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Abstract

Wireless body area sensor networks (WBASN) is an effective solution that has proposed in terms of improving the solutions and their
varied benefits that have been achieved from the usage of WBASN solutions in communication, healthcare domain. From the review of
stats on rising number of wireless devices and solutions that are coming up which is embraced by the people as wearable devices, im-
plants for medical diagnostic solutions, etc. reflect the growing demand for effective models. However, the challenge is about the effec-
tive performance of such solutions with optimal efficiency. Due to certain intrinsic factors like numerous standards that are available, and
due to the necessity for identifying the best solutions that are based on application requirements. Some of the key issues that have to be
considered in the process of WBASN are about the impacts that are taking place from the wireless medium, the lifetime of batteries in
the WBASN devices and the other significant condition like the coexistence of the systems among varied other wireless networks that are
constituted in the proximity. In this study, scores of models that have propose pertaining to MAC protocols for WBASN solutions have
reviewed to understand the efficacy of the existing systems, and a scope for process improvement has explored for conducting in detail
research and developing a solution.
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hearing aids. In the other dimension, there is growing demand for

i usage of wearable devices in the sports and training for evaluating
1. Introduction distinct metrics. For instance, usage of WBASN for evaluating the
sweat rate or heartbeat rates during varied conditions of training is
gaining momentum. [5] Using of WBSN has provided scope for
targeting on accurate information essential for managing the
treatment even from home for certain critical diseases like heart
attacks, Parkinson, sleep apnea etc [3].
During the post-recovery during the rehabilitation process, there is
need for continuous monitoring. All type of body signals and
health conditions of the patient are to collect monitored. WBASN
provides valuable information like audio feedback, real-time im-
ages, and important information that are essential to be gathered.
WBASN can be collecting the data from the individual patients
and can monitor the remote patients too.
Such obstacles are widespread adoption of BASN. Authors of a
study [6] were of viewpoint that both the manufacturers and the
users require orientation adoption of the widespread BASN. Criti-
cal requirements comprise safety for humans from the implanted
and wearable sensor nodes. The authors of [6] as depicted in Fig-
ure 1 discuss WBASN environment, it has highlighted significant
challenges encountered by WBSAN.

The Emergence of WBASN (Wireless Body Area Sensor Net-
works) has transformed the way communication among the appli-
cation systems and its integral devices take place. There are revo-
lutionary developments that have taken place in the WBASN, is
profoundly adapted in healthcare Smart cities, and fitness [1], and
in varied other range of 10T applications.

WBASNS play a vital role in health care and in other such indus-
trial applications [2]. The key advantage of adapting the WSBNs
in health care monitoring is that it did not interrupt the normal
functions of the human system or be any inconvenience to the
customers and also it ensures that adequate inputs required from
the human body are relayed to the application system more effec-
tively. Using BSN it is very much feasible to address monitoring
of heart rates, functions of the body, brain activities, body temper-
ature, muscle motions etc in the more accurate manner [3]. It is
very essential that the solutions adapted have to be more accurate
in addition to adherence for health checking and intimation condi-
tions.

It is very much feasible to evaluate the person’s health conditions
like B.P (Blood Pressure) using WBASN based on modified vol-
ume oscillometric technique that mitigates the need to deploy any
kind of inflatable pressure cuff, mobile device [4] or any kind of
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Figure 1: Indicates of the feasible positioning of sensors nodes

WBASN physical hardware nodes whilst emerging in too much
smaller devices, the requirements in terms of power efficiency to
handle the conditions are on rising [7]. To address such power
constraints, a number of power saving and security techniques
were introduced for addressing conflicting goals. Categorically, in
the case of rehabilitation applications like WBASN are adapted
for time-dependent data processing and acknowledgment provi-
sioning. In addition, the health application imposes mandate re-
quirements for assuring QoS.

Firmware applications focus on data collection at sensor node
level, data processing, and power saving techniques was adapted.
Many of the hardware and software solutions have targeted on
energy levels of sensor node and consuming techniques like the
instant power and the frequency scaling, power-aware scheduling
etc. Many selective approaches were dependent on the hardware
choices like the low-power radios and the custom ultralow power
subsystems or components [7].

