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ABSTRACT Currently, medical media technologies have become a center of attention due to emerging
trends in miniaturized wearable devices from factories to health corner stores everywhere. Due to the
power-constrained nature of these portable devices, it is challenging to adopt them during critical medical
operations and diagnoses. Maximizing energy efficiency and, hence, extending the battery life is vital.
In addition, conventional approaches with constant transmission power are inappropriate option for green
and smart healthcare. Thus, this paper first proposes a transmission power control (TPC)-based energy-
efficient algorithm (EEA) for when a subject is in different postures, i.e., standing, walking, and running,
in wireless body sensor networks. Second, a hardware platform was developed on the Intel Galileo board to
test and compare the proposed EEA and conventional adaptive TPC (ATPC) in terms of energy and channel
reliability or packet loss ratio (PLR). Experimental results revealed that the proposed EEA obtained energy
savings of 42.5% with an acceptable PLR compared with that of the traditional ATPC method.

INDEX TERMS Healthcare systems, medical media, energy-efficient, adaptive, power control.

I. INTRODUCTION
The emerging trends in medical media technologies have
revolutionized and enlightened the entire landscape of the
healthcare domain by aiding an aging society. In addition,
due to the rapid proliferation and miniaturization of wearable
devices, the healthcare market is increasingly dependent on
mobile media applications for bright, big and better images
of critical events. Nevertheless, several untouched problems
must be considered for the successful deployment of a smart
healthcare environment and establishing a uniform and tight
knot between a confined battery lifetime and power-hungry
medical media content, for instance, electrocardiograms,
SpO2 devices, and blood pressure sensors. The first main
application of wireless body sensor networks (WBSNs) is
likely to be smart healthcare. From the perspective of tech-
nical requirements and use of WBSNs in the healthcare

system, highly reliable, low transmitting power and green
(i.e., energy efficient) communication is a serious concern.
An on-demand transmitting power control (TPC) strategy
is a highly likely motivational and encouraging ingredient
with more energy savings and linked reliability. WBSN is
considered as a simple and complete paradigm shift with
emerging and flexible attributes surrounded by numerous
other research directions [1]. The objective of a WBSN is
to offer green and reliable smart healthcare services at a
very close vicinity with on-/in- or implanted body sensors
for patients. Each application is used and entertained with
unique requirements regarding power, data rate, and sev-
eral other parameters. The WBSN contains a base station
and numerous wearable devices for gathering physiologi-
cal signals (i.e., SpO2, heartbeat, blood pressure, and elec-
trocardiogram) from the human body as shown in Fig. 1.
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The collected data are delivered to hospitals or medical
theaters to support patients and physicians [2]. Due to their
small size, resource-constrained nature, and limited battery
lifetime of wearable sensors nodes, energy efficiency is a
paramount and conspicuous requirement to monitor the lives
of patients in an effective and efficient manner [3], [4].

Several energy management/saving methods; i.e., net-
work, node, packet and neighbor level, have already been
investigated by earlier researchers for wireless sensor
networks (WSNs), WBANs, and WBSNs [2], [3]. Since
traditional transmission power control techniques are inap-
propriate for WBSNs due to fixed and less efficient power
management and monitoring and less energy saving capabil-
ity, TPC has become a debatable topic among many experts
and researchers. Previously, research works have contributed
to this domain merely by designing and proposing routing
protocols, frameworks, network lifetime extension, etc.; how-
ever, significant roles need to be fulfilled, and deliverable
actions need to be taken. A novel adaptive power control
algorithm is proposed [1] that allocates transmission power
in a dynamic fashion with more energy savings and a lower
packet loss ratio (PLR). Additionally, multiple body postures
have not been accounted for in their research except for a
dynamic body posture (i.e., walking), and they developed
the TPC algorithm accordingly [1]. Therefore, these highly
relevant studies have resulted in saving less energy due to
complex mechanisms and high power consumption. Energy
and reliability are considered to be highly demanding and
motivating factors that can be achieved by distinct tech-
niques, for instance, MAC, TPC, interference mitigation, and
resource allocation. By considering current needs, this paper
proposes a TPC-enabled energy efficient algorithm (EEA)
algorithm for green medical media transmission in WBSNs
by following the TPC method in [1].

