

100                                                     

(with 4 intermediate nodes) 

265.44 

 

Based on the result obtained in Figure 10, it is clearly can be 

seen that the power consumed to transmit a packet from a 

node to another node is increased accordingly over the 

distance. For instant, the power consumed to transmit a 

packet from the transmitter to the receiver of the distance of 

20 meter distance is 78.79mW, meanwhile 100 meter is 

265.44mW. 

 

 
Figure 10: Power Consumption of Multiple hops WSN over 

the Distance (Transmission Range), m. 

 

5. CONCLUSION 

In this work, the efficiency, reliability and robustness of 

energy harvested WSN has investigated. The performance 

of the network are studied and analyzed in term of power 

consumption, latency (response time) and throughput. Based 

on the result, power consumed to transmit a packet from a 

node to another node is increased accordingly over the 

distance (transmission range) for both single-hop and multi-

hop configuration. Similar finding is observed for time 

response (transmission time) and also the throughput. 

Therefore, it can be concluded that both single-hop and 

multi-hop configurations are work moderately as well as 

energy harvested WSN is concern. 
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