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Abstract—Wireless body area network (WBAN) has evolved 

from Wireless personal area network (WPAN), a prominent area 

of research with vast applications in last decade. In WBAN, 

various wirelessly interconnected body node (BN) are implanted 

in or around the human body. Also due to advancement in 

technology a miniature low power device/BN is developed. The 

main challenge in WBAN body node is to maintain finite size of 

battery as well as to increase its capacity. Hence this issue can be 

resolved by using energy harvesting. Generally researchers have 

used piezoelectric, electromagnetic or solar harvester only. But, in 

this research energy harvesting using the hybrid optimization of 

Piezoelectric and Peltier sensors by controlling on-off timing of 

body nodes is introduced. A hybrid optimized algorithm is 

developed using MATLAB 2015b platform and extensive 

simulation is performed considering four different human 

gestures (relaxing, walking, running and fast running) which in 

turn improves overall Quality of Service (QoS) including average 

(packet loss, end to end delay, throughput) and overall detection 

efficiency. 

Keywords—Wireless, Energy harvesting, Body node, Body 

node coordinator (BNC), Piezo-electric harvester, Peltier 

I. INTRODUCTION 

HE research paper makes a brief overview on technologies 

related to energy harvesting including the current trend of 

internet of things (IoT) [1] and wireless sensor networks 

(WSNs). The IoT plays an essential role to define as well as 

transform the way people live and work, bringing 

extraordinary benefits to our daily life [2, 3]. Different human 

activities have been studied by conducting various simulations 

like (i.e. relaxing, walking, running, and fast running), which 

have resulted in various medical applications. The new energy 

harvesting technique using hybrid approach based on peltier 

and piezoelectric wireless sensing system is proposed. This 

proposed system will increase detection efficiency, average 

(throughput, energy efficiency) and will help in reducing 

average end-to-end delay during wireless data transmission. 

There are various challenges that must be removed first, so that 

Wireless body area networks can be implemented sucessfully.  

In WBAN number of nodes and size is limited due to space 

constraints which in turn make difficult to adapt it seamlessly 

on human body. The size of anybody node is decided by 

battery weight which further represents battery capacity. 

Battery being finite source of energy, so when battery level 

drops the BN operation is firstly affected and in the end stops. 

 
Authors are with Chandigarh University, Gharuan Mohali, Punjab, India 

(e-mail: 15yec1005@cumail.in; drparaschawla.ece@cumail.in).  

 

So for smooth and continuous operation battery replacement or 

recharging becomes essential.  

 

 

 

 

 

 
 

 

 
 

 

 
 

 

 
Fig. 1. Basic Architecture of proposed wireless sensor node. 

A. Self-Powered Wireless Sensor Node  

Conventionally, power supplies and circuits including micro-

controllers and voltage regulators are required by body sensor 

nodes. The basic architecture of proposed wireless sensor node 

is illustrated in figure. 1.  Although the architecture may vary 

in different designs, this figure gives the concept that 

traditional wireless sensor nodes need controlling, power 

supply and data regulations. A considerable amount of 

research work has been performed on designing self-powered 

wireless sensor nodes to ease the maintenance burden and 

improve the lifetime of the power supply. 

B. Wireless body area network 

In WBAN the body nodes are implanted in or around the 

human body. There is a major difference in deployment of 

sensor. Due to advancement in technology a miniature low 

power device BN is developed. The main challenge in WBAN 

body node is to maintain finite size of battery as well as to 

increase its capacity. Hence this issue is resolved by using 

energy harvesting. Mostly researchers used piezoelectric 

sensor, electromagnetic or solar harvester [21]. WBAN are one 

of the emerging technologies that can revolutionize many 

medical applications. WBANs can also be utilized in various 

fields including fitness, entertainment, military etc. The small 

size batteries create hindrance for sensors to sense, process, 

and store and then finally transmit the data. This in turn 

degrades the various parameters including overall energy 

efficiency, throughput and latency of the WBAN. The WBAN 

architecture consists of two modules as shown in figure. 2, 

include multiple interconnected body sensor units/nodes and a 

body central  
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unit. The body sensor nodes not only help in vital medical  

data acquisition but also pre-process the data. In intra-BAN 

[12] the body sensor units and the body central unit 

communicate with the help of Bluetooth. In Intra WBAN in 

Intra BAN communication range is 2 meter around person.  

