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Abstract - Currently, interests in Healthcare Monitoring System (HMS) based on Wireless Body Area Network 

(WBAN) have grown substantially. HMS reduces the healthcare cost and a great deal of work of the medical staff that 

involves the collection and analyzation of the information through the continuous monitoring of patient health. In a 

WBAN based health monitoring systems, low-energy consumption is one of the most challenging requirements. Many 

techniques have been proposed to reduce the energy consumption of the sensor nodes out of which the novel data 

segregation and classification technique is considered to be the most important one. This method plays an important 

role in reducing the energy consumption of the sensor node but does not maintain a full medical history of the patient. 

This paper solves this issue by introducing a data reduction and compression algorithm that separates the sensor’s 

readings into critical and normal packets and transmits only the necessary packets from both thereby maintaining the 

full medical history of the patient with a reduced energy consumption. Moreover the size of the critical packets to be 

transmitted is reduced using delta encoding technique which further reduces the energy consumption. The 

performance evaluation of this work using OMNET++ shows promising results in terms of energy consumption. 

Keywords – Delta encoding technique, Energy efficiency, Health Monitoring System, IEEE 802.15.4,Wireless Body Area 

Network, Wireless tansmission 

I.  INTRODUCTION 

With the increasing population and urbanization, 

humankind tends to move towards an unhealthy lifestyle 

resulting in diseases. The rate at which the diseases are 

occurring is greater than the number of medical centres 

ready to provide support. It is important that a patient gets 

enough medical care even if doctors and hospitals are 

inaccessible [1]. The current developments in the field of 

wireless networking technologies and the advent of 

integrated electronic circuits offering very small and 

intelligent sensor nodes able to be used on or implanted in 

the human body has led to the development of WBANs. 

Presently, WBAN constitute an active field of research and 

development as it offers the potential of great improvement 

in the monitoring of healthcare [2]. WBAN technology can 

be deployed within a hospital, care home environment or in 

the patient’s own home. 

WBANs consist of a number of heterogeneous biomedical 

sensor nodes which are placed in different parts of the 

body. They can be wearable or implanted under the user 

skin. The fast growth of wireless technologies and personal 

area networks enables the continuous healthcare monitoring 

of patients using these heterogeneous biological sensor 

nodes that collect and evaluate body parameters [3]. 

Equipped with WBAN, the physiological attributes, such as 

pulse rate, body temperature, blood pressure and SPO2 

could be continuously monitored by sensor nodes. 

Honestly, taken good care of by WBAN, elderly people and 

patients who are always at home or hospitals could get 

mobility support, freely roaming in the coverage of a 

telemedicine system. In a WBAN based health monitoring 

system, the medical information of the patient is collected 

automatically by various heterogeneous biological sensor 

nodes. These data are then transmitted to a local medical 

server directly or to a remote medical server through 

Internet via a coordinator. The medical personnel can then 
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access these data from the medical server, processes them 

and provide necessary support  and assistance to the 

patients [4]. 

In health monitoring applications based on WBAN, the 

sensor nodes usually consume energy during sensing of 

data, computing of data and transmitting of biological data 

(wireless communication) to the coordinator. However, 

wireless communication consumes a large amount of 

energy compared to the sensing of biological data and data 

computation. Hence the energy efficiency of the sensor 

nodes mainly depends on the wireless communication 

protocols used at Medium Access Control(MAC) level and 

the protocols used at application layer. Various energy 

conserving techniques and energy efficient Medium Access 

Control protocols such as Bluetooth, Bluetooth Low 

Energy, IEEE 802.15.4, Zigbee, IEEE 802.15.6 and 

6LoWPAN, have been used to lower the energy 

consumption of sensor nodes. In order to reduce the energy 

consumption, it is also important that the upper layer 

(application layer), must use better strategies such as 

sampling and transmitting data packets, reducing the size of 

the data packets by compression or transmitting only the 

necessary data packets and dropping the unwanted ones[2].  

The rest of this paper is organized as follows. Related 

Works is shown in Section II. Section III presents the 

Proposed Energy Conserving Model. Section IV discusses 

the Results. Conclusion is provided in Section V. 

II.RELATED WORKS 

Dapeng Wu et al.[5] uses an energy-efficient data 

forwarding strategy that balances the sensor node energy 

consumption and improves the network lifetime. Here the 

original physiological data are compressed to reduce the 

data size in order to improve the energy efficiency of the 

body sensor nodes and transmitted by multi-hop tree based 

routing protocols. 

