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Abstract--Wireless body area network (WBAN) being a sub-domain of wireless sensor network (WSN) is a new emerging technology for 

healthcare applications. A WBAN consists of low-power tiny wireless nodes placed on or around the human body that continuously 

observe vital health signs of a patient. These sensors are capable of sending information of physiological parameters taken from human 

body to other devices for diagnosis procedures and prescription. WBAN provides ubiquitous healthcare services and enables greater 

mobility without restricting human normal activities, as the medical personnel can observe the patient health conditions based on the 

data received through the wireless network. This research work provides a WBAN based healthcare monitoring system that can provide 

the electrocardiogram (ECG), heartbeat, and human body temperature information. The wireless transmission of the received data 

from human body is performed by using Zigbee IEEE802.15.4 communication standard. The physiological data will be communicated 

to remote medical server where data is stored and analyzed. In case any disease is diagnosed, medical personnel can provide immediate 

assistance to the patients.   
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I.  INTRODUCTION 

ireless sensor network (WSN) is widely utilized in 

numerous fields for monitoring and surveillance 

purposes including healthcare, environment monitoring, and 

military training. WSN comprises of sensor nodes deployed to 

monitor some physical conditions with computational and 

communication capabilities under scarce energy resources [1]-

[3]. The on-going increase in portable monitoring devices and 

location independent monitoring facility has resulted in the 

utilization of WSN for biomedical purposes [4]. This emerging 

application of WSN for biomedical services is called as wireless 

body area network (WBAN) [5].  

A WBAN consists of in-body and on-body low-power tiny 

wireless nodes that continuously observe vital health signs of a 

patient for diagnosis procedures and prescription [6]. WBAN 

provides ubiquitous healthcare, improved quality of life, and 

treatment success rates in humans. WBAN enables greater 

mobility without restricting human normal activities where 

doctor can observe the patient medical conditions based on the 

data received through the wireless network.  

A typical architecture of WBAN based healthcare system is 

shown in Fig. 1 [7], which comprises of several actuators or 

sensor nodes and a body control unit (BCU). The duty of BCU 

is to gather physiological data from the nodes and transmits this 

information to the remote medical server. The medical 

personnel provide necessary medical services after analyzing 

the received information. Several wireless communication 

technologies are available for transmission of sensor 

information to the remote healthcare centre such as WiFi, 

WiMAX, Bluetooth, Zigbee, existing mobile data networks 

(4G/5G), etc. However, license free ISM band (2.4 GHz-2.4835 

GHz) [8] like Zigbee and Bluetooth are the dominant standards 

being deployed to accomplish data communication in WBAN. 

Zigbee is also a widely used technology in WSN based 

applications for smart grid systems [9].   
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Fig. 1. An overview of WBAN communication architecture. 

WBAN is still facing several technological issues for its 

widespread use in medical applications and researchers have 

shown several open issues related to WBAN implementation in 

healthcare applications such as overall system efficiency and 

data reliability [10], [11].  

In this paper, hardware design of WBAN based medical 

system for monitoring real-time heart conditions and body 

temperature using Zigbee is presented. The gathered 

information from the WBAN is forwarded to the remote 

medical server using GUI where professionals will analyze the 

data and make appropriate medical decisions. Some open issues 

in WBANs and their utilization in ECG and medical 

applications are also highlighted. 

The rest of the paper is organized as follows. Section II 

presents background and related work. The hardware design 

and results of proposed WBAN monitoring system for health 

applications is discussed in Section III followed by conclusions 

in Section IV. 

II.  BACKGROUND AND RELATED WORK 

WBAN consists of small size and low-power sensor nodes 

that have limited computational and storage capabilities. 

WBAN sensors are usually implanted in or placed on human 

body to monitor different essential health parameters, such as 

electroencephalography (EEG), electrocardiogram (ECG), 

photoplethysmogram (PPG), Motor Imagery EEG [12], pulse 

rate, enabling most widely used solution in healthcare area [11]. 

The collected data from deployed sensors or actuators is then 

transferred to remote medical server using wireless 

communications technology where diagnostic and therapeutic 

decisions are performed for a medical treatment.  

Undoubtedly, the advancement in wearable sensors along 

with wireless communication technologies has provided 

prevention and detection of fatal disorders. In general, wearable 

sensor in healthcare applications consists of following types: 

 Electromagnetic tracking system (ETS) sensor is used 

as a body position measurement sensor [13]. 