 

 
Fig. 2. WBAN Architecture under consideration 

C. IEEE 802.15.6 

IEEE 802.15.6 is used as a standard internationally to develop 

communication model between various low power 

consumption devices/nodes implanted in or around human 

body. IEEE 802.15.6 defines international standard in term of 

short range, low power wireless communication. It uses 

international scientific medical band frequency approved by 

national medical as regulatory authority. Sensor and reader is 

based on 30 µW analog signal processor and transceiver 

employs 1.9 nJ/b, 2.4 GHz processor supporting extremely low 

power data rate 10 Mbps. 

II. ENERGY HARVESTING 

      Energy harvesting is regarded as the most effective 

substitute to small batteries in WBAN. The environment and 

availability of various ambient energy sources decide the 

output power of the energy harvester. Hence some applications 

utilize harvested energy more efficiently than other. 

Depending on the application the possible sources for energy 

harvesting are selected and studied. In the process of energy 

harvesting very small amount of energy is converted from 

environment into electrical energy. Energy harvesters can also 

be regarded as miniature green power plants. The energy 

harvesting cannot precisely specify the amount of energy 

harvested. However, conventionally the amount of energy 

harvested for wireless sensor nodes or portable devices is very 

small in a mW power range. Due to the popularity and wide 

range of applications of low power wireless sensor networks, 

the technology has made it practical to develop an extremely 

low power sensor node. Traditionally, energy harvesters were 

developed decade long back. Firstly solar cells were developed 

in 1950s. After that the thermoelectric generators come in 

effect in 1960s, which were earlier used with nuclear batteries 

to power implanted pacemakers. Moreover the fundamental 

effects including photovoltaic and Seedbeck effect [16] were 

used in energy harvesting. Industrial revolution in the 19th 

century leads to these effects. However, a complete sensor 

node was developed recently only consisting of electronic 

circuit with analog to digital converter (ADC), micro-

controller and radio transceiver that operates at low power. 

Hence energy harvesting concept from various sources is 

developed which further helps in recharging batteries without 

replacing. The energy harvester can be used to power any 

individual stand alone device, system or sensor nodes which 

consumes very low amount of power. There are many potential 

applications of energy harvesting. For physically inaccessible 

devices energy harvesting is very suitable.  

On the other hand there are many challenges also in way of 

low power devices that must be removed first before using it. 

Firstly, implementing an energy harvesting device itself is very 

cumbersome task. Secondly, in most of the cases, availability 

of energy after harvesting is usually variable and 

unpredictable. So the energy source should be carefully 

selected after estimating their output power. Thirdly the output 

power and voltage are very low. They require conversion, 

scaling and adequate handling in order to be used by a sensor 

node. A dedicated Power management unit (PMU) is necessary 

to perform this operation. Finally, a matched load helps the 

energy harvesting to provide the maximum possible output 

power.  

A. Overview of Energy Harvesting Systems  

As has been introduced already, energy harvesting 

technology is an approach by which electricity is produced 

from ambient energy. A generic system can be described as the 

one in figure. 3 The block diagram describes the general 

process of energy harvesting.  

 
Fig. 3. Generic block diagram of an energy harvesting system 

 

The first stage of the system is the energy capture stage. In 

this stage, initial energy from ambient sources are captured and 

delivered to the energy harvester through the transmission 

interface. The energy transduction stage is the main stage for 

energy harvesting. The energy harvesters then convert the 

captured energy to electrical energy via corresponding 

transduction [28]. The principle of the transmission interface 

and the transduction are dependent on the type of the initial 

energy and the ambient surroundings.  