The Figure 2 details the power consumption level of radio trans-
ceiver established in the wireless sensor nodes and if such power
consumption can reduce, it can be more resourceful outcome.
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Figure 2: Indicative inputs on power consumption in wearable nodes [7].

Based on varied activities and application goals, devices switch
amidst the varied power saving policies pertaining to distinct setup
of hardware components (like transceiver power states, microcon-
troller hardware configuration, or the sensor-sampling rate).

2. Nomenclature of the Wireless Body Area
Sensor Networks

Patient health monitoring nodes usually exchange the health-
related information like Bluetooth, ZigBee, surveillance solutions,
and WLAN networks. Significant developments are taking place

in the consumer electronic solutions that are enabling better quali-
ty of life [8].

In the WBASN solutions, there are profound developments that
anticipated in usage of the solutions for healthcare domain. With
the rising trends of internet revolutions, there is exponential
growth in the demand for such solutions [9]. WBASN are very
effective in handling the information and communication solutions.
Certain functions like sampling, real-time data relay, information
processing, facilitating communications performed without any
interruptions [9]. In tracking the physiological parameters and in
terms of offering flexibility and mobility to the uses, adapting
WBASN can offer significant results. Features of offering data
from large time intervals, and in improved frequencies can enable
the doctors to have more insightful information pertaining to pa-
tient’s status [10]. Challenge is about engaging in practical im-
plementation and adaptability of such solutions.

Such conditions lead to design and implementation related chal-
lenges, as the objective for such system has minimum delay, net-
work lifetime and maximum throughput and are in terms of reduc-
ing unwanted communication pertaining to energy consumption.
In addition, the user-oriented requirements for adoption of
WBSAN are about privacy, ease of implanting, value of systems,
safety conditions [9].

2.1 Topology used in WBASN

IEEE 802.15.6 has adapted WBSN for both the one-hop and two-
hop star-based topology to ensure effective communication based
on positioning at strategic location [11]. Communication methods
that used over the beacon or non-beacon models, works based on
the beginning and ending at a super frame for enabling network
association and kind of device synchronization.

CSMAJCA used for non-beacon mode depending on essentiality
[12]. In the case of WBSN, the coordinator is termed as sink node
and the ones that one-hop start topology and multi-hop architec-
ture nodes profoundly connected and communicated to varied
level of communication access points, depending on the other
sensor nodes.

For handling compliant communication, two hops are adapted as
per the IEEE standards, and some of the proprietary systems that
could adapt more than two hops considered in the process. Despite
all such developments, the issue of interoperability is a major
concern because of challenges resulting due to standard compliant.
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2.2 WBASN Communication Architecture

Mainly WBASN communication architecture can categorize into
three groups,

Tier-1 is profoundly over the network interaction of nodes and the
transmissions ranges that are impacting the human body.

Tier-2 is an effective medium amidst Ps and the other access
points (Aps). The Aps are integral to the infrastructure that shall
position for a dynamic environment. Tier-2 communication shall
enable the WBSN’s correspondence to varied networks that can be
easily accessed [8]. Some of the key dimensions that considered
as subcategories towards inter- WBASN communication are the
ad-hoc oriented architecture and the infrastructure-based architec-
ture [8].

In Tier-2, the emphasis is about usage of metropolitan areas and
the gateway kind of PDA, which can be resourceful for bridging
gap amidst the tier-2 and tier-2 solutions. The database is among
the most effective components for addressing tier-3, which usually
restores necessary information for further course of action.

2.3 Challenges in QoS WBASN

Some of the key issues in terms of addressing QoS for

WBASNS are:

2.3.1 Physical Layer Challenges

PHY layer of protocols designed for addressing the power con-
sumption while ensuring that the reliability issues of the system
not compromised. However, the crux in the case of current solu-
tions are about minimizing the average power consumption by the
radio during the phase of active and sleep modes [6]. In addition
to that, the interface is the other major setback in the case of
WBASN systems, wherein the developments emerging because of
improved co-existence. The issue of off-body interference result-
ing because of collision with the external sensors are also an in-
trinsic issued encountered in the process [13].

2.3.2 MAC Layer Challenges

Mechanisms that are integral to IEEE 802.15.6 not developed
relying upon MAC protocols and the emphasis on addressing the
interoperability issues. Certain solutions like the message ex-

change protocols, packet formats evaluated as a scope for research.

