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Abstract: Artificial Intelligence (AI) driven adaptive techniques are viable to optimize the resources 
in the Internet of Things (IoT) enabled wearable healthcare devices. Due to the miniature size and 
ability of wireless data transfer, Body Sensor Networks (BSNs) have become the center of attention in 
current medical media technologies. For a long-term and reliable healthcare system, high energy 
efficiency, transmission reliability, and longer battery lifetime of wearable sensors devices are required. 
There is a dire need for empowering sensor-based wearable techniques in BSNs from every aspect i.e., 
data collection, healthcare monitoring, and diagnosis. The consideration of protocol layers, data 
routing, and energy optimization strategies improves the efficiency of healthcare delivery. Hence, this 
work presents some key contributions. Firstly, it proposes a novel avant-garde framework to 
simultaneously optimize the energy efficiency, battery lifetime, and reliability for smart and connected 
healthcare. Secondly, in this study, an Adaptive Transmission Data Rate (ATDR) mechanism is 
proposed, which works on the average constant energy consumption by varying the active time of the 
sensor node to optimize the energy over the dynamic wireless channel. Moreover, a Self-Adaptive 
Routing Algorithm (SARA) is developed to adopt a dynamic source routing mechanism with an 
energy-efficient and shortest possible path, unlike the conventional routing methods. Lastly, real-time 
datasets are adopted for intensive experimental setup for revealing pervasive and cost-effective 
healthcare through wearable devices. It is observed and analysed that proposed algorithms outperform 
in terms of high energy efficiency, better reliability, and longer battery lifetime of portable devices. 



3954 

Mathematical Biosciences and Engineering  Volume 19, Issue 4, 3953-3971. 

Keywords: AI; IoT; Sustainable; reliable; routing; data rate; smart and connected; healthcare 

 

Abbreviations: BSNs: Body Sensor Networks; IoT: Internet of Things; AI: Artificial Intelligence; 
SARA: Self-Adaptive Routing Algorithm; ATDR: Adaptive Transmission Data Rate; IoMT: Internet 
of Medical Things; QoS: Quality of Service; TPC: Transmission Power Control; V2V: Vehicle-to-
Vehicle; WSN: Wireless Sensor Network; PLR: Packet Loss Ratio; TP: Transmission Power; RSSI: 
Received Signal Strength Indicator; NIB: Network In Box; QoE: Quality of Experience; AEOA: 
Adaptive Energy Optimization Algorithm; NSGA: Nondominated Sorting Genetic Algorithm; CPS: 
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1. Introduction  

AI-based intelligent IoT devices have decision making power and this unique feature has entirely 
changed the landscape of the healthcare system. Modern research brings a revolution in wireless 
communication and sensor devices by developing miniature-sized wearable and implanted sensors. 
This took the research towards the development of network architecture, addressed as Body Sensor 
Network (BSN). Sensor networks are the most promising technology for pervasive health care systems 
in near future due to their high efficiency and great potential in health. The main role of BSNs in 
pervasive healthcare is to provide non-invasive, cost-effective, and anytime health care facilities over 
long-distance remote areas. The BSNs also facilitate the old age peoples at home and continuously 
monitor their health condition. 

In the recent research trends, the BSNs are inspired by the patients, soldiers, astronauts’ 
preferences to carry tiny size portable devices as wearable with the bodies to get vital sign signals for 
monitoring the health conditions, location, and body nutrients. The major weakness to implementing 
sensor nodes is the consumption of much higher energy with limited battery life. Energy is the most 
serious problem among all ranges of portable wearable devices. For a longer and continuous data 
collection & transmission process, the energy will not be sufficient and helpful for the physicians to 
monitor the patients 24/7 due to a shorter battery lifetime. Henceforth, obtaining the longer battery life 
with acceptable reliability and high energy efficiency in connected and pervasive healthcare are the 
key threats to be tackled smartly. Moreover, due to emerging trends in wearable devices, it is critical 
to managing with their battery lifetime, energy efficiency, and charge drain for achieving pervasive 
and connected healthcare. According to the study, the transmitter node consumes more than 50% of 
the power, so, most of the battery charge is consumed during data transmission as compared to the 
sensing, processing, and receiver nodes. Optimizing the battery lifetime on Internet of Medical Things 
(IoMT) devices is vital for emergency patients at remote locations [1]. 