Transmission power is related to energy consumption and
linked adaptation. Therefore, much attention has been paid
to selecting a suitable power level in line with energy effi-
ciency and reliability. The TPC protocols are categorized into
three classes, that is, connection-oriented, packet reception
rate (PRR)-enabled, and received signal strength indicator
(RSSI)-based, to maximize the performance of the wire-
less channel. In the connection-based method, transmission
power is adjusted for each node repeatedly according to the
channel condition, which is effective for dense WBSNs and
distributed networks. The WBSN is a star-topology network
that directly connects the base station to the sensor nodes;
thus, it is not an appropriate option for healthcare BSNs.
In PRR-based classes, power levels are selected when PRR
exceeds a preset RSSI threshold level, and this level is not
a potential candidate when recovering the channel from a
deteriorated condition. The last RSSI-based method exam-
ines the channel state with a fairly selected signal strength
at the receiver, with −99 dBm and −90 dBm as the
worst and good channel quality indicators, respectively,
in WSN. This predictive power adaptation model is not an
appropriate choice for WBSNs due to more complex and

dynamic human body structures with frequent channel state
variations.

Sodhro et al. [1] developed a dynamic TPC-based energy
algorithm for human vital sign signal transmission in
WBANs. Their algorithm saves a reasonable amount of
energy with high RSSI stability, but it is somewhat com-
plex and consumes more power compared to the proposed
EEA. Moreover, their TPC-based algorithm is only suitable
for a dynamic environment, unlike our proposed algorithm,
which is applicable for both static and dynamic platforms.
Hao et al. [2] designed the framework of the BSN by
considering the idea of energy harvesting for medical
healthcare management, but they did not adopt the TPC
mechanism for energy optimization in WBSNs. Le et al. [3]
carried out an extensive survey about the innovative
5G-enabled approaches, but TPC and energy savingswere not
the attentive points of their research. Dimitrov [4] discussed
the emerging role of IoT and big data in the healthcare indus-
try; however, energy savings were not the focus of their work.
Sodhro and Li [5] proposed various energy and battery aware
techniques for media streaming in body sensor networks with
a novel healthcare framework, but they did not adopt the TPC
for energy savings in medical health. Hassanalierag et al. [6]
investigated health management tricks with the support of
IoT, and several dark and bright sides were discussed after
deploying inventive technologies. Jusak et al. [7] exam-
ined the 5G-based IoT system for healthcare facilities, but
TPC utilization and energy savings were not discussed.
Shaikh et al. [8] discussed in detail a complete review of
IoT technology for efficiently managing the system, but
energy savings with the TPC approach were not the center
of attention. Gonzalez et al. [9] presented a detailed review
of the hospital management system with a novel energy
optimization model in WBSNs, but the TPC mechanism
was not investigated. Sodhro and Shah [10] defined the
importance of innovative technologies for healthcare systems
but did not concentrate on energy optimization in WBSNs.
Barcelo et al. [11] developed an integrated TPC and routing
algorithms for efficient data transmission in the WSN, but
an energy-efficient mechanism was not the area of interest.
Fu et al. [12] designed a TPC-based high-performance
wireless power transfer system; however, the role of
an energy aware health environment was not discussed.
Castagnetti et al. [13] developed a combined TPC and duty-
cycle based scheme for industrial applications by adopting
sensor networks, but energy savings were not the main target
of their research. Sodhro and Li [14] designed a quality
of service based optimal technique for Telemedicine, but
energy savings were not their center of attention. Jie and
smith [15] developed a TPC and relay-enabled approach
for WBANs. Sodhro and Li [16] developed battery effi-
cient and lifetime extension approaches for wireless capsule
endoscopy in WBSNs, but the TPC-oriented strategy for
energy savings was not emphasized. Sun et al. [17] examined
TPC-based monitoring and a resource allotment scheme
in celluar networks, but the energy efficiency of the
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WBSNs was not alarming. Yildiz et al. [18] proposed the
handshaking-based dynamic mechanism for the WSNs, but
they did not discuss energy savings with the TPCmechanism.
Choi et al. [19] developed a TPC-based communication sys-
tem for wireless power transfer; however, their research did
not focus on the healthcare system. Sodhro and Fortino [20]
proposed a novel energy management algorithm for video
transmission in WBSNs, and in addition, they developed a
promising health monitoring framework. Cotuk et al. [21]
explored the role of TPC-oriented strategies for the life-
time extension of the WSN; however, an energy efficient
system with TPC was not the main point of their work.
Geng et al. [22] investigated the power transfer technique
for traffic systems by adopting the TPC mechanism, but
their research did not focus on energy savings in medical
applications. Ding et al. [23] developed a novel combined
power control and time allocation strategy for cognitive radio;
however, they did not insist on an energy efficient healthcare
platform. Dong et al. [24] optimized the QoS in entirely
distinct networks with joint power and a time shifting mech-
anism, but they did not emphasize an energy saving mech-
anism in the WBSNs. Ibarra et al. [25] developed a novel
QoS optimization method for healthcare monitoring in the
WBSNs, but they failed to discuss the energy savings with
TPC methods. Xu et al. [26] proposed a game-theory based
fair power allotment approach for wireless power transfer
systems, but the energy savings in the WBSNs were not the
focal point. NICTA [27] developed real-time datasets of the
wireless channel used in WBANs, which were adopted in our
research. Xu et al. [28] developed a power control-enabled
approach to strategically manage and monitor the QoS and
mitigate interference in ad-hoc networks, but energy opti-
mization was not the focus of their research. Kang et al. [29]
designed the channel management scheme for data transfers
between two devices. Halder et al. [30] proposed a received
signal and link quality-based monitoring technique for inter-
nal system management, but they did not discuss energy
optimization with TPC in WBSNs.