In the conditions wherein, the reliability not attained from one-hop
start topology, relays were adapted for attaining the outcome [8].
WBASNSs need categorical range of QoS requirements for adher-
ing to the MAC proposal [8].

2.3.3 Transport Layer (QoS) Challenges

QoS requirements of the application in WBASNs were to be ad-
dressed ensuring that no plunge in the performance and without
any complexities. In addition, in real-time scenario, some of the
WBAN impacted in terms of loss and relay. Even the issues per-
taining to limited memory impacts to great extent the outcome that
expected from the process. At times, the QoS features like the
reliability; bandwidth might impact the process for performance
related challenges. For attaining the lower level of packet losses,
the transmit power has to improve that could result in higher lev-
els of power consumption. The summary of layer level challenges
has given briefly in Figure 3.

Physical Layer
— Meed to develop the protocols to
reduce the power consumption

MAC Layer
Need to develop efficient protocols
for data exchanging, and need to
avoid the data collisions

Layer Level 1
Challenges

Transport Layer

— QoS, process performance,

reliability

Figure 3: Different types of challenges in layers of Wireless body area
sensor network

2.3.4 Sensor fusion Challenges

Many of the contemporary researches were focusing upon upcom-
ing research challenges and directions, specifically in terms of
Autonomic WBASN s, Cloud-oriented BANSs, Collaborative
WBASNS, and Context-aware WBASNSs, which discussed in be-
low and represented in Figure 4.

Autonomic WBASNS: These types of WBASN systems are pre-
dominantly a sensor self-healing, configurable, optimizes solu-
tions. Every property requires due assessment using multi-sensor
node fusion methods. Sensor Self-maintenance profoundly based
on wireless sensor node calibration and real-time sensor data-
filtering [14], wherein the self-optimization shall ensure dynamic
model evolution. Even the process of self-configuration shall han-
dle the wearable sensors replacement or displacement.

Context-aware WBASNSs: In the instance of a change in the
context, there is imperative need for multi-sensor nodes fusion
techniques to point out such type of changes, as it impacts the
properties of the methods like accuracy issues. The process of
transfer learning model, which is integral to the frameworks, using
the transfer learning could consider WBASN to adapt varied con-
texts by extracting and transfer of data from one context to the
other. In an illustrative scenario, activity of sensor node classifica-
tion can process from one context to the other [15]. In the instance
of datasets not annotate, methods like sensor profiles are required
to encode the background knowledge. The design can facilitate
every sensor in the source domain dataset for matching the coun-
terpart over the target domain. Certain facets like position of a
patient body sensor node attached might be very essential for a
sensor profile.

Improving the Battery life: In designing of sensors, battery is
one of the significant concerns. Profoundly, the battery lifetime
and discharging time of a sensor node depend on the number of
sensors, which connected to hardware. More number of tasks pro-
cessors can handle the quantum of energy requirements in simul-
taneous manner. Hence, effective solutions with more efficiency
of power management is integral to WBASN domain [16].
WBASN as a solution comprises concern for self-charging or
power drawn from the external resources, and even from the Wi-
Fi signals.

Collaborative WBASNSs: Collaborative WBASN [17] are the
BSNs that are able to collaborate with every other for fulfilling
common goal. Multi-sensor nodes data fusion is one of the com-
mon CBSNs that are integral to joint data analysis like synchro-
nized data integration and classification, filtering, time-dependent
solutions. CBSNs can usually program using C-SPINE [18],
wherein the extension of SPINE framework is imperative [19].
Using the C-SPINE, the e-shake CBSN systems were developed
[20]. E-Shake is a solution developed using multi-sensor data
fusion scheme for performing automatic detection of handshakes
amidst two individuals and towards capturing the relational re-
Sponses.

Cloud-based Wireless Body Area Networks: CABANs have
overlay infrastructures that integrate BANSs atop the cloud systems
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for offering effective and efficient sensor stream for gathering
patient health care node stream management, persistent body sen-
sor data collection, storage, and decision making, function-
oriented body analysis, enhanced visualization, and multi-layer
security. A popular illustration of CABAN is the Body Cloud [21],
which supports in generated new community-oriented WBASN
systems, which will raise vivid range of interesting issues like
definition of novel fusion methods for community oriented
WBASN. In addition, the high-volume of streamed data for fusion
algorithms offer accurate output and time-based data processing
management of multiple sensors.