Figure 1 shows the proposed smart and connected health architecture allowing physicians to 
access the patient remotely. On-body sensing nodes transfer data wirelessly to the data centers from 
which doctors may monitor the patient health status and analyze the condition with the prior recorded 
data. It creates an evident and prominent path for the specialists and physicians that they can access 
and diagnose the critical condition patients by removing the prior hurdles. The battery lifetime of nodes, 
transmission energy consumption, and changes in the body motion and postures in a highly dynamic 
environment create a huge challenge in the BSNs. Moreover, the latest battery technology does not 
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assure longtime battery-driven BSN nodes. In the near future due to the slow-going progress in the 
improvement of batteries and replacement of batteries is not a simple and sufficient task in most cases 
like implanted sensor nodes.  
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Figure 1. The architecture of BSN applications in medical health and other sectors. 

The main aim of this research is to develop green and battery-friendly data transmission technical 
solutions to minimize energy consumption and prolong the battery lifetime of BSNs.  
The four novel key contributions are made; 
 First, this paper proposes a novel avant-garde framework to simultaneously optimize the energy 

efficiency, battery lifetime, and reliability for smart and connected healthcare. 
 Second, an Adaptive Transmission Data Rate (ATDR) mechanism is proposed, which works on the 

average constant energy consumption by varying the active-time of sensor nodes to optimize the 
energy over dynamic wireless channels.  

 Third, a Self-Adaptive Routing Algorithm (SARA) is developed, basic idea behind this approach 
is to adopt a dynamic source routing mechanism with an energy-efficient and shortest possible path, 
unlike the conventional routing methods.  

 Forth, Real-time data sets are used for the setup of extensive theoretical and experimental testbeds 
using Monte Carlo simulation in MATLAB. 

The remaining of the paper is organized as Section 2 extensively sheds light on the related 
research. The novel adaptive, intelligent, and reliable approaches are proposed in Section 3. Section 4, 
develops the experimental test-bed with detailed results and presents detailed evaluation and analysis. 
Finally, the paper is concluded in Section 5. 
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2. Existing works 

This section describes the existing work having different techniques for Transmission Power 
Control (TPC) and energy efficiency in BSNs. A lot of researchers have already worked on TPC and 
routing techniques to fulfill the requirements of BSNs in terms of Quality of Service (QoS), reliability, 
and battery lifetime. The required QoS may be achieved in a variety of BSN applications by adopting 
a hybrid design approach to increase the system’s performance. The use of a hybrid architecture can 
improve network efficiency while also lowering energy usage and increasing throughput. 

Authors in [2] proposed a cross-layer routing method to enhance QoS in terms of energy 
consumption, packet delivery, throughput, and network lifetime. This study firstly suggested an 
optimal routing policy at the network layer for energy-efficient and reliable link; secondly, to enhance 
the QoS adjusts the contention widow size at the data link layer. But it takes into count the number of 
nodes in-network and their distances. Researchers in [3] proposed a cross-layer design-based solution 
that optimizes energy efficiency, transmission reliability, and lifetime of BSNs from several layers 
simultaneously. This method chooses the relay node to ensure the balance of network energy 
consumption, and all nodes transmit with the same packet size and transmission power. A synthesized 
hybrid method to handle the unbalanced energy consumption due to the different locations of the nodes 
has been proposed. Moreover, to enhance the residual energy of nodes considering the different links 
in the network suitable packet size is determined. But this approach only works well with already 
defined relay nodes, can’t choose the relay node on run time, and also no policy for packet loss. In [4] 
researchers designed a mathematical model and jointly optimized network considering relay nodes 
location and cross-layer. 

Authors in [5] developed an algorithm for video transmission in vehicular networks for 
empowering future IoT driven intelligent transportation system. This algorithm optimizes QoS by 
novel green, sustainable, reliable, and available framework to improve the performance of vehicle-to-
vehicle (V2V) networks during multimedia transmission. Application of pervasive healthcare has been 
considered to validate the performance of the proposed algorithm and used real-time healthcare data 
sets to compare the performance of conventional and proposed methods. Authors in [6,7] propose three 
different techniques for the edge computing-based industrial applications that work in three different 
ways; a first central dynamic approach which efficiently processes the sensing and transmission 
process in IoT based portable devices; second novel battery model which evaluates the energy 
dissipation in IoT devices; third data reliability model for AI-based IoT devices. Hongan Li et al. [8] 
proposed a neural network-based image reconstruction method for data-efficient and secure 
transmission in an IoT environment. Data secure transmission has been considered in this research and 
the transmission energy problem remained unsolved. These schemes save more energy, give less 
packet loss ratio (PLR) and also fulfil the main requirements of the system. [9,10] provided a technique 
for reducing the overall energy consumption of the wireless sensor network (WSN) using MAC, 
Network, and Physical layer-based cross-layer optimization strategy. The impact of varying 
modulation levels and transmission time on energy usage was examined for WSN due to known 
distance value between nodes, size of data packets and routing approaches.  

