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 Wireless body area networks (WBAN) have improved healthcare industries 

to a large extent by providing contactless measurements and remote data 

analysis. However, the challenges encountered are mostly in the form of 

energy depletion scenarios, which results in the reduction of network 

lifetime to a large extent. This work presents an effective model to provide 

energy-efficient routing and enhanced energy harvesting mechanisms to 

improve network lifetime. The ant colony optimization (ACO) method has 

been extended to include a fitness function that takes into account several 

factors, and this is the basis for the routing model. These processes ensure 

effective routing, which conserves energy and, in turn, results in enhanced 

network lifetime. Performance of the proposed model has been compared 

with the existing state-of-the-art models in the domain. Comparison with the 

metaheuristic-based model, cooperative energy efficient and priority based 

reliable routing protocol with network coding (CEPRAN), indicates the 

efficiency of the energy harvesting mechanism used in the proposed work. 

When compared with models using energy harvesting mechanisms, results 

exhibit higher network lifetime, depicting the efficiency of the proposed 

routing mechanism. 
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1. INTRODUCTION 

Microelectronics have become more powerful and can handle higher memory computations [1]. 

They are also found to exhibit increased computing capabilities and battery capacity levels. These positive 

changes in microelectronics have reshaped technology to a large extent. They have enabled better and more 

powerful sensors [2]. Further, these devices are incorporated with wireless communication capabilities to 

ensure external communications. Hence, they can be deployed even in inaccessible locations for collecting 

information. The collected information undergoes low levels of processing and is transmitted to the base 

stations. Base stations are more powerful computing machines. Hence they collect the data and process them 

to derive better and more powerful insights [3]. Varied types of sensor networks can be created using these 

devices, of which wireless body area networks (WBAN) are a special type of network mainly used in 

healthcare applications. 

Several physiological indicators may be measured by deploying WBAN networks either within or 

outside the human body [4]. They monitor, collect and transmit several parameters within and outside the 

human body. These sensors are small. Hence, they can be effectively deployed on or inside the human body 

without any disturbance to the person. The sensors vary considerably based on the location of deployment 

https://creativecommons.org/licenses/by-sa/4.0/
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and the measure they will record. WBAN sensors can effectively measure parameters like blood pressure, 

body temperature, and glucose levels [5]. The collected data is transmitted to the base station, the sink node. 

These are again transmitted to devices outside the body for remote examinations by physicians [6]. With the 

increase in the number of diseases worldwide, a huge demand arises for effective measuring tools and 

physicians. The usage of WBAN systems can provide an effective solution to this issue.  

The major advantage of using WBAN systems is that it does not require a medical practitioner to be 

present with the patient. Several critical measurements, such as electroencephalogram (EEG) and 

electrocardiogram (ECG), can be easily remotely collected with these sensors. Doctors can analyze the 

reports and can provide contactless prescriptions to patients. These models, however, pose several 

challenges. The major challenge arises due to their small size. The small size restricts battery capacity to a 

large extent. 

Further, another issue is the problem of packet loss and the need for retransmissions [7], [8]. These 

requirements tend to increase battery usage further, resulting in faster depletion. The high mobility associated 

with the human body also poses a challenge, as the network tends to become dynamic. The constraint of 

limited node deployment and the absence of opportunities for redundancy results in the requirement of 

routing models with low failure rates. Energy efficiency also plays a vital role in deciding the routes. This 

work presents an effective model that uses modified ant colony optimization (ACO) to provide energy-

efficient routes. 

Energy efficiency is of paramount importance in WBAN architecture. Most of the proposed 

modeling techniques deal with routing models with a major concentration on providing energy-efficient 

routes. The latest research in this area is discussed in this section. 

An energy-efficient modeling technique that integrates an energy harvesting mechanism for 

improving the network lifetime was proposed by [9]. This work is based on a clustering technique for 

identifying energy-efficient routes. The model uses a multi-attribute-based clustering mechanism and 

identifies cluster heads to perform cooperative routing. The model operates in two phases; the cluster head 

identification phase and the routing phase. The model mainly focuses on reducing retransmission to improve 

energy efficiency. An energy-efficient model was proposed by [10]. The model uses a low-overhead tree-

based routing scheme and specializes in multi-hop routing. The model concentrates on energy utility and 

conserving transmission power. The model also concentrates on issues arising due to body shadowing. A 

dual sink approach using clustering techniques was proposed by [11]. The work mainly focuses on reducing 

the path loss levels in the transmission process. Another energy efficiency-based extension approach was 

proposed by [12]. 