Sensor Design: WBASN technologies offer significant opportuni-
ties in healthcare monitoring. In addition, there are certain chal-
lenges that are emerging with the development. One of the signifi-
cant issues that envisaged is with sensor design, wherein research-
ers focus on integration of more sensors to one node whilst ad-
dressing less power [22]. Multi-parameter measurement is one of
the intrinsic factors that is highly cost-efficient; it might be more
expensive than single sensor node. It also needs much more accu-
racy, firmware reliability, and robustness than the nodes, which
contains single sensor.

Issues pertaining to handling novel range of handheld devices:
Smart phones [23] and other such range of computing devices are
turning out to be base stations for WBASN developers. The
handheld devices are more adaptable, and the constraint is in
terms of limited capacity in terms of handling. In addition, until
one is acquainted with the process of handling, managing the
handheld devices becomes much challenging.

Choosing the best routing path: In the case of patients staying
outside the direct monitoring of hospitals, the key issue is about
executing the task of monitoring in a different manner. The key
concern is the task shifting for selecting best routing path [24]. For
instance, patient’s home can be base station forwarding data using
the WLAN to the remote servers. However, in such cases, there
are potential chances of base stations becoming less active and the
transmission of data might take place at lower frequency levels
using WWAN and GPRS. Involvements of some nearby relay
stations are essential for wireless networks to realize long-distance
wireless transmissions.

WBASN has certain constraints in terms of data collection relia-
bility, privacy, and patient identification related issues for address-
ing wearable sensing system to ensure continuous activity moni-
toring [25].

‘ Autonomic BSNs ‘

' ‘ Context aware BSNs ‘

)é *{ Improving the battery life ‘

N
{ Collobarative BSNs ‘

Sensor Level 1
Challenges

‘ Sensor design ‘

Figure 4: The sensor level challenges of Wireless body area sensor net-
work

3. Contemporary Affirmation of Benchmark-
ing Routing Strategies in WBASN

In the case scenario of WSNs and MANETS, routing protocol
systems were reviewed in an extensive manner and from the stud-
ies, it is evident that WBASN has significant impact in terms of
constraints of design over the routing protocols, which results in
constrains like routing performance issues.

Implementation of WSNs energy, efficient routing protocols are
very sensitive in terms of processing the data, memory access, and

another such kind of measurements. WSN nodes are homogeneous,
the WBASN nodes are heterogeneous, and it has wide range of
scope for data rate and energy availability [10], variation in mobil-
ity. WBASN routing has to take into account variations in body,
limitation of energy resources, and radiation impact over the tissue
heating and limited energy resources for adapting available re-
sources to mitigate intervals for charging the batteries, improving
the lifespan and towards developing quality system.

Although the properties of WBASN related to MANETS and
WSNs, still the unique difference could attribute to contemporary
solutions, which are essential in terms of routing protocols.

3.1 Temperature Based Routing

Wireless communication solutions vividly used for magnetic and
electric fields generation from the radio signals. High level of
radiation emission and exposure to such levels of radiation results
in rise in the body temperatures of the humans, which might lead
to health implications.

Temperature oriented routing algorithms are developed, wherein
the emphasis is on reducing hot spots. Levels of heating and radia-
tion absorption over in a human body are certain key aspects to
consider in the design of routing protocols. TARA is one of the
integral solutions that were proposed, which targets the addressing
of temperature issues. However, the reliability and packet loss
ratios in addition to low network lifetime are certain integral is-
sues in the model, which addressed in the other model, called LTR
(Least Temperature Routing) Algorithm [26]. One of the key chal-
lenges is about getting insights in to the temperature phenomenon
of each node and the other nodes.

3.2 Cluster-Based Routing

Cluster-based routing protocols are adapted in WBASN are
adapted in WBASN classify the nodes in to varied clusters. For
each of the generated cluster, a cluster-head assigned and used for
data transmission from sensor to sink. The key objective of such
routing protocols are to mitigate the number of direct data trans-
missions resulting from sensors to the base station. The other sig-
nificant challenge is the overhead and delay pertaining to cluster
selection, which are major problems for such protocols.