Authors in [11,12] developed a unique algorithm for effectively managing energy in BSNs for 
various body positions, and the entire system was tested on hardware. Researchers in [13,14] proposed 
four distinct critical methods for energy optimization in medical care. These approaches contribute in 
many ways, such as identifying energy drain, TP level selection, duty-cycle optimization through 
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feedback control mechanism. In addition, energy harvesting strategies for energy optimization can be 
a better option [15,16]. Their energy and battery-aware techniques are suitable for body sensors. 
Researchers in [17,18] developed an energy-efficient routing approach with dynamic features to 
address the existing problems like link reliability, throughput, nodes energy, and energy-efficient 
routing path selection. But only the source node can decide the routing path by seeing the table of 
metrics. To increase reliability and to decrease the cost and energy consumption, wearable devices 
based human motion monitoring system has been designed in [19]. The module is designed with nine-
axis wireless motion considering the walking body posture but the trade-off between reliability and 
power usage still needs to be improved. The sensor node adaptively adjusts the TP level in this method 
based on the channel state. It gets Received Signal Strength Indicator (RSSI) input from the base 
station (BS) and adjusts the TP level for the next transmission to adapt the channel variations for 
maximum energy savings [20].  

Ali Hassan Sodhro et al. [21] propose an AI-based novel framework for the 6G enabled industrial 
network in box (NIB) system that optimizes energy efficiency, quality of experience (QoE), and 
Quality of Service (QoS) while taking duty cycle and transmission power into consideration. Authors 
in [22,23] present machine learning-based methods for the classification and recognition of different 
body postures (i.e., walking, hand gesture). Blockchain-enabled cost-efficient service selection and 
execution method used for the distributed networks to minimize the service cost and security risk by 
neglecting the cost of energy [24]. Authors in [25] presented reliable data transmission methods based 
on the matrix decomposition and ensemble recovery mechanisms for the WSNs. The proposed 
methods have a significant impact on data reliability and recovery, however, the impact of data 
decomposition and transmission on energy has not been examined. Abdullah Lakhan et al. [26] devised 
an algorithm based on different schemes to minimize the energy consumption of resource-constrained 
health care devices. However, this study only focused on energy consumption and widely ignored 
reliability/data transmission. While authors in [27] propose a novel scheme to deal with the latency 
and to fairly allocate the workload in mobile sensors cloud networks. Laizhong Cui et al. [28] proposed 
a novel coding scheme by integrating the coding schemes and genetic operations with a nondominated 
sorting genetic algorithm (NSGA-II) to optimize energy efficiency and latency for various IoT 
applications while considering user demands. The integration of the Physical and MAC layers allowed 
this system to fine-tune the duty cycle, modulation level, and transmission power. This method, 
however, is not suitable for tiny sensing devices due to their small battery size and energy-intensive 
transmission. Celestine Iwendi et al. [29] proposed a machine learning support system combined 
Random Forest (RF) and a genetic algorithm for developing a novel intrusion detection approach that 
optimizes detection rate, accuracy, and false alarm rate. This research paper illustrates how to 
overcome the security issues in smart healthcare. The authors, on the other hand, did not take into 
account energy depletion or examine the impact of the proposed approaches on energy consumption.  