 Accelerometer sensors or motion detection sensors are 

used to sense acceleration [14]. 

 EMG sensor that provides electrical activities of 

particular muscle. 

 ECG sensor allows interpretation of electrical activity 

of heart. 

 EEG sensor is used to measure brain waves of a person. 

 Blood glucose monitoring sensor enables to measure 

blood glucose level (BGL). 

 Ground reflection force (GRF) sensor that is used in 

gait analysis. 

Low-power operation and miniaturization are two essential 

physical requirements of WBAN sensor nodes since these two 

factors determine the lifetime of the devices and their suitability 

to be implanted on the human body.  In literature, several useful 

works have been conducted in the development of WBANs. A 

smart phone based application for the detection of heart attack 

is presented in [15], where index fingers are placed on mobile 

camera to calculate the heart rate. In [16], non-contact 

capacitive electrodes are used to monitor heart activity through 

clothes, for which results reveals heart error rate within 1%.  

An excellent survey related to wearable sensors in WBANs 

is provided in [17]. The authors have discussed medical 

applications (ECG, EEG, detection of blood glucose level, 

respiration rate, etc) and non-medical application (daily 

exercise monitoring) of several types of wearable sensors. They 

have also provided a detailed analysis of filtering techniques for 

different types of noise present in ECG signals. To extract ECG 

features from WBAN sensors, the first step is to remove noise 

content from ECG signal using pre-processing technique. The 

noise component present in ECG signal are predominant in the 

range of 0.01-150 Hz. Table I summarizes important type of 

noise present in ECG signal.  

Microwave and radio communications enable high 

bandwidth and large range. However, in near-body health 

applications, microwave and radio communications should be 

avoided due to the high exposure of radiations to body tissues 

[18]. Moreover, electromagnetic interferences (EMI) of RF 

devices cause serious malfunctions of medical equipment [19]. 

In such cases, ultrasonic communication is a more suitable due 

to its less radiation effect on human body. In [20], Galvanic 

Skin Response (GSR) sensor is used to detect whether a person 

is under stress or not. The GSR data is transmitted using 

ultrasonic communication system with an amplitude shift 

keying (ASK) modulation. The results reveal that the proposed 

ultrasonic based GSR sensor performs well in relatively short 

range and narrow beamwidth. Wireless optical communication 

(WOC) based WBAN systems have also emerged an alternative 

way to reduce electromagnetic pollution in hospital 

environments. Generally, WBANs based health monitoring 

applications need low data rates [21]. A WBAN system based 

on wireless optical communication (WOC) is investigated in 

[22], which provides a health monitoring setup composed of 

three nodes and a coordinator, and an optical code division 

multiple access (OCDMA) scheme is utilized. In [22], authors 

have evaluated the performance of WOC based WBAN system 

for medical requirements such as data rate, power consumption 

and flexibility, and it is shown that WOC has the ability to 

provide a alternative to RF based WBAN systems particularly 

in scenarios where there are RF interference concerns. 
 

TABLE I 

Different types of noise in ECG signal 

Noise  Frequency 

Power line interference 50 Hz or 60 Hz 

Baseline wandering Below 0.5 Hz 
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Electrodes motion artifacts 1 Hz to 10 Hz 

Electromyographic (EMG) noise 25 Hz to 100 Hz 

In [23], a continuous vital signs monitoring system (VSMS) 

in hospital is proposed. Blood pressure, heartbeat, and 

temperature are monitored and forwarded to observation room 

using WSN where node architecture is based on multiple routers 

that are used to provide path for sensor nodes to transmit data or 

receive data from the observation room [24]. 
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Fig. 2. Block diagram of WBAN based healthcare system. 
 

 
 

Fig. 3. Hardware setup of WBAN based healthcare system for ECG, heartbeat, and temperature monitoring. 

 

Energy efficiency, which is an important requirement of 

sensing nodes, is achieved by selection of the optimal routes in 

WSN through genetic algorithm (GA) [23]. A detailed 

discussion on reliable communication and security challenges 

in WBANs is provided in [25]-[27].  

The next section provides the design of WBAN for real-time 

monitoring of ECG, body temperature, and heartbeat. 