Authors of [27] adapting a data generated protocol using “Any-
body” has proposed reduction in the quantum of direct transmis-
sions towards a sensor node base station. However, one of the key
constraints envisaged is the energy efficiency issues ignored in the
model. The constraints envisaged in the process is addressed in
HIT (Hybrid Indirect Transmissions) [28], resulting in improved
energy efficiency which is not considered in the process.

In [28] authors focused on the model of data generating protocol
that targets in reducing number of direct transmissions towards a
sensor node base station and by focusing on multi-hop indirect
transmissions towards a cluster and for multiple clusters that are
adjacent. Though the high-energy efficiency and network lifetime
can envisage, still there are certain factors like network delay en-
visaged because of HIT and HITm, while addressing dense net-
works and issues of reliability and conflicting interaction ignored.

3.3 Probabilistic Routing

Many alternative routing protocols like the probable of cost factor
to account and the work towards handling a route carried out at
minimal cost. However, such protocols need varied transmissions
for updating link-state information that could turn out to be a con-
straint in implementing macro range of protocols.

In [29], the authors Introduced ETPA method which means “En-
ergy Efficient Thermal and Power-Aware routing” that offers
solution for proposed factors of relative costing solutions. In addi-
tion, certain complex factors like depletion time that could result
in lasting communication among the nodes considered in
WBASNS.
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3.4 Cross-Layer Routing

The routing protocols that are of Cross-layer proposed to focus on
the issues pertaining to network layers. Though such protocols
have very poor energy consumption, still the emphasis could be
more about higher path loss and it could even impact over the
body motion. Some of the significant solutions like WASP pro-
posed in [30] target to address the issues by focusing on WASP
cycles, and towards improving traffic routing.

CICADA which means “Controlling Access with Distributed Slot
Assignment protocol” [31] is the other model constituting low
energy cross-layer routing protocols specifically proposed for
WBASNS, which based on multi-hop TDMS scheduling.

TICOSS (Time zone Coordinated Sleeping Mechanism) [32] tar-
gets all nodes as FDD (Full Functional Devices) and it enhances
the standards of configuration using the shortest path route to
WBASN coordinator. It also preserves energy whilst minimizing
hidden terminal data collisions using various V-scheduling that
doubles the operational lifetime for IEEE 802.15.4 for busy traffic
scenarios and extension of IEEE 802.15.4 for supporting mobility.
BIOCOMM [33] is the other cross-layer routing protocol devel-
oped for interaction among MAC and network layer over biomed-
ical sensor networks towards optimizing the performance of net-
work. Such interaction attained by using “Cross-layer Messaging
Interface” by which the MAC layer relays its status information to
the network layer.

3.5 QoS Based Routing

QoS oriented routing protocols are among the popular kind of
routing protocols. Varied methods were proposed based on the
efficiency model and the metrics that could impact the efficient
process of routing. A contemporary QoS related routing protocol
(LOCALMOR) is proposed in [34] towards improvising the sen-
sor networks utilization of biomedical applications.

The review of contemporary solutions reflects the fact that majori-
ty of the studies have focused on routing path and categorically in
terms of geographical routing and path routing conditions. Though
majority of such constraints were to be addressed using the pro-
cess of RL-QRP algorithm, impact of such independent distributed
reinforcement learning model for QoS route calculations focus on
sensor nodes, however, the key constraint is that the proposed
solutions lack scope for global optimization towards large-scale
network conditions.

4. Contemporary Literature Review of

WBASN

This section of the paper explores varied types of solutions that try
to be energy efficient and over security in the WBSN. In this sec-
tion, we reviewed on different types of proposed solutions, which
are trying to get for energy efficiency, security on WBSN.

4.1 Energy efficiency mechanisms

In [35], a system-level mechanism to power consumption pro-
posed. The mechanism combined aspects based on the optimiza-
tion of power and application. In [36], authors have targeted im-
plementation of energy-efficient transceiver, using injection
locked frequency classifier that can conserve energy.

In [37], adaptive frequency-hopping plan is adapted and authors of

[38] focused on low power on-body communication was proposed.

A direct-coupled interface proposed for mitigating ground level
electrode considered as integral factor in the study.