To manage the transmission power of sensing nodes, the authors of [30] devised a Machine 
Learning driven regression algorithm. Since channel temporal fluctuations have a direct impact on 
reliability and transmission power, this approach outperforms in predicting channel dynamics. The 
issue is that it compromises data reliability, which is critical in healthcare. The authors of [31] offer a 
joint framework for IoT-driven cyber physical systems (CPS) and include a fuzzy-based intelligent 
decision-making approach that considers convergence and interoperability. In addition, designed a 
hardware platform with an analogue front end (AFE) chip model to gather electrocardiogram (ECG) 
data from patients. This article's main focus is on reliability, convergence, and interoperability, while 



3958 

Mathematical Biosciences and Engineering  Volume 19, Issue 4, 3953-3971. 

energy losses have been ignored. Ahmed Alkhayyat et al. [32] provide an energy-efficient approach 
for transmitting images over the WSN that takes into account the image quality and intensity but 
ignores network delay. An energy-efficient transmission solution for wearable sensing devices has 
been proposed [33], but QoS and reliability are ignored which is crucial in healthcare applications. 
Authors in [34] analyze the performance and determine the total power required for end-to-end 
communication in WSNs considering the various transmission modes. Ali Hassan Sodhro et al. [35] 
provide energy-efficient transmission power control techniques to optimize energy depletion while 
simultaneously increasing battery lifetime and throughput. Research article [36] discusses the 
significance of sensing devices in remote healthcare applications such as remote diagnostics, 
telemedicine, and chronic heart disease monitoring. Authors in [37] present a thorough review of 
power management strategies used in healthcare applications. Moreover, article [38] analyses and 
compares the data rate control and transmission power control methods to illustrate how they affect 
energy efficiency. 

The examined review reveals that most of the researchers explored various techniques and 
algorithms for healthcare, but very few have focused on the data rate aware intelligent energy 
optimization techniques. The proposed algorithms in this research article simultaneously focus on the 
data transmission rate and energy optimization.  

3. Proposed reliable and system-oriented methods for pervasive healthcare 

Two distinct algorithms for energy-efficient, battery-aware, and ubiquitous healthcare are 
presented in this section. To avoid any risk, these algorithms enable ubiquitous and reliable 
communication and continually check the node’s remaining energy. 

3.1. Proposed Adaptive Transmission Data Rate mechanism 

In BSNs, we can take advantage of channel dynamics due to its large temporal variations. This 
algorithm keeps track of the overall energy drain until the completion of the task. The main concept 
behind the proposed ATDR is that it works on the average constant energy consumption by varying 
the active-time of a sensor node to optimize the energy over a dynamic wireless channel, while for 
channel estimation and calculation of dynamics, an AI-driven regression method is used, which 
intelligently predicts the channel dynamics for the next time slot (for more details please see [30]). 
Besides, the proposed ATDR works very well if the channel is changing with large temporal variations. 
It optimizes the active time of the node when the transmission power of the sensor node goes towards 
the peak and requests the transport layer to adjust the packet size based on active time. While remaining 
data bits will be stored in the buffer for the next transmission with a large time slot. Figure 2 shows 
how different layers interact and shares information to carry out ATDR. 
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Figure 2. Flowchart of proposed Adaptive Transmission Data Rate. 
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Here, we have found the average energy consumption from the extensive data sets to accomplish 
the data streams with minimum bit loss and to avoid the buffer overflow. TP level and active time are 
inversely related. An increase in the former decreases the latter which leads to constant average energy 
drain as shown in Eqs (1) and (3).  
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ாೌೡ೒_೎೚೙ೞ೟ିሺ௉ೞ೗೛.்ೞ೗೛ା௉೟ೝೌ೙. ೟்ೝೌ೙ሻ

ሺ௉௘ା௉௔ሻ
ൌ 𝑇௔௖௧         (1) 

While, 

𝐸௔௩௚_௖௢௡௦௧ ൌ  ሺ𝑃𝑒 ൅ 𝑃𝑎ሻ𝑇௔௖௧ ൅ ሺ𝑃௦௟௣. 𝑇௦௟௣ ൅ 𝑃௧௥௔௡. 𝑇௧௥௔௡ሻ     (2) 

𝑇௔௖௧ ൒ ୫୧୬ ሺ௡௨௠௕௘௥ ௢௙ ௕௜௧௦ሻ

ோೞ.ோ೎.௕
        (3) 

3.2. Proposed Self Adaptive Routing Algorithm (SARA) 

In this algorithm Network, Transport, MAC and Physical layers share the information to optimize 
the transmission energy and to attain the better QoS with minimum data loss. Node senses the channel 
condition through the TP and RSSI levels, if TP is greater than the -15 dBm and RSSI is less than the 
target value, then data will be transmitted through the path followed by relay nodes. Proposed SARA 
works without routing table and updated routing information. The basic idea behind the proposed 
SARA is to adopt a dynamic source routing (DSR) strategy with an energy-efficient and shortest 
possible path, unlike the conventional routing methods. Proposed SARA explores the path from source 
to destination by broadcasting the initial packet containing the information about source and 
destination. For the suitable and energy-efficient routing path selection following parameters have 
been considered for four entities i.e., residual energy of relay node, acceptable RSSI, minimum 
transmission power, and shortest path from source to sink node. 