The contribution of this paper is twofold. First, we pro-
pose an energy efficient (i.e., green) TPC algorithm named
EEA for medical media transmission in smart healthcare by
adopting three body postures (standing, walking and running)
of a subject. Second, the hardware implementation and com-
parison of a proposed algorithm (EEA) and ATPC algorithm
was made by considering an Intel Galileo based development
board. Experimental analysis showed that our proposed EEA
achieved an energy-efficiency of 42.5% with reasonable PLR
compared to the traditional ATPC.

The remaining paper is arranged as follows. The proposed
EEA is described extensively in Section 2. A detailed exper-
imental analysis is presented in Section 3. Finally, the paper
is concluded in Section 4.

II. PROPOSED ENERGY-EFFICIENT ALGORITHM
An energy-efficient algorithm (EEA) with the PC principle
is proposed that adjusts transmission power with respect to

FIGURE 1. WBSN architecture for smart healthcare.

the dynamic and time-varying channel characteristics. The
EEA is the modified version of the adaptive power control
algorithm in [1], but the power allocation strategy is different
in both. The main entities adopted by the proposed EEA are
as follows: the RSSI’s lowest sample was Rlowest (in addition,
it is assumed that the latest RSSI sample has already been
dropped or is lost during the first attempt of transmission); the
RSSI average R was the weighted sum of the RSSI samples;
the RSSI target (Rt arg et ) was placed in between the lower
TRL and higher variable TRHvar thresholds; accordingly,
the averaging weights α1 and α2 were of the good and bad
channels, respectively; and finally, the comprehensive value
was of a fixed lower threshold (TRL). The proposed algorithm
EEA follows an adaptive and on-demand transmission power
allocation pattern as in eq. (3).

R = Rlowest + (1− α1)× R (1)
R = Rlowest + (1− α2)× R (2)

1P =


2 if R < TRL
−1 if R > TRHvar

0 if TRL < R < TRHvar

(3)

TRHvar = TRL + σ (4)

σ =

√√√√1
n

n∑
i=1

(
Ri − R

)
i = 1, 2, . . . , n (5)

Where, in eq. (5), σ , R and n are the standard deviations
(in dBm), RSSI samples and their total number, respectively.
We used Rt arg et , TRL, and TRHvar with−85 dBm,−88 dBm,
and −83 dBm, respectively. To achieve an effective and reli-
able transmission, it is vital to adjust the transmission power
according to the wireless channel features. For continuous
data delivery, it is crucial to consider all RSSI samples, such
as the latest and the lowest. When the former drops, then
the former plays a significant role in keeping the operation
continuing with the help of ACK from BS. Typical ATPC [1]
dynamically adopts RSSI threshold values, and therefore,
it has more reliability than the proposed EEA, while their
power adaptation mechanism is complex and unpredictable
without considering wireless channel attributes in detail.