C. O. Rolim et al.[6] proposes a system to automate the 

process of collecting patient's vital data via a network of 

sensors connected to legacy medical devices, and, deliver 

this information to the medical center’s “cloud” for storage, 

processing, and distribution. 

Akande Sheriff Abiodun et al.[7] have introduced a novel 

data segregation and classification scheme that separates 

the sensor’s readings into urgent, semi-urgent and non-

urgent packets. The urgent packet is sent to the gateway 

immediately. The semi-urgent packet is buffered 

temporarily inside the sensor, and the buffered packet waits 

for the next transmission. If the next transmission is also 

semi-urgent, the sensor forwards the buffered packet to the 

gateway or drops the packet if it cannot be forwarded. The 

non-urgent packet is dropped immediately without being 

transmitted to the gateway. Since the number of packet 

transmissions are reduced the sensor node power 

consumption is reduced. Moreover, WBAN systems are 

highly dependent on gateway devices. This paper offers an 

architectural routing approach for a medical sensor that 

enables transmitting packets during gateway failure. The 

WBAN wireless transmission technology used here is 

6LoWPAN. 

O. Salem et al.[8] have introduced an anomaly detection 

algorithm that can divide the sensor’s readings into normal 

and abnormal to determine the complexity state of a patient. 

Their work transmits all the packets. 

G. Almashaqbeh et al.[9] uses the concept of  data 

classification and segregation which classifies the sensed 

data into urgent and non-urgent data. The former is sent 

instantly to the medical staff while the latter is aggregated 

and sent less frequently. However, this algorithm 

implemented inside the gateway does not solve the power 

consumption issue of medical sensors; it only reduces the 

rate of the packet’s transfer to the cloud from the gateway, 

which only reduces the network congestion. 

B.Chen et al.[10] focuses on providing a networking 

solution for in-hospital triage, which is the process of 

prioritizing patients based on the severity of their condition. 

In this work the authors have proposed a new interference-

aware WBAN system that continuously monitors vital signs 

of multiple patients and prioritizes data transmission based 

on patient’s condition and data content. Based on the 

patient’s condition, which in this work the authors assume 

to be already diagnosed, patients are categorized into three 

classes, “Red”, “Yellow”, and “Green”, each indicating the 

level of treatment needed, i.e., “immediate”, “delayed”, and 

“minimal”, respectively. Categorization of one patient into 

one of these three classes can be achieved by using data 

aggregation algorithms within one WBAN. The cluster 

based data aggregation algorithms are used here. 

Many techniques as have been discussed till now, have 

been proposed to reduce the energy consumption of the 

sensor nodes out of which the novel data segregation and 

classification technique[7] is considered to be the most 

important one. This method plays an important role in 

reducing the energy consumption of the sensor node but 

does not maintain a full medical history of the patient.The 

proposed data reduction and compression algorithm solves 

this issue by separating the sensor’s readings into critical 

and normal packets and transmitting only the necessary 

packets from both. Thus it supports the full medical history 

of the patient with a reduced energy consumption. 

Moreover the size of the critical packets to be transmitted is 

also reduced using delta encoding technique which further 

reduces the energy consumption. The adopted wireless 

communication protocol in the proposed work is ZigBee 

which is an energy efficient MAC protocol compared to 

6LoWPAN in [7]. 
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III. PROPOSED ENERGY CONSERVING 

MODEL 

The energy consumption at the physical and MAC layer 

can be reduced by using energy efficient MAC protocol. In 

our work we have adopted the energy efficient IEEE 

802.15.4 MAC protocol. It can operate in the beaconed and 

non beaconed mode. Our proposed work uses star topology 

operating in the beacon mode. The coordinator of a star 

network operating in the beaconed mode organizes the 

channel access and data transmission with the sensor node 

with the help of superframes. This avoids the sources of 

energy consumption at the physical and MAC layers such 

as collision, idle listening, overhearing and wireless 

channel error.  

The IEEE 802.15.4 group has standardized the physical- 

(PHY) and the medium access control (MAC) layers. The 

ZigBee protocol and 6LoWPAN protocol are the protocol 

stacks based on IEEE 802.15.4. They concentrate on the 

development of the upper layers and the overall 

development. In our work we have adopted the ZigBee 

protocol that operates in the beaconed mode of the IEEE 

802.15.4 MAC protocol. At the network layer the ZigBee 

protocol uses AODV(Adhoc On demand Distance Vector) 

routing protocol which is a low overhead protocol. Hence 

the energy consumed due to the protocol overhead is 

reduced. Since in our work star topology is used and the 

sensor node directly communicates with the coordinator 

there is no issue of choosing of the shortest path as in the 

case of multihop routing. At the transport layer the data is 

transmitted as UDP like packets. The header size of the 

UDP packets is less and the overhead due to the 

acknowledgement is also avoided. Hence the energy 

consumed due to the protocol overhead is reduced.  