 

Figure 3. The experimental architecture of the body. 
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The alluring speciality of SARA is that it operates without any external intervention and doesn’t 
demand any prior connectivity with the previous networks, because its self-adaptive and dynamic 
features make it is easy to integrate. It is a reactive and sympathetic algorithm and from all aspects, 
this algorithm runs on-demand basis with the concept of DSR. In source routing sender sends a packet 
and determines the routing path by the complete sequence of the intermediate nodes through which the 
packet is forwarded. The distribution of sensor nodes with a proper network is depicted in Figure 3. 

 

Figure 4. Flowchart of proposed Self-Adaptive Routing Algorithm. 
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When any source node takes the decision of routing through SARA, it relays on two Route 
Request (RREQ) and Route Reply (RREP) packets. First of all, to find out any routing path of the 
destination, the transmitter source node checks its route cache and if it hasn’t found any information 
then broadcasts the packet of RREQ. The RREQ packet will be received by all the neighbour nodes who 
are in the wireless range of the transmitter sensor node and this flow carry on in order to dynamically 
discover a new route. The RREQ packet contains; First, a unique ID to avoid duplicate reception, as if 
any node receives multiple copies of the same packet then this node will discard them. Second, a list 
of nodes that contains the intermediate nodes information. Third, Source node information, and the 
fourth one is the information about the destination. The main advantage of our proposed SARA is that 
if the second last and last node, both are approaching the BS then the BS will choose the node from 
which it has received first on the basis of RSSI. Thus, according to this method, the selection of routing 
will be contained on the shortest path with minimum nodes. SARA is also helpful in energy saving as 
it chooses the suitable and shortest path and does not select some intermediate node if the next node is 
receiving the acceptable RSSI from the previous node.  

Proposed Self-Adaptive Routing Algorithm 

Input: TP, Packet loss (Pl), Packet loss threshold (Pl-thr), Residual Energy (RE), TP Supper (TPsup) 
Output: Energy-efficient Route  
If  Pl <= Pl-thr && TP >= TPth 

Generate RREQ 
TP = TPmin 

 Relay Node 
If  RE & RSSI = Target 

Add location & Broadcast 
elseif 

it is destination  
RREP 

else 
No action 

end 
 Source Node 

If  Receives back RREQ 
Discard 

else  
TP = TPmin + 1 

If  TP <= TPsup 
Continue  
Direct transmission 

else  
Re-Broadcast RREQ 

end 
end 
end 
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Figure 4 shows that the source node broadcasts the first packet with minimum TP and then waits 
for the reply of the same packet with relay/intermediate node ID, if it does not receive then re-broadcast 
the RREQ packet with one step higher TP and perform this task continuously by the adjustment of TP 
until the reception of RREQ from another node. First of all, the intermediate node checks RSSI and its 
residual energy if both are acceptable then it broadcasts the RREQ packet with its ID otherwise doesn’t 
take any action. If an intermediate node has enough residual energy with acceptable RSSI then it 
inspects whether it is the destination node or not, if yes then it will transmit its location via RREP 
otherwise nodes endure the process of RREQ broadcasting with the insertion of ID.  

Before the rebroadcasting of the RREQ packet, each node maintains a route cache and also confirms 
the routing information from the cache. The crucial advantage of maintaining a route cache is that it 
reduces route discovery generated overhead and also if any intermediate node has the routing path of 
the destination in its cache then it will generate an RREP packet towards the source node instead of 
RREQ. The destination node or BS generates the RREP packet which has the route information to the BS 
and sends it to the transmitter sensor node. The transmitter sensor node saves the routing path 
information in its cache. The route obtained by the SARA is considered the shortest routing path as if 
the two nodes having different distances are in the range of the transmitter sensor node then both will 
be received the RREQ packet. So, when the RREQ will be rebroadcast by the node having a small distance 
then the node at a large distance will cancel it as it has already the RREQ packet with the same ID. And 
if any node breaks the route, it notifies the source node about this and the source node will remove the 
routing information from its cache. 