An energy-aware routing model used for health monitoring was proposed [13]. The model uses 

critical data routing techniques to transmit information from the sensor nodes deployed inside the body to the 

sensor on-body. The work also uses threshold-based data transmission controllers to ensure the effective 

transmission of emergency traffic. This ensures redundant transmission of regularly lost packets. A reliable 

and energy-conserving model for transmission between body sensors was proposed [14]. The work uses a 

stealing signal to ensure lossless transmissions and to conserve energy. Another similar energy efficiency-

based model to conserve energy was proposed in [15]. A cooperative energy efficient, and priority-based 

reliable routing protocol, cooperative energy efficient and priority based reliable routing protocol with 

network coding (CEPRAN), was proposed [16]. This work is based on enhancing the reliability and 

cooperative behavior among the nodes to ensure faster and energy-efficient transmissions. The work uses 

cuckoo search-based optimization to identify the relay nodes for data transmission. A link aware and energy 

efficient scheme (LAEEBA) was proposed [17]. This work introduces the concept of a forwarder node. The 

forwarder node is identified in a route based on the distance and residual energy levels. 

A thermal energy-aware routing model for effective routing in [18] WBAN systems was proposed. 

This work has its major focus on maintaining stability and providing effective routing. The work provides an 

effective balance between maintaining the charge and reducing the temperature levels of the nodes to reduce 

overheating. An energy-aware peer routing protocol was proposed in [19]. This work aims to create a patient 

monitoring framework that improves energy efficiency and provides peer routing for WBAN. An energy-

aware routing protocol was proposed by [20]. The work identifies the major sources of energy depletion and 

follows up with a 2-hop routing model that can be energy efficient and also can effectively handle issues 

occurring due to posture changes. Other similar routing models for energy awareness include the grey wolf 

optimization-based model [21] and the energy harvesting-based model [22]. A comparative analysis of the 

discussed literature works has been tabulated and provided in Table 1. 
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Table 1. Comparative analysis of works from literture 

Technique 
Energy 

harvesting 
Energy aware 

routing 
Routing technique Notes 

E-HARP [9] Yes Yes Cooperative routing Cluster based node grouping 

Liang et al. [10] No Yes Tree based routing Retransmission reduction 

DSCB [11] No No Dual sink approach Handles body shadowing 
EH-RCP [12] Yes Yes Multi-hop routing Clustering based node grouping 

CDR [13] No Yes Critical data routing Threshold based transmission 

Tsouri et al. [14] No Yes Multi hop transmissions Relaying of creeping waves for transmission 
REEC [15] No Yes Critical data routing  

CEPRAN [16] No Yes Cooperative routing Reliable routing 

LAEEBA [17] No Yes Multihop routing Forwarder node-based routing 
Shahbazi and Byun 

[18] 

No Yes Thermal energy aware 

routing 

Balances charge and temperature of nodes 

EPR [19] No Yes Peer routing  
Shaik and Subashini 

[20] 

No Yes 2-hop Routing Handles posture changes 

Bedi et al. [21] No Yes Grey wolf optimization-

based routing 

Uses Q learning 

Gherairi [22] Yes No Priority based routing  

 

 

2. METHOD 

Identifying effective and energy-efficient routes is important in WBAN to ensure a longer network 

lifetime. The system model for the proposed routing architecture is provided in Figure 1. This work proposes 

a metaheuristic-based algorithm for route detection. The proposed metaheuristic model is based on multi-

criteria decision-making to incorporate all the necessary criteria for effectively identifying nodes for the route 

creation process. The major advantage of using a metaheuristic-based model is that it can be time 

constrained. Hence the model can be operated upon even in applications with short-time requirements. 