Because of the adaptive power allocation fashion,
ATPC [1] is merely applicable to the dynamic environment,
while the proposed algorithm is suitable for both dynamic
and static platforms. Suppose that the proposed EEA is run
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FIGURE 2. Block diagram of the proposed energy efficient algorithm.

FIGURE 3. Current and lowest RSSI samples.

by the BS and the transmitter sensor node with uplink data
transmission (i.e., BS performs TPC in a linear on-demand
control fashion) as shown in Fig. 2. The BS computes the R
by the exponential weighted average before allocating power
levels. Suppose that the transmitter node is aware of the RSSI
of each packet through feedback from BS and then chooses
the TP level in a linear on-demand fashion for future packets.
The transmission power and the lowest RSSI, both in dBm,
are represented as Pt and Rlowest = Rlatest − 1, respectively.
BS will update the R by using eqs. (1) and (2) for good and
bad channel states, respectively. The proposed EEA sustains
the aggregated value R of the RSSI samples, calculated by the
average of the entire lowest (i.e., no. of samples received after
latest samples are lost) samples (steps 2 and 4). The averaging
weights α1 and α2 show the aggregated values of the good and
bad channel states, respectively, as shown in Fig. 3.

This algorithm increases or decreases transmission power
by a single TP level in an on-demand fashion by compar-
ing the R to TRL and TRHvar thresholds (steps 7 and 9)
subsequently. We can say that the lower threshold TRL =
−88 dBm is suitable for the Intel Galileo-based nodes.
If R declines below TRL (step 8), the transmission power is
additively increased to improve the channel quality; if, on the
other hand, R surpasses TRHvar (step 6), the transmission
power will be decreased additively. From the performance of

TABLE 1. Parameters used in the experiment.

the proposed algorithm, we can say that TRHvar = −83 dBm
is a favorable choice for the Intel Galileo-based development
board environment; lower values make the target RSSI range
[TRHvar, TRL] narrower, while higher values lead to more
transmission power (and hence higher energy usage) than is
required. The simplicity of our proposed algorithm lies in
its additive increase and decrease fashion by equally treating
both improved and worsened channel conditions as shown in
Algorithm 1.

While the algorithm in [1] follows the adaptive power allo-
cation mechanism, which requires more power to entertain
ACK of frames to the transmitter, in our proposed TPC algo-
rithm, energy efficiency is at high priority and uses an additive
increase and additive decrease scheme with α1 = 0.8, which
reacts quickly to good channel conditions and ignores small
transitions in bad channel conditions with α2 = 0.2.
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It is supposed that there is no packet loss while sending
feedback messages. The proposed EEA is less complex and
convenient to implement with less storage capacity. In addi-
tion, the proposed EEA adopts less overhead packets while
sending acknowledgment bits. We examined through exten-
sive experimental results in MATLAB that our proposed
EEA is more energy-efficient with relatively acceptable PLR
(i.e., channel reliability) compared to that of conventional
ATPC [1], as depicted in Figs. 6 and 7.

The pseudo code of the proposed EEA is shown below:

Algorithm 1 : Power Control Algorithm for Media
Transmission
Rlatest : (RSSI of latest samples)
Rlowest : (RSSI of lowest samples)
R : (RSSI average)
Rt arg et : (RSSI target)
Step 1: if Rlatest > R
Step 2: R = Rlowest + (1− α1)× R
Step 3: else Rlatest < R
Step 4: R = Rlowest + (1− α2)× R
Step 5: endif
Step 6: R > TRHvar

Step 7: 1P =


2 if R < TRL
−1 if R > TRHvar

0 if TRL < R < TRHvar

Step 8: elseif {R < TRHvar}

Step 9: 1P =


2 if R < TRL
−1 if R > TRHvar

0 if TRL < R < TRHvar

Step 10: else {TRL ≤ R ≤ TRHvar}

Step 11: do nothing
Step 12: end

III. EXPERIMENTAL RESULTS
We included 15 individuals who were free from cardiovas-
cular disease in the conducted experiments. The standard
time period for each experiment was set during the afternoon
and night at approximately 2 PM and 10 PM, respectively.
Parameters used in the experiment are shown in Table. 1.