4. Testbed setup, analysis, and discussion 

This section intensively establishes the experimental setup with specific performance metrics for 
instance, packet loss ratio (PLR), the energy consumption of routing path, transmitter node energy 
consumption, and standard deviation (std. dev). Second, presents a detailed discussion on the results 
acquired by MATLAB and a comparison with the conventional methods. 

4.1. Real-time data sets 

This research has been carried out by considering body posture i.e., walking, and two scenarios 
such as ‘Right Wrist to Chest’ and ‘Right Ankle to Chest’, and information-rich datasets [39]. It is 
supposed that the walking speed of the old-aged patients 2.5 km/h, is the reasonable entity to analyze 
the reliability in terms of RSSI at the base station.  

4.2. Energy consumption for completing one task 

To calculate the total energy consumption on routing path for the completion of one task the 
following equation is used in which 𝐸௧௢௧௔௟_௧௔௦௞ is the total energy consumed to complete one task; 

𝐸௧௢௧௔௟೟ೌೞೖ
ൌ ∑ 𝐸௝

௣
௝ୀଵ ,   𝑗 ൌ 1,2,3, … , 𝑝 (𝑝 number of packets)    (4) 
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4.3. Parameters selection and optimization 

First, the channel is classified and examined in bad and good on the basis of packet loss ratio 
(PLR) and energy drain by theoretical approaches then carefully choosing the different tunable 
parameters to carry out this research. Adjustment of data rate and active time depend on the energy-
constrained Eqs (1) and (2). This empowers a proposed ATDR to adaptively adjust according to the 
dynamic features of the wireless channel to mitigate packet loss and energy consumption. Moreover, 
to enhance the alive time of the node, and to avoid further losses, the transmitter sensor node 
continuously inspects PLR seeing the TP level and RSSI respectively, and takes the decision about 
routing. The beauty of the proposed SARA is that it can find the routing path without any previous data.  

4.4. Performance evaluation and discussion 

The performance of the entire testbed is evaluated and theoretically analyzed for proposed 
algorithms and Baseline adaptive power control (APC) through Monte Carlo simulations in MATLAB. 
The channel is categorized in good and poor states as a result of walking body posture. High 
interworking of layers, battery power management, interoperable, and TP traits improves the 
performance of the BSN. A hybrid approach is important for dynamic channel-based BSNs operating 
in a diverse environment. 

 

(a)                                (b) 

Figure 5. Constant energy consumption during transmission with proposed adaptive 
transmission data rate mechanism (ATDR): (a) “Right Ankle to Chest Scenario”, (b) “Right 
Wrist to Chest Scenario”. 

The proposed hybrid approach gives a strong relationship between data rate (Kbps), channel 
dynamics, and energy dissipation (mJ) in comparison to conventional methods. The above-mentioned 
graphs illustrate the experimental results of the proposed adaptive transmission data rate mechanism 
(ATDR) and conventional APC method. Figure 5(a),(b) presents that with the varying channel, the 
proposed ATDR mechanism adaptively adjusts transmission data rate and carried out channel 
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dynamics for its advantage. As it transmits more data whenever finds the better channel and lesser in 
bad channel conditions by looking at the RSSI and tries to overcome the energy consumption at the 
transmitter. During this transport layer controls data rate while MAC and PHY layers control active 
time and TP/modulation level accordingly. The results indicate that the node’s overall energy 
consumption remains constant while the active time and data rate are varied. As a result, the proposed 
approach is suitable in situations where the channel’s temporal variations are high. 

 

(a)          (b) 

Figure 6. Transmitted data at proposed adaptive transmission data rate mechanism 
(ATDR): Number of bits per packet; (a) Right Ankle to Chest Scenario, (b) Right Wrist to 
Chest Scenario. 

 

(a)                  (b) 

Figure 7. (a) Total transmitted data; (b) PLR; with the proposed adaptive transmission data 
rate mechanism (ATDR). 
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Figure 6 draws a connection between the transmitted data bits and varying channel over time. It 
can be seen clearly that at the best channel it transmits more data with less TP, while at the bad channel 
it transmits fewer data and saves energy by the adjustment of duty-cycle and TP. Furthermore, as 
compared to conventional approaches, the proposed scheme enables the sensing node to transmit 
more data. 