III. PROPOSED WBAN MODEL 

    The proposed WBAN structure is developed, modeled and 

simulated using MATLAB 2015b simulation software. The 

proposed non-preemptive priority scheme has been 

implemented on a WBAN test bed based on Arduino Uno R3 

platform with wireless enabled module. It works on 2.4 GHz 

IEEE 802.15.4 compatible radio support. 
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Fig. 4. Block Diagram of Transmission section (TX) 

 

Figure 4 shows block diagram of transmitter section. There 

will be one transreceiver configured with one microcontroller 

at the patient end as shown in figure. 5 & figure. 6 Another one 

will be configured with another microcontroller and connected 

a PC/Laptop for a doctor to check.  

 

 

 

 

 

 

 

 

 

 
Fig. 5. Block Diagram of Receiver section (RX) 

 

 
 

Fig. 6. Picture of body node developed 

 

The patient end part consists of a microcontroller which will 

receive data from a piezo sensor and peltier sensor connected 

to it. The transceiver at this end will send data through the 

radio frequency network. Finally, the sensor nodes which are 

the sender nodes with the receiver nodes are configured with 

ATmega328. Alongside ATmega328 in the base station 

Arduino Promini is used as the programmer of the ATmega328 

microcontrollers.  

A. Data Transmission 

The data sensed by sensor nodes is now transmitted to the 

remote server for analysis and sensing by the medical 

fraternity. Energy consumption during various processes of 

data acquisition also depends on parameter which is being 

sensed by the sensor nodes. Whereas the energy consumed 

during data processing depends upon the hardware and the 

instruction set. Also, energy consumed during the process of 

wireless data communication summarizes energy consumed 

during data transmission and reception. Hence, it makes use of 

low power short range wireless communication technologies 

for communicating data from the interconnected sensor nodes 

to the server located at remote location. In accordance with the 

IEEE standards, the number of nodes may vary from 6 to 28 

that a WBAN can support. The number of nodes is limited due 

to the network constraints like communicational protocols and 

network resources. The number of nodes in a WBAN can 

change depending upon their interaction with other WBANs 

and networks in the surrounding environment.  

B. Energy model 

The energy consumption of sensor nodes is negligible during 

data acquisition, minimum in data processing but maximum in 

data communication. Thus, more focus is given by the 

researchers on energy consumption during communication. 

Most of the energy is consumed in data transmission and 

reception. So, optimum resource allocation is required to fully 

utilize the harvested energy. It helps in improving the 

communication performance of WBANs in terms of higher 

throughput, longer network lifetime, and less wastage of 

harvested energy. Energy gained while transmission and 

reception of radio signals can also be harvested for powering 

the devices. However, this process interferes with data 

transmission. Hence, there is a tradeoff between rate of 

information transmission and harvested energy. Thus, it is 

suggested to have a balance between energy harvesting and 

information transmission for a reliable data transfer with 

continuous energy supply. 

IV. DATA AGGREGATION 

Aggregation, i.e., to combine, mainly focus on aggregating 

data at cluster heads to reduce the number of packets for 

transmission. Data collected by sensor nodes either relates to 

the sensor’s specific location or data collected at multiple 

sensors over time. The aggregator node combines data from 

multiple sensors and is more powerful than the sensor nodes. 

Aggregator node can also act as an interface between the nodes 

by its sensing capabilities. Since data communication is more 

expensive than data processing, aggregator node can affirm 

rich information about the patient from data using data mining 

systems.  

V. DATA ACQUISITION  

In data acquisition the sensor collects data from the ADC the 

channel embedded inside the sensor node. The sampling rate 

controls the whole process, which indicates data collection 

frequency. A timer control manages overall data collection. 

For example, if the sampling rate is set as 40 Hz, this indicates 

that data collection takes place at every (1,000/40), which is 25 

ms. In the Best Effort mode, each packet transmission is 

counted and regarded as successful transmission. In Reliable 

mode every packet in the process of transmission is 

acknowledged. The MAC acknowledges every packet 

received.  
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VI. RESOURCE MANAGEMENT 

Resource management helps in controlling and management of 

various interconnected sensor nodes within the wireless sensor 

network. Sensor on-off and sensor toggle generates source 

control messages depending on the sensor’s battery reading. 