Energy efficiency is incorporated using two mechanisms; the first is using energy-effective routes, and the 

second mechanism is using energy harvesting techniques. Energy harvesting mechanisms ensure continuous 

energy supply to the nodes, reducing the need to replace batteries and the probability of dead nodes. The 

proposed routing mechanism is performed in three phases; network initialization phase, data transmission and 

state analysis phase, and metaheuristic-based energy efficient route identification phase. 

 

 

 
 

Figure 1. Metaheuristics based energy effective routing (MEER) system model 
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2.1.  Assumptions 

WBAN has 14 sensor and 2 sink nodes, network has 16 nodes. All sensor nodes acquire bodily data 

and send it to sink nodes. The sink nodes send information to body-surface devices or external devices for 

transmission and processing. Single-hop or multi-hop communication is used to send data to sink nodes. In 

emergencies, single-hop data transmission is employed, while typical data is multi-hop. Emergency, delay-

sensitive, reliability-sensitive, and general data are collected. Sensor node data categorization determines 

transmission type. General data uses multi-hop transmissions, while other traffic uses single-hop. Single-hop 

broadcasts raise node temperatures more than multi-hop transmissions. The following are the major 

assumptions adopted in the proposed model: 

− During data collection, processing, transmission, and reception, nodes use power. Data transmission and 

reception stages consume more electricity than other activities. Thus, processing power usage is neglected [23]. 

− Although the sensors are deployed in the human body, body and limb movements can result in changes in 

the deployment locations. Hence the network is considered to be dynamic in nature, and so path 

identification is performed prior to every transmission. 

− The sensor nodes deployed within human body are highly power constrained in nature. Once deployed, 

they cannot be accessed for battery replacements. Hence, the sensors are considered to be equipped with 

energy harvesting mechanisms [9]. Charge of sensors are considered to increase in a periodic manner as 

shown in (1). 

 

𝐸𝐻𝑎𝑟𝑣𝑒𝑠𝑡 = ∫ 𝐶𝑖(𝜏)𝑑𝜏
𝑡

𝑎
 (1) 

 

where 𝐶𝑖 represents node is charge rate between a and t. 

− Deployment is performed within the human body, hence loss due to human body interference is expected 

during transmissions. The path loss model follows the standard IEEE 802.15.6 BAN standards [24]. The 

path loss levels are given by: 

 

𝑃𝑎𝑡ℎ𝐿𝑜𝑠𝑠𝑖𝑗 =∝∗ 𝑙𝑜𝑔10(𝐷) + 𝛽 ∗ 𝑙𝑜𝑔10(𝑓) + 𝑁𝑑𝑓 (2) 

 

𝑁𝑑𝑓 is the distributed variable with a value of 158 dB, and are linear coefficients with values of -27.6 and 

-46.5 [24], and D is the distance between nodes I and j. 

− The Euclidean distance between two points is defined as 

 

𝐷𝑖𝑗 = √(𝑦𝑖 − 𝑦𝑗)2 + (𝑥𝑖 − 𝑥𝑗)2 (3) 

 

where x and y represent the nodes' I and j coordinates. 

− The first order ratio model [25], given by, is used to determine the amount of energy used for data 

transmission and reception. 

 

𝐸𝑇𝑟𝑎𝑛𝑠 = 𝐸𝑇𝑐ℎ𝑎𝑟𝑔𝑒 ∗ 𝐾 + 𝐸𝐴𝑚𝑝 ∗ 𝑛 ∗ 𝐾 ∗ 𝐷 (4) 

 
𝐸𝑅𝑒𝑐 = 𝐸𝑅𝑐ℎ𝑎𝑟𝑔𝑒 ∗ 𝐾 (5) 

 

where 𝐸Tcharge  and 𝐸Rcharge  are the node's transmission and reception costs respectively, K is the amount 

of bits sent, D is the distance travelled, and n is the route loss experienced. 