In [39], a study of signal-processing mechanisms introduced,
where in the framework of QoS regulation-oriented optimization,
principles discussed. Authors of [40] have focused on energy-
efficient cost-effective protocol towards multi-hop WBASN and
such protocol adapts the relay position and data routing constraints
to improve the longevity of the network.

QoS can consider data-centric routing protocols, and in [41] au-
thors have explored the model of data-centric multi-objective
QoS-Aware routing protocol DMQoS. Varied thermal routing
protocols used in WBASN. TARA is the first thermal-aware rout-
ing solutions in BSNs [26], in which upon receiving a packet for
sending, a node selects the next node with minimal temperature. In
[26], authors have explored thermal-aware routing protocols LTR
and ALTR.

In [28], HIT a cluster-based routing mechanism proposed, in
which the routing allowed nodes for parallel and multi-hop send-
ing. WASP and CICADA [42] are two of the cross-layer protocols
that designed with MAC and other network layers. Routing of
such protocols carried out using spanning tree and time slots. Cer-
tain routing protocols are QoS-aware. A data-centric multi-
objective QoS-Aware routing protocol discussed in [41]. Authors
of [43] discussed model of QoS reinforcement learning using the
routing protocol. Authors of [44] have proposed solution of QoS-
aware energy efficient routing solution pertaining to configuration
management.

In [45], selection of optimal packet size for improving energy
saving in direct communication of WBASNSs discussed. In addi-
tion, the authors of [46] have addressed the same issue in a com-
munication system developed with WBASN and Wi-Fi network.
In [47], authors have considered optimizing total communication
energy consumption of WBASN and the Wi-Fi networks using
joint data rate adaptation.

Authors of [48] have focused on usage of solar energy harvesting
systems for WSN applications [49]. The transmission range
changes were chosen as an elementary factor in the many of the
existing models [50]. Routing, scheduling of transmissions, syn-
chronizing communication, adapting MAC, and many other such
approaches [51] can optimize energy management and lifetime of
network, which are key objectives of WSNs. Irrespective of the
domain and node mobility of the WSN [51] or the resource cy-
cling models such as solar energy models.

4.2 Network prototypes

In [52], authors have proposed ingenious design for assessing the
measure respiratory rate, based on acoustic sensor. Microphone
places over the neck to record acoustic signals associated with
breathing, wherein the band-pass filtered to attain the signal
modulations.

Authors of [53], developed in-shoe pressure and acceleration sen-
sors based on classification activities, for postures detection and to
understand if the subjects are simultaneously performing arm-
reaching movements.

In [54], authors proposed step-counting mechanism using MEMS,
in the case of patients suffering with Parkinson’s disease. In [55],
authors used wearable sensors for monitoring recovery of patients
in post-operative conditions. A varied range of research projects
has focused on activity monitoring using wellness applications for
increasing exercise compliance. In some of the studies proposed
for monitoring lifestyle and clinical intervention issues. In [56],
the study has provided an algorithm for detailed analysis of patient
activity level, where in the data is recorded as single unit.

Authors of [57] have focused on tri-axial accelerometer oriented
custom-designed vest for detecting falls. The emergence of so-
phisticated smart phones has enabled fall detection systems.

In [58], authors have developed an ear-worn sensor for monitoring
the activities and exertion levels in the patients suffering from
obstructive pulmonary diseases. Usage of sophisticated machine
learning models enabled them to trace varied types of physical
activities and improvise them using a worn sensor. In [59], a mul-
ti-sensor system evaluating galvanic skin response, skin tempera-
ture and heat flow considered for estimating energy consumption.
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5. Observations and Future Research Direc-
tions

WBASN s are very active and are contemporary domain where
there are profound elements and dimensions to be explored for
addressing varied levels of architecture and from vivid perspec-
tives of information security. The following set of inputs reflect
upon challenges of WBASN s by focusing on distinct set of papers,
and the key challenges are depicted in the further sections. Table 1
emphasize the different types of future research problem, which
discussed below.

Packet collision in Retransmission: In the instance outburst of
stimuli, large volume of network traffic has to flow in a smooth
manner ensuring no delay or collisions or any kind of re-
transmissions. It might be very challenging as routing certain soft
components are frugal for WBASN [60].

Utilization of Bandwidth: Profoundly, majority of the novel
devices can handle small bytes, and it restricts the movement of
data. Hence, there is need for high-level bandwidth for smooth
processing from such devices [60].