Figure 7 illustrates that the proposed method delivered more data bits with less PLR and reduced 
energy usage. It is interpreted that energy can be saved by taking advantage of channel fluctuations. 
Moreover, fewer data bits have been lost by the proposed method because it carefully chose the data 
rate and carried out data transmission considering the good and bad channels. 

 

Figure 8. Data transmission with proposed self-adaptive routing algorithm (SARA): (a, 
b) TP levels and RSSI of “Right Ankle to Chest”; (c, d) TP level and RSSI of “Right 
Wrist to Chest”. 

Experimental results are showing that the proposed ATDR saves more energy with more data bits 
transmission and gives less PLR than the APC algorithm. Figure 8 illustrates the TP and RSSI levels 
of transmitter sensor node for APC and proposed SARA, while continuous fluctuations in TP and RSSI 
reveal that channel promptly varies between good and bad channel. Figure 8(a),(c) depicts the adaptive 
adjustment of TP level in response to channel variations, indicating that the transmitter sensor node 

(c)              (d)

(a)                    (b)
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makes a routing decision after a few transmissions due to continuous packet loss, despite the fact that 
TP is also high. It can be seen clearly that the proposed SARA takes self-decision about routing and 
determines the optimum routing path to control the PLR and reduce energy consumption at the 
transmitter side. For experimental setup, two experimental scenarios have been considered, ‘Right 
Wrist to Chest’, and ‘Right Ankle to Chest’ for walking body postures with real-time data sets. Figure 
8(b),(d) depicts RSSI values associated with specific TP levels, which demonstrates that BS receives 
the best RSSI after the routing. It can be examined that after the continuous monitoring of RSSI/PLR 
and TP, the proposed SARA finds out the best routing path and carry out the next transmissions at the 
newly selected path with minimum TP. 

Figure 9 presents the energy consumption per packet at the transmitter in both scenarios of the 
body and gives a clear comparison between the proposed SARA and conventional APC. Figure 9 
illustrates the transmission energy consumption by the proposed SARA after the selection of the best 
routing path and reveals that the proposed method consumes less power at the transmitter than the 
APC. Furthermore, the proposed SARA gives less PLR as compared to the PLR of the APC. The 
experimental results show that the proposed routing scheme outperforms as it adaptively finds the 
routing path and saves more energy for the transmitter sensor node with a minimum packet loss ratio. 
The limitation of the routing algorithm is that the total energy consumption of the path is increased. 

 

Figure 9. Energy consumption with proposed self-adaptive routing algorithm (SARA): 
energy consumption per packet; (a) Right Ankle to Chest, (b) Right Wrist to Chest. 

5. Conclusions and future research 

This research has been focused on the green and battery-friendly communication solutions in 
BSNs, by taking into account the tradeoff between the energy-saving, channel reliability, and battery 
lifetime extension during the transmission of vital sign signals as an incredible option for creating 
autonomous, self-sufficient, and cost-effective medical healthcare platform for patients. Thus, in this 
context, green, reliable, and battery-friendly communication solutions are proposed by our research 
which can build reliable and sustainable BSNs. The alluring functionality of our proposed system is 
that it can take self-decision about routing or can shift on the hop topology and find the best energy-

(a)                              (b)
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efficient, low routing cost, and shortest path. As a result of the research in this area, the two innovative 
approaches are developed, i) Proposed Adaptive Transmission Data Rate (ATDR) algorithm, which 
consumes the same energy in every transmission by the adjustment of the active time and packet size 
and exploits the dynamic nature of the channel. ii) Proposed Self Adaptive Routing Algorithm (SARA), 
which takes the self-decision for routing to overcome the energy transmission consumption and to 
enhance the reliability. Theoretical analysis and the experimental results of Monte Carlo simulation in 
MATLAB show that the proposed algorithms perform better in terms of energy efficiency, reliability 
and enhance the lifetime of BSN. In near future, we shall focus on the intelligent AI-based techniques 
for IoT-5G pervasive healthcare applications. 

Highlights of the manuscripts 

 A novel avant-garde framework to simultaneously optimize the energy efficiency, battery 
lifetime, and reliability for smart and connected healthcare.  

 Adaptive Transmission Data Rate (ATDR) algorithm is proposed, which consumes the same 
energy in every transmission by the adjustment of the active time and packet size and exploits 
the dynamic nature of the channel.  

 Self-Adaptive Routing Algorithm (SARA) is proposed. 
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