The main function of the application layer is source coding. 

The further energy consumption at the physical layer can be 

reduced by decreasing the number of packet transmissions 

and reducing the packet size(ie. the number of bits 

transmitted). This is mainly decided at the application layer. 

Our work proposes a new data reduction and compression 

algorithm which is implemented at the application layer to 

achieve this goal. 

The packet transmission in the proposed work is as follows: 

The medical sensor collects the bio-signal data from a 

patient and performs a data reduction and compression 

algorithm which classifies the readings into critical and 

normal packets before it is transmitted. The criticality of a 

packet varies from one sensor to another, and Table 1 

shows the different range values of some medical sensor’s 

readings. 

Normal data: These are defined as the bio-signal data 

within the threshold value of a medical sensor. 

Critical data: These are the bio-signals that are above or 

below the threshold value. 

• The first sensed packet (normal or critical) is sent to 

the medical server immediately. 

• If the previously sent packet is normal then the next 

packet is sent only if it is critical. 

• If the previously sent packet is critical then the next 

packet sent can be,  

a. Any critical packet that arrives which is greater than 

or equal to a tolerance value set. 

b. Any normal packet to indicate the case of state 

change. 

In case (a), we use delta encoding technique, which 

sends the calculated difference between two consecutive 

sensed data (current data-previous data) rather than 

sending the sensed data directly in the critical region. If 

the change in the difference on average is smaller than 

the actual values, this simple strategy would yield a 

reduction in redundancy, and thus reduce the bit rate. In 

our case there is a reduction from 16 bit/sample to 8 

bit/sample. 

One of the drawbacks of this technique is that if a single 

packet is lost all the following packets will be erroneous. 

So in order to avoid this we have set a  modulo n counter in 

our algorithm. When the counter is 0 the whole critical 

packet is sent. In all other cases the compressed critical data 

is sent.  This reduces the error rate of our work. 

Table 1.Readings of some medical sensors 

Medical 

Sensor 

Function Normal Critical 

Pulse rate 
Measures the 

heart  rate. 
46-94 bpm 

Less than or 

equal to 45 

bpm and 

greater than 

or equal to 95 

bpm 

Blood 

Pressure 

Measures the 

blood pressure 

value 

90-120/ 60-80 

121 

mm Hg and 

greater/80-

100 and less 

than 90 mm 

Hg/40-60 

 

SpO2 

Determines the 

amount of 

oxygenated 

hemoglobin in 

the blood 

94-99% 
 

Below 94% 

The transmission occurs between the sensor nodes and the 

medical server via a coordinator/gateway, and the sensor 

nodes are equipped with the ZigBee protocol. The pseudo 

code of the data reduction and compression algorithm for 

the medical sensor node is shown in Algorithm 1.   
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Algorithm 1. Proposed Data Reduction and 

Compression    

Algorithm For Energy Conservation                                                                        

Start  

int  prevdata = 0, newdata = 0, tolerance=3, count=0;  

for(;;) // do forever//  

    ∑(n=1-200) //random number generator for simulation  

of data//   

    newdata = n;  

    if(prevdata = = 0) {emit(newdata);  prevdata=newdata; }  //  

transmit the first data //  

    else if(prevdata in non-critical region && newdata in 

criticalregion) //  state change from normal to critical //         

           { emit(newdata); prevdata=newdata; count=1; } 

    else if(prevdata in critical region && newdata in non-

criticalregion) //  state change from critical to normal /   

         { emit(newdata); prevdata=newdata; count=0; }  

    else if(prevdata in critical region && newdata in critical 

region && abs(prevdata-newdata) >= tolerance) //state 

remains in critical //   

       {   if (count ==0) emit(newdata);   

            else  emit(newdata-prevdata);  

            prevdata=newdata;  

            if(count==5) count=0; else count++; }     

end for  

Stop 

 

Figure.1. Proposed WBAN Communication System 

IV. RESULTS AND DISCUSSION 

The performance of the proposed work were analyzed. To 

analyze this work, two methods from related existing works 

were also simulated. The related works [6] and [7] were 

also simulated under the same condition with this work. 

The simulation clearly showed that the performance of the 

proposed work outperforms the existing works in terms of 

energy consumption. 