The hardware-basedWBSNs platform is revealed in Fig. 4,
in which the BAN-Coordinator gathers the real-time data
from a node, while the node contained a HKD-10A sensor,
Intel-Galileo-Board, and Wi-Fi module (Intel Centrino Wire-
less N-2230) for collecting bio-signals such as ECG, blood
pressure, SpO2, etc. The Intel Galileo supported a 32-bit
Intel Pentium-class system on a chip, and Arduino Software
Development Environment (IDE) integrated with an Intel
processor for data delivery in a high mode. The development
board was adopted to design an intelligent wireless node,
while theWi-Fi module and ECG sensor offered connectivity
for transferring collected data to a remote server.

In addition, the Wi-Fi-enabled N-2230 module promoted
reliable transmission at a rate of 300 Mbps. Throughout our

study, the word data packet and RSSI sample were used inter-
changeably. RSSI samples were collected using the experi-
mental scenario on the hardware Intel-Galileo-Board in our
laboratory. The performance of the proposed algorithm and
ATPC [1]was examined by adopting three body postures such
as standing, walking and running with aggregated values of
RSSI and TPC per data packet, as shown in Figs. 4 and 5.
Moreover, an average transmission power and RSSI value
showed that the 42.5% energy-efficiency was achieved
with relatively more PLR by the proposed EEA than the
traditional ATPC.

FIGURE 4. Integrated hardware components for WBSN.

FIGURE 5. Body postures in WBSNs.

A. PERFORMANCE METRIC FOR WBSN
The performance metrics used in this research were the aver-
age energy drain, standard deviation, and packet loss ratio.
These parameters were evaluated for the proposed algorithm
and existing ATPC algorithm [1]. Furthermore, on the basis
of these parameters, the performance of other TPC schemes
could be estimated.

1) TOTAL ENERGY DRAIN
Eq. (6) depicts the aggregated sum of the product of trans-
mission power (mW) and the time (seconds), as presented
in eq. (6) whereby E(mW), Pi(mW), t (packet’s sending and
receiving time), and n are the average energy drain, TP levels,
time and the number of RSSI samples, respectively

E =
n∑
i=1

PiX t (6)
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FIGURE 6. Transmission Power Control and RSSI, Standing (a) & (b), Walking (c) & (d) and Running (e) & (f).

2) PACKET LOSS RATIO
The PLR can be defined as the ratio of the total dropped
data packets (l) to the total transmitted data packets (s).
PLR was computed in (%) to be 3.8% and 3.5% for the

proposed algorithm and ATPC, respectively, as depicted
in Fig. 7(b) and Fig. 8, respectively, and Table 2.

PLR =
l
s
× 100 (7)
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FIGURE 7. Energy consumption and packet loss ratio, a) Total energy consumption, b) Packet loss ratio.

3) STANDARD DEVIATION
The variation in the RSSI level to obtain information about
the channel quality is shown in eq. (5). In addition, the nor-
malized value of the σ was used to examine the performance
of the proposed EEA and ATPC [1], as presented in Table 2,
where R and Rt arg et denote the RSSI samples and the RSSI
target value, respectively.

B. TRANSMISSION POWER CONTROL
AND RSSI COMPARISONS
Fig. 6 shows the trade-off between transmission power and
the relevant RSSI value in the time scale of 60 sec for the
proposed EEA and ATPC [1], in the frequency band 2.4 GHz.
In addition, Figure 6(a) and (b) reveals the TP and RSSI
values during the standing body posture. It was observed and
analyzed that slightly more power was consumed (−18 dBm)
with a high RSSI by ATPC, while more energy was saved
(−23 dBm) with a reasonable RSSI (i.e., standard devia-
tion) or PLR by the proposed EEA. Overall, we can say that
due to less variation when standing, less power is consumed
with minimum PLR by both algorithms compared to walking
and running.