When sensor on-off sleep command is generated it turns off the 

radio communication of the sensor node for a pre-defined time 

interval. Hence power is conserved as now sensor node is in 

sleep state. Further observation shows that the magnitude of 

energy used by radio communication is less than that of 

microcontroller. The MSP430F1611 microcontroller draws an 

approximately 1.8-mA current while opearting in on state and 

5.1 lA in off state. On the other hand, the radio, CC2420, 

consumes up to 17.4 mA of current. Hence it minimizes the 

energy consumption of the sensor nodes to large extent. 

VII. POWER ENERGY AWARE MANAGEMENT QOS 

There are three modules which include Power management, 
Data queue, and Packet compression.  

Power Management: It manages harvested energy and keep 
node in Energy neutral operation (ENO) to obtain lifetime 
power for data detention and Transmission. Moreover node is 
said to be in ENO state if it consume less or equal amount of 
energy compared to the total energy harvested from 
environment. 

Data Queue: Data queue module take care that only useful data 
is transmitted in time constraint. When data is transmitted in 
queue a fixed no of packets are allowed to be transmitted. 
Moreover the packets that are delayed above fixed delay 
threshold which are now irrelevant are ignored and not 
transmitted. 

Packet Compression: In this step duplicate data packet 

address is transmitted instead of duplicate packet which leads 

to decrease in data congestion during transmission. 

VIII. SIMULATION AND RESULTS 

All coding is done in MATLAB 2015b software. The main 
aim is to hybrid optimization of piezo and peltier by controlling 
on off timing of BN operation for various gestures including 
sitting, walking, running and fast running. We have taken two 
harvesters average power reading as shown in Table I & Table 
II considering four BN nodes placed at four different positions 
of human body. 

TABLE I 
AVERAGE ENERGY HARVESTED BY PIEZO HARVESTER (MW) 

B
N

 

R
e
la

x
in

g
 

W
a

lk
in

g
 

R
u

n
n

in
g
 

F
a

st
 

R
u

n
n

in
g
 

1 19.989 124.986 252.139 302.807 

2 20.028 125.111 252.014 301.863 

3 19.963 124.815 252.246 302.123 

4 20.016 125.099 252.458 302.260 

 

Table II 
Average energy harvested by peltier harvester (mW) 
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1 2.992 7.480 10.979 20.045 

2 3.011 7.521 11.032 20.024 

3 3.007 7.510 11.012 19.963 

4 2.982 7.481 11.045 19.969 

 

Fig. 7. Detection efficiency for various types of human activities  
before and after optimization. 

 

 
Fig. 8. Average packet end to end delay for various types of human activities 

before and after optimization. 

 

 
 

Fig. 9. Average Packet loss for various types of human activities before and 
after optimization. 
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Fig. 10. Average Throughput for various types of human activities before and 

after optimization. 

 

 

 
Fig. 11. Average Energy Efficiency for various types of human activities 

before optimization. 

 
 

Fig. 12. Average Energy Efficiency for various types of human activities after 
optimization. 

 

In order to evaluate and validate the proposed hybrid peltier 
and piezoelectric harvester as shown in Figure. 13 in a 
convenient way, an equivalent circuit model is built. 

 

 

Fig. 13. Proposed working module of peltier and piezoelectric harvester 

hybrid model. 

IX. CONCLUSION 

This research aims at designing a motion-powered wireless 

sensing platform using piezoelectric and peltier energy 

harvesting. The platform reported here is completely powered 

by ambient motions at a random low frequency and temperature 

gradient which can transmit the sensing signal to a receiver 

when a suitable passive sensor is connected. The model is 

simulated using the Simulink module in MATLAB 2015b. 

Simulations results as shown in figure 7, 8, 9, 10, 11 & 12 

shows that on an average detection efficiency for m-ON = .1 

has increased ranging from 20% to 40% and average packet 

end-to-end delay has decreased ranging from 50% to 70 %. 

Since m-ON is variable a tradeoff can be obtained in future by 

varying m-ON depending on the applications.  
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