Time Lag and Storage data collection: The need is to ensure
distribution of storage [61].

Synchronization of Time: Complexities might rise in the case of
final transmission, challenges in case of time delay and time lag,
which might require certain levels of pre and post, processes [62]
Prediction: It is imperative from important data that WBASN
should have efficient protocol and algorithm for predicting health
problems like heart attack [63] for effective success and health
application.

Cost-effectiveness: Though profound developments have taken
place in the R&D of wearable devices, still the cost of such solu-
tions are on high and there is integral need for reducing the price
factors [64].

Efficient Prediction Techniques: Existing prediction techniques
adapt simple solutions and it could lead to prediction errors. Har-
vested power is also limited which triggers in thwarting any ex-
cessive power spends. Researchers should focus on developing
efficient and less error-prone solutions for improving power man-
agement [65].

Energy-efficient reliable systems: All the energy-harvesting
systems shall envisage benefits from reliable and ultra-reliable
energy efficient sensors and nodes. Apart from the anti-fouling
coatings over surfaces, reliable sensors thrive to save power and
have to be reliable in terms of system longevity. Sensor nodes also
increase challenge of calibration and cleansing of the system,
which eliminates the need for reducing the quantum of energy
required and size of energy system [65].

Storage of Energy: Long lasting and large size applications im-
pact the battery sustenance factors like charge cycles, self-
discharge and environmental conditions. Hence, future researchers
have to focus on additional effort for investigating and evaluating
performance, reliability of conventional and effective battery solu-
tions [66]. There is potential scope for exploring trade-offs upon
usage of batteries and capacitors as the storage solutions[67-75].

Table 1: Table for the Future Research Directions

Packet collision is a big problem in data commu-
nication system. When the router is receiving
data from the multiple nodes there is a chance for
the pocket collisions which pockets are coming
from external nodes, in this condition it is essen-
tial to design the scheduler that eliminates data or
pocket collision [60].

All 10T devices are restricted to limited memory,
so it is challenging to handle the bulk data with
this limited memory [61].

The need is to ensure distribution of storage [61].

Packet collision in
Retransmission

Utilization of
Bandwidth

Time Lag and
Storage data col-
lection

Synchronization of time is a big challenge in the
communication system, when the routers are
receiving the data from one node, it is also man-
datory to receive the data that is coming from
other nodes, so we require developing the syn-
chronization events which collects data without
any losses [62].

WBASN should have efficient protocol and
algorithm for predicting health problems like
heart attack [63] for effective success and health
application.

Though profound developments have taken place
in the R&D of wearable devices, still the cost of
such solutions are on high and there is integral
need for reducing the price factors [64].

It is essential to develop the prediction system,

Synchronization
of Time:

Prediction

Cost-effectiveness

Efficient Predic- | which can identify the battery power problems
tion Technigues: and patient’s health problems [65].
Energy-efficient When number sensors are increase in the sensor

reliable systems node the power consumption of the sensor node
also increases, in this condition it is essential to
develop the power saving application by activat-
ing the sleep mode for the sensors which are not
necessary [65].

Future researchers have to focus on additional
effort for investigating and evaluating perfor-
mance, reliability of conventional and effective
battery solutions [66].

Storage of Energy

6. Conclusion

WBANSs are turning out to be a significant solution and globally
there is exponential growth in demand for wearable devices. As
such devices are becoming an integral part of monitoring function
in varied application systems and domains, the routing protocols
of WBASN are gaining significance. Though there are many posi-
tives emerging from the process, still certain factors like challeng-
es and complexities of handling are hampering the developments.
In development of an effective and quality protocol for routing,
right from planning to mitigate impact of external factors over
PHY and MAC, to the level of increasing operational efficiency
and performance, improving the standards of co-existence, varied
factors are to give importance. In this paper, focus is on reviewing
taxonomy and literature pertaining to emerging developments in
routing protocols and its pros and cons. To derive an outlook on
the critical factors essential for handling the WBASN designs.
Many of the earlier models and contributions pertaining to QoS
reviewed for qualitative comparisons, and it is evident that though
there are many models that have evolved in the domain, still there
is scope for improvement and operational efficiency in the design
and development of effective solutions.
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