Fig. 6(c) and (d) presents the transmission power and
RSSI values with walking body posture for the proposed
algorithm and ATPC [1]. It was observed that slightly more
power was depleted (−17 dBm) with a reasonable RSSI level
(i.e., standard deviation) or PLR by ATPC, while less power
was consumed (−22 dBm) with a RSSI or PLR level by the
proposed algorithm.

Fig. 6(e) and (f) depicts the transmission power and RSSI
values by considering the running body posture for the pro-
posed algorithm and ATPC [1]. We observed that more power
was drained (−20 dBm) with a stable RSSI level or less PLR
by ATPC, but less power or more energy saving (−21 dBm)
was obtained with an acceptable RSSI or PLR by the
proposed algorithm.

C. ENERGY CONSUMPTION AND PACKET
LOSS RATIO COMPARISONS
Fig. 7(a) reveals the total energy dissipation of the proposed
EEA and existing ATPC [1] with standing, walking and
running body postures. It was observed that more energy is
consumed while running and less energy is drained while
standing, while the energy of walkingwas between the former
and latter. Indeed, the proposed EEA saved more energy than
the ATPC [1]. Fig. 7(b) presents the packet loss ratio (PLR)
of the proposed EEA and ATPC [1] with standing, walking
and running body postures. It was observed that there was
more PLRwith the running posture and less with the standing
posture, while the PLR of walking was in between the former
and latter postures. Furthermore, the ATPC algorithm [1] had
less PLR and relatively more power consumption than the
proposed algorithm and vice versa. From extensive measure-
ment and analysis, it was observed that the proposed EEA
revealed high energy savings by adopting channel features,
unlike the traditional ATPC.

It exhibited a degraded performance (either wastes energy
in the case of suitable channel conditions or compromises
reliability in the case of poor channel states), whereas the
proposed EEA maintains the RSSI at a relatively stable level
with more energy savings performance (either wastes energy
in the case of suitable channel conditions or loses reliability
at poor channel conditions).

Figs. 6 and 7 reveal that the proposed EEA outperforms the
ATPC by savingmore energywith little sacrifice in reliability.
In addition, it was observed that there was more attenuation,
RSSI deviation and data packet loss in experimental scenarios
such as walking and running than sitting because of body
movement that had an impact more on the ATPC method [1]
and less on the proposed algorithm regarding the transmission
power and RSSI adaptation.

Fig. 8 presents the channel quality according to the PLR
and RSSI values. Fig. 8(a) depicts the tradeoff between good
(α1) and bad (α2) channel entities. The α1 general is different
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TABLE 2. Summary of the experimental results.

FIGURE 8. Channel quality in terms of PLR and RSSI, (a) Relationship
between channel parameters, (b) PLR according to the RSSI value.

from α2 in terms of energy savings and reliability. Fig. 8(b)
presents a yardstick or scale to measure the PLR or RSSI lev-
els, respectively, according to the channel quality parameters,
i.e., α1 and α2, and then, transmission power is adapted for
each posture to save energy during medical media transmis-
sion in smart healthcare.

IV. CONCLUSION
In this paper, we propose EEA for green medial media trans-
mission in smart healthcare and compared it with an existing
ATPC [1] by adopting three body postures (i.e., walking,
running and standing) at 2.4 GHz frequency. The proposed
algorithm follows an on-demand additive increase and addi-
tive decrease mechanism to save more energy with little com-
promise in channel reliability (i.e., PLR), unlike the ATPC
algorithm [1] in all aforementioned experimental scenarios.
The potential limitation of the proposed EEA is slightly more
PLR with the high standard deviation (i.e., less RSSI) but

saves more energy at a rate of 42.5% compared to that of
the ATPC algorithm in WBSNs. A remarkable power drain
minimization and, hence, green medical media transmission
was obtained by the proposed EEA for smart healthcare as
examined through experimental analysis. In the near future,
a media (i.e., video) streaming application with IoT over
5G networks will be considered for wireless capsule
endoscopy.
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