 

 

Table 2.The Throughput of Transmitted Packets 

 

Total 

number 

of 

packets 

sensed 

Number of 

packets 

transmitted

-[6] 

Number of packets 

transmitted-[7] 

Number of 

packets 

transmitted-

Proposed work 

200 200 

Urgent          : 63 

Semi-urgent : 43 

Total         : 106 

Critical  : 29 

Normal  : 08 

Total    :  37 

400 400 

Urgent         : 144 

Semi-urgent :  79 

Total           : 223 

Critical :  65 

Normal : 14 

Total   :  79 

600 600 

Urgent         : 206 

Semi-urgent :118 

Total          : 324 

Critical :  93 

Normal :  21 

Total   : 114 

800 800 

Urgent         : 279 

Semi-urgent :162 

Total           : 441 

Critical :126 

Normal :  28 

Total    :154 

1000 1000 

Urgent         : 341 

Semi-urgent :199 

Total           : 540 

Critical :154 

Normal :  34 

Total    :188 

The Table 2 shows the number of packets transmitted in 

[6],[7] and our proposed work. This Table clearly 

demonstrates that the proposed data reduction and 

compression algorithm has significantly reduced the 

number of packets transmitted by the sensor node which 

has resulted in a reduction in energy consumption. 

 

Figure.2. The Throughput of the transmitted packets 

The Figure.2 shows that the proposed work has 

significantly reduced the number of packets transmitted by 

the sensor node. 
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Figure.3. The Data delivered at the Medical server Vs 

Simulation time(s) 

The Figure.3 clearly shows that in the critical region the 

graphs of [6], [7] and the proposed work coincides. This 

coincidence indicates that in the proposed work all the 

necessary critical information reaches the medical server 

although the number of critical packets transmitted are less 

there by reducing the energy consumed. 

A. Energy Consumption during Packet Transmission 

Energy consumed by MC1322x mote for transmission of 

a single packet consisting of 2 bytes of data payload,  

Epkt =  0.168 mJ. 

Total Energy consumed = Epkt x Number of packets           

(1)              

                                                      Transmitted 

Table 3. Energy consumed in various cases for 1000 

packets sensed 

 

Cases  No. of Packets 

transmitted 

Energy consumed. 

Ref.[6] 1000 0.168  x 1000 = 168 mJ 

Ref.[7] 540 0.168  x 540   =  90 mJ 

Proposed work 188 0.168  x 188   =  32 mJ 

The Table 3 shows the total energy consumed in [6],[7]and 

the proposed work  for 1000 packets sensed.   
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Figure.4. The Average Energy Consumption 

Based on the equation (1) the above bar graph has been 

created for 200, 400, 600,800 and 1000 packets sensed. 

From Figure.4 it is clear that the proposed work has 

significantly reduced the energy consumption of the sensor 

node . 

Energy consumed by MC1322x mote for transmitting a 

single packet consisting of 1 byte of data payload(after 

compression)    =  0.164 mJ. 

In our simulation when 1000 packets are sensed, only 

188 packets are transmitted out of which 122 are 

compressed and 66 are uncompressed. When 1 lakh 

packets are transmitted, 64706 packets are compressed 

and 35294 packets are uncompressed. 

With Compression: 

Epkt = 64706x0.164+35294x0.168 

    = 10612 mJ + 5929 mJ 

  = 16541 mJ 

Without Compression: 

Epkt = 100000x0.168 

    = 16800 mJ 

Difference = (16800-16541)mJ 

      =  259 mJ saved 

V. CONCLUSION 

The main contribution of this paper is the development of a 

data reduction and compression algorithm to reduce the 

energy consumption of the WBAN sensor nodes. The 

introduced algorithm classifies the readings into critical and 

normal packets before it is transmitted and transmits only 

the necessary packets but from both. Thus it supports the 

full medical history of the patient with a reduced energy 

consumption. The first sensed packet (normal or critical) is 

sent to the medical server immediately. If the previously 

sent packet is normal ( that is if the patient is in the normal 

state) then the next packet is sent only if it is critical. If the 

previously sent packet is critical (that is if the patient is in 

the critical state) then the next packet sent can be,  (a) Any 

critical packet that arrives which is greater than or equal to 

a tolerance value set, (b) Any normal packet to indicate the 

case of state change. Moreover in case (a), rather than 

sending the sensed data directly in the critical region the 

size of the critical packets to be transmitted is reduced 

using delta encoding technique (which sends the calculated 

difference between two consecutive sensed data (current 

data-previous data).The performance of this work is 

evaluated with an OMNET++ simulator, and the results 

outperform the existing works in terms of energy 

consumption. 
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