 

2.2.  Network initialization 

Network initialization is the first phase to be performed after the deployment of sensor nodes and the 

sink nodes. The first process after deployment is to ensure all nodes are aware of their neighbors and the sink 

nodes. Hence all nodes identify their locations and calculates their distance with other nodes and the 

available sink nodes. A beacon message is sent in the network based on the time division multiple access 

(TDMA) protocol. The beacon contains sender and receiver IDs, the residual energy contained in the node, 

location of the node and the transmitted signal power. On receiving such a message, the receiving nodes 

calculates the path loss levels and identifies the distance between the sender and themselves. This 

information update is performed on all the available nodes. Distance and loss levels of nodes are however 

tentative in nature, as they dynamically vary due to change in postures of the person. Hence prior to every 

transmission, these are calculated. 
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2.3.  Data transmission and state analysis 

Nodes collect and transmit data after initialization. All nodes collect data for sink nodes—the sink 

nodes transport all data to external devices for processing and analysis. The type of gadget deployed 

determines the data acquired. EEG, ECG, insulin levels, temperature, and heart rate. Every device has 

different parts. Hence the network is heterogeneous. Data can be sent in any of the four states. Regular and 

customary traffic or emergency, delay-sensitive, and reliability-sensitive communications. General 

communications are not delay-sensitive, but others are. High-priority traffic is fatally delayed. To 

accommodate this traffic, single and multi-hop broadcasts are used. Regular traffic uses multi-hop 

transmissions, while sensitive traffic uses single hop transmissions, which are time restricted. Single-hop 

transmissions use more power and raise node temperatures more than multi-hop traffic. If it's emergency 

traffic, the packet is sent immediately to the sink node; otherwise, the routing model is invoked. The routing 

model determines the best route. 

 

2.4.  Metaheuristic based energy efficient route identification 

The routing model shows the source-to-sink path. The routing process uses a modified ACO model. 

ACO's discrete search space is a big advantage over particle swarm optimization (PSO) and firefly's 

continuous search space. Discretization is avoided. ACO allows for several extra fitness criteria. ACO is the 

ideal routing approach since the current job requires numerous fitness criteria. The ACO [26], [27] model has 

been updated to accommodate many criteria, turning the routing process into a multi-criteria decision model. 

Sensor data determines a node's status. Regular traffic triggers ACO-based routing. Every package 

needs a route. ACO's speed and minimal computing requirements make it ideal for constructing models. 

ACO transmits via distance and pheromone trail. These two elements determine the ACO model's fitness. 

Distance, the receiving node's temperature, and its charge are utilised in the modified ACO model's decision-

making process. For route creation, low-distance, high-charge nodes are preferred. The modified fitness 

function using multiple criteria for node selection is given by. 

 

𝑝𝑖𝑗(𝑡) =
[𝜏𝑖𝑗(𝑡)]

𝛼
.[𝜂𝑖𝑗]

𝛽
.[𝜀𝑗(𝑡)]𝛾.[𝜗𝑗(𝑡)]𝛿

∑ [𝜏𝑖𝑗(𝑡)]
𝛼

.[𝜂𝑖𝑗]
𝛽

.[𝜀𝑗(𝑡)]𝛾.[𝜗𝑗(𝑡)]𝛿𝑛
𝑗=1

 (6) 

 

Where 𝜏𝑖𝑗 denotes the pheromone intensity between nodes, i and j, 𝜂𝑖𝑗 is the distance between the nodes 𝑖 and 

j, 𝜀𝑗 is the charge of node j, and contained in the exemplar node j and, 𝜗𝑗 is the temperature in node 𝑗. 

As a transmission is triggered, the modified ACO model begins predicting the route by selecting the 

nodes one at a time based on the fitness probability. Existing and unused nodes are considered as probable 

nodes for building the route. After every successful inclusion of a node in the route, the train intensity 

between the two nodes is increased. The increase in trail intensity is given by: 

 

τ𝑖𝑗(t + 1) = ρ. τ𝑖𝑗(t) + ∆τ𝑖𝑗(t, t + 1) (7) 

 

where ρ is the evaporation parameter, t is is the time and ∆𝜏𝑖𝑗 is given by: 

 

𝛥𝜏(𝑖, 𝑗) = {
(𝐿𝑘)−1            𝑖𝑓 (𝑖, 𝑗) 𝑏𝑒𝑙𝑜𝑛𝑔𝑠 𝑡𝑜 𝑡ℎ𝑒 𝑔𝑙𝑜𝑏𝑎𝑙 𝑏𝑒𝑠𝑡 𝑡𝑜𝑢𝑟

0                                                                          𝑂𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 (8) 

 

where 𝐿𝑘  is the total distance covered by the ant from the source to the destination. 