III.  DESIGN OF WBAN FOR HEALTH MONITORING APPLICATIONS 

A.  Block Diagram of Proposed WBAN System 

ECG sensor (LM324), heartbeat sensor (LM358), and body 

temperature sensor are used to measure vital parameters that are 

monitored from a human by attaching electrodes on human 

body. Fig. 2 shows the block diagram of WBAN based ECG, 

heartbeat, and human-body temperature monitoring system. 

The ECG, heartbeat, and body temperature signals have very 

low amplitude usually in 0.5-1 µV, which by setting desired 

gain is amplified to the value of 4.5-5 mV. Another problem in 

ECG analysis is the noise mixed with ECG signals, for removal 

of noise the ECG and body temperature signals are passed 

through a bandpass filter, hence to allow a specific band of 

frequencies while eliminating unwanted frequencies, also a 

notch filter is used to remove power line interference at 50 Hz. 

The physiological signals i.e. ECG and temperature are analog 

signals, which are then digitized using A/D convertor. The 

digitized signal is then processed and stored in Arduino [28]. 

The Arduino will then forward the stored ECG, heartbeat, and 

body temperature via Zigbee to the remote medical server for 

data record keeping and medical service in case any 

abnormality is diagnosed. 

B.  Hardware and Result Analysis for Proposed WBAN System 

The hardware implementation of proposed WBAN based 

healthcare system for ECG, heartbeat rate, and temperature 

monitoring is provided in Fig. 3. This sensing module is 

attached to human body and the body essential health data will 

be communicated to remote medical server. 

By attaching sensing module to human body, the real-time 

ECG, heartbeat, and temperature are obtained for a patient with 

ID#122APAK using GUI at remote laptop as shown in Fig. 4.  

The result obtained in Fig. 4 provides the following useful 

information about the patient: 

 A normal ECG is shown in Fig. 4, which reveals that 

the heart beats rhythmically at 60-100 beats per minute. 

The readings strongly resemble a normal ECG signal. 

The R, S, and T segments of ECG are visible and 

resemble a normal ECG. In a normal ECG case, the 

PQRST curve repeats after every 0.87 interval. 

However, in abnormal faced by heart, this time may 

increase or decrease.  

 In normal scenarios, heartbeat rate for adults ranges 

from 60-100 beats a minute. Heartbeat rate is also 

depicted in Fig. 4. In case heartbeat does not show 

normal values, hospital staff can provide in time 

medication to avoid heart disorders. 

 The value of body temperature depicted in Fig. 4 is 38 

Celsius, which is a normal body temperature. 
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Fig. 4. GUI for for ECG, heartbeat rate, and body temperature obtained at 

remote Laptop. 

C.  Challenges in WBAN for Healthcare Applications 

The healthcare related applications require a proper design 

of WBANs. The senor nodes and coordinator in WBAN are 

limited in terms of energy. For critical health data, lifetime of 

nodes is crucial to provide real-time health data. The proper 

utilization of technique such as multiple transmission 

scheduling and efficient channel access schemes at the MAC 

layer can prolong the battery of nodes in WBAN. The WBANs 

reliability is also an important concern, which can be increased 

by reducing transmission delays and packet loss in the network 

through effective utilization of appropriate packet size and 

channel access schemes at MAC layer.  

Other than these challenges, the layer specific issues are also 

a major concern in WBAN applications. For example, quality 

of service for emergency traffic, network scalability, and 

energy-efficient routing protocols needs to be incorporated in 

WBAN medical applications for its efficient functionality. The 

noise from different sources such as electrodes and wirings 

connected to WBAN degrades performance. The data security, 

privacy, and interoperability need a considerable attention for 

proper operation of WBAN healthcare system. Some of the 

challenges and open research issue related to WBANs for 

healthcare applications are depicted in Fig. 5. 
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Fig. 5. Challenges and open research issues in WBAN. 

IV.  CONCLUSIONS 

Smart healthcare devices have motivated researchers to 

provide solutions to improve health and social care provisions 

to existing medical services. In this perspective, WBAN is a 

potential technology that can revolutionize the medical and 

healthcare sectors. In this paper, WBAN based healthcare 

system is developed to obtain vital signs from human body that 

can provide benefits to both patients and doctors. Moreover, the 

developed WBAN system can provide quick and fast response 

for emergency situations, such as, abnormal ECG, heartbeat, 

etc. In future, the authors are interested to design a monitoring 

healthcare portable device for athletes and sportsmen. 
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