The process is repeated until any one of the sink nodes is reached. After successful transmission, the 

charge in the node reduces, and its temperature tends to increase. However, the energy harvesting mechanism 

embedded in the sensor node ensures periodical replenishment of charge, while the temperature is 

automatically reduced when the node is in its resting period. The entire process is performed for every multi 

hop transmission requirement from a sensor node. 

 

 

3. RESULTS AND DISCUSSION 

Performance of the proposed ACO model has been analyzed by comparing the model with the  

E-HARP model proposed by Ullah et al. [9], EH-RCP model proposed by Ullah et al. [12] and CEPRAN, a 

metaheuristic-based routing model proposed by Geetha and Ganesan [16]. The experimentation model used 

in the E-HARP model is adopted in the proposed MEER architecture to enable performance comparisons. 

The deployment locations of the nodes form the search space for the modified ACO model. The search-space 

for the modified ACO has been constructed by using the co-ordinates proposed in E-HARP model. The 

location points are presented in Table 2. After deployment, the nodes are considered to collect information 
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and perform transmissions at defined epochs. Every transmission is considered as a single round of data 

transmission, and transmissions were performed for every second. The analysis begins from the first round 

and is performed for 18,000 rounds, as this was the identified point when all the nodes have lost their charge. 
 

 

Table 2. Deployment locations of sensor nodes 
Node number X-axis Y-axis 

1. 0.32 1.77 
2. 0.35 1.37 

3. 0.22 1.35 

4. 0.36 1.01 
5. 0.35 0.01 

6. 0.08 1.45 

7. 0.06 0.98 
8. 0.37 1.27 

9. 0.4 1.01 

10 0.22 0.91 

11. 0.45 0.45 

12. 0.15 0.5 

13. 0.15 0.45 
14. 0.25 0.17 

15. 0.3 1.03 

16. 0.09 1.05 

 

 

A comparative analysis of the network lifetime is shown in Figure 2. Network lifetime refers to the 

total working time of the network. It is measured beginning from the node deployment stage until the point 

where all the nodes are entirely depleted of their charge. Network lifetime is considered to be one of the 

major parameters of measurements in WBAN, as node replacements as impossible when considering nodes 

that are deployed inside human body. It could be observed that the E-HARP and EH-RCP models have 

reached their end of lifetimes at 16,000th round, while the proposed MEER model exhibits enhanced lifetime 

extending to 18,000th round. This depicts that the MEER model exhibits a better routing strategy that 

effectively extends the network lifetime better than the other models. 
 

 

 
 

Figure 2. Network life time analysis of MEER 
 

 

An analysis of the network lifetime is shown in Table 3. Total number of nodes that are alive are 

recorded in intervals of 2,000 rounds. It could be observed from the measurements that at the 16,000th round, 

the network lifetime of E-HARP and EH-RCP has ended, while the proposed MEER model still has two 

nodes left in the network. At the 18,000th round, all the available nodes were depleted of charge. Since all the 

three models use energy harvesting mechanisms, performance improvement is totally attributed to the 

modified ACO based routing mechanism. 

A comparative analysis of the dead nodes in the networks is shown in Figure 3. The comparisons have 

been performed with CEPRAN, a cuckoo search-based routing model. It could be observed that the level of dead 

nodes in MEER and CEPRAN begin at the same iteration, and remain same until 6,000th iteration. However, after 

this point, the CEPRAN model exhibits higher node depletions leading to more dead nodes, while the proposed 

MEER model exhibits slower node depletions, resulting in longer network lifetime. Further, the CEPRAN model 

does not incorporate energy harvesting mechansims. Hence, apart from the effective routing process, the 

extended network lifetime is also attributed to the energy harvesting mechanism adopted in MEER.  
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Table 3. Network life time  
2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000 

MEER 0 0 1 1 2 3 7 12 14 
E-HARP 0 0 0 1 3 5 10 14 14 

EH-RCP 0 0 1 3 4 5 10 14 14 

 

 

 
 

Figure 3. Dead nodes Vs. rounds 

 

 

The stability period of a network refers to the time that has transitioned between the deployment of 

the nodes and the death of the first node in the network. It can also be defined as the period until all the nodes 

in the network are alive. This is another performance criteria that indicates how stable a network can be, as 

death of the first node is indicative that the network is starting to deteriorate. Networks with better stability 

are considered to exhibit longer live and transmission periods. A comparative view of the stability levels is 

shown in Figure 4. It could be observed that the network supported by MEER, EH-RCP and E-HARP are 

stable till 4,000th round, which indicates that the network has performed 4,000 successful transmissions. 

However, in the 6,000th transmission, MEER and EH-RCP indicates loss of one node in the network.  

E-HARP exhibits its initial loss in the 8,000th transmission. However, it could be observed that EH-RCP and 

E-HARP models exhibit steep deterioration curves, indicating that once a node fails, the network begins to 

lose its stability in a rapid manner. However, the proposed MEER model exhibits slower deterioration levels, 

depicting better stability even after node failures.  

 

 

 
 

Figure 4. Aggregated metric comparison 

 

 

Stability analysis of the MEER model and the other compared models have been tabulated and 

shown in Table 4. It could be observed that, although the deterioration levels begin at round 6,000 for the 

MEER model, node depletion levels remain consistent, rather than being rapid, ensuring better stability. 

Transmission time defines the time interval that has elapsed for every 2,000th round. Low time requirements 

are indicative of better routing models. It could be observed from Figure 5 that the first 2,000 rounds exhibit 

high time requirements. However, as the initial transmissions incur node identification transmissions. Hence 

this increase in time requirements can be justified. It could be observed that further transmissions exhibit 

reduced time requirements, and stability in time requirements has been achieved at round 6,000, after which 

fluctuations in the time requirements are observed to be minimal.  

0

10

0 2000 4000 6000 8000 10000

N
o

d
e 

C
o

u
n

t

No of Rounds

Dead Nodes Vs. Rounds

MEER CEPRAN

0

20

0 2000 4000 6000 8000 10000 12000 14000 16000 18000

N
o

d
e 

C
o

u
n

t

Rounds

Stability Period

MEER E-HARP EH-RCP



                ISSN: 2302-9285 

Bulletin of Electr Eng & Inf, Vol. 12, No. 2, April 2023: 1171-1179 

1178 

Table 4. Stability analysis 

 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000 

MEER 14 14 13 13 12 11 7 2 0 
E-HARP 14 14 14 13 11 9 4 0 0 

EH-RCP 14 14 13 11 10 9 4 0 0 

 

 

 
 

Figure 5. Transmission time requirements 

 

 

4. CONCLUSION 

Improving the energy efficiency of WBAN during the routing process has become paramount 

importance, due to the limited battery capabilities of the sensors in WBAN systems. Effective routing can not 

only improve the communication speed, but also provide better energy usage of sensors. This work presents a 

MEER, that presents a modified ACO based routing model. The fitness function of ACO has been modified 

to include multiple criteria such as node energy and temperature. The nodes are considered to adopt an 

intrinsic energy harvesting mechanism, which enables nodes to gain charge after periodical time intervals. 

These routing mechanisms have been observed to exhibit high efficiency in the routing process and have also 

enabled energy efficiency. Comparisons with E-HARP and EH-RCP, energy harvesting based models show 

that the routing model operates effectively by providing effective load balancing and highly effective routes. 

Comparison with CEPRAN, a metaheuristic-based routing model indicates that the energy harvesting 

mechanism of the MEER model is highly effective, enabling higher network lifetime levels. 

The major advantage of this model is the improved network lifetime compared to the other existing 

models. However, initial node failures were observed to occur at earlier time periods. Future enhancements 

of this model include mechanisms that can handle this issue. Further, future works can also include 

components that can identify old, stale or redundant data to ensure faster delivery of new packets and also 

provides better energy efficiency. 
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