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Abstract

Sensors in Wireless Body Area Networks (WBANS) require low power consumption to
ensure continuous long-term operation while maintaining accurate and stable data
transmission. This article proposes a novel power control algorithm that significantly
improves energy efficiency for WBAN sensors compared to existing schemes. The
proposed “Throughput Window-based Power Control” (TWC) algorithm ensures that the
sensor’s throughput remains within a predefined range, aligning with system requirements.
Simulation results demonstrate that TWC not only significantly reduces energy
consumption but also maintains stable communication performance with high reliability
under the unique transmission conditions of WBANS. In particular, TWC achieves the
highest average energy efficiency, which is 1.5 times higher than the Max-Min Power
Control (MMC) algorithm and 7.5 times higher than the No Power Control (NPC) scenario.
Moreover, TWC vyields the lowest average power consumption, reaching 0.75 times that of
MMC and only 0.3 times that of NPC. Compared to MMC and NPC, TWC offers superior
energy-saving capability while ensuring quality of service. These findings support the
development of energy-autonomous WBAN models that meet the requirements of
advanced health monitoring applications.
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1. Introduction

Wireless Body Area Networks (WBANS) play a crucial role in monitoring and
tracking human physiological parameters [1], [2]. WBAN sensors, which are either
attached to the body surface or implanted, are responsible for measuring vital signs such
as heart rate, temperature, blood pressure, and activity levels. These networks facilitate

* Corresponding author, email: dtquan@Iqdtu.edu.vn
DOI: 10.56651/lqdtu.jst.v20.n02.950

109


mailto:dtquan@lqdtu.edu.vn

Journal of Science and Technique - Vol. 20, No. 02 (May 2025)

health monitoring, enable early detection of abnormalities, and enhance medical care
efficiency. However, WBAN sensors typically operate in highly dynamic signal
environments and are constrained by limited energy resources, posing challenges in
maintaining system performance and reliability. Therefore, optimizing energy
consumption to extend sensor lifespan is a critical requirement in medical and
healthcare applications [3], [4]. Several studies have focused on developing power
control methods aimed at not only reducing energy consumption but also optimizing
overall communication performance.

One of the representative approaches is the cooperative power control algorithm
proposed in [5] which aims to mitigate interference in WBANs using two-hop
communication by optimizing relay node selection based on the signal-to-noise-plus-
interference ratio and transmission power. However, this method involves complex
computations for relay node selection and may increase energy consumption due to the
additional relay communication overhead. Meanwhile, the study in [6] applies adaptive
power control based on kinematic and physiological data to predict channel conditions
and optimize transmission power. However, this approach requires extensive data
processing, making it unsuitable for resource-constrained sensors and potentially
leading to higher energy consumption, thereby affecting battery lifespan.

Additionally, the study in [7] proposes an energy-saving method for health
monitoring by leveraging edge computing. Specifically, data is processed directly at
edge sensors to filter out non-essential information, while an anomaly detection model
is deployed at the edge device to minimize the amount of data transmitted to the central
server. However, this approach may result in the loss of critical data if the filtering
threshold is not appropriately set, and its effectiveness depends on the accuracy of the
anomaly detection model at the edge.

Furthermore, the study in [8] proposes an adaptive power control algorithm based
on the received signal strength indicator, allowing sensors to adjust their power based
on feedback from the access point (AP). However, this method is not optimal when the
body is in motion, as it does not effectively mitigate multipath interference and fading.
Additionally, it relies on feedback from the AP which may lead to instability when the
communication channel fluctuates. Meanwhile, the study in [9] employs reinforcement
learning to simultaneously optimize power and transmission time, thereby enhancing
WBAN performance. Although promising, reinforcement learning requires a long
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training period and may not be responsive enough when the number of sensors
dynamically changes. Another approach to improving sensor throughput in WBANS is
the multi-connectivity WBAN model combined with the MMC algorithm, as proposed
in [10]. However, the MMC algorithm does not address the issue of energy efficiency.

Overall, existing studies have proposed various power control methods to enhance
transmission performance in WBANS. However, most approaches still face challenges in
balancing energy efficiency and link reliability. Therefore, a more flexible and adaptive
solution is required to maintain stable connectivity while improving energy efficiency in
WBANS. To address this challenge, this article proposes the TWC algorithm. The TWC
algorithm not only enhances communication performance but also conserves energy by
adjusting sensor power based on throughput requirements, thereby extending the lifespan
of WBAN devices. The core mechanism of TWC involves regulating transmission power
within a predefined throughput window, ensuring link quality while improving energy
efficiency. Compared to [6], which relies on biosignals and kinematic data for adaptive
power control, the proposed TWC algorithm eliminates the need for extensive sensor
fusion and processing. While [6] is suitable for flexible applications, its dependency on
motion-related data may limit its effectiveness in maintaining consistent throughput under
varying channel conditions. In contrast to [9], which uses deep reinforcement learning to
jointly optimize power and time allocation, TWC adopts a simpler control structure that
avoids high computational overhead and long convergence times. This makes TWC more
practical for real-time applications on energy-constrained WBAN sensors. This study
aims to develop a more efficient solution for WBANS, contributing to improved health
monitoring with high energy efficiency.

2. System model
2.1. System architecture

The multi-connectivity WBAN model, illustrated in Fig. 1, consists of multiple
patients equipped with sensors that communicate with wall-mounted APs in a hospital
treatment room. On each patient’s body, sensors are placed at various locations such as
the chest, abdomen, legs, and arms. Each sensor is equipped with a single antenna and is
responsible for collecting and transmitting physiological data in real time. The total
number of sensors in the system is denoted as K. On each patient’s body, sensors are
placed at various locations such as the chest, abdomen, legs, and arms. Each sensor is
equipped with a single antenna and is responsible for collecting and transmitting
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physiological data in real time. The total number of sensors in the system is denoted as K.
The APs are installed at a standard height of 2.5 meters on the wall to optimize signal
reception from all sensors in the room. This placement ensures stable and uniform
connectivity throughout the monitoring space. The total number of APs in the system is
denoted as M, with each AP equipped with a single antenna to facilitate efficient data
transmission and reception. The primary function of the APs is to collect signals
transmitted from the sensors and relay the data to the central processing unit (CPU) via a
high-speed wired connection for analysis and processing. This process provides detailed
insights into the user's physiological condition, supporting diagnostics and enabling
timely medical decision-making.

Backhaul
——— Downlink data transmission
— — — = Uplink data transmission

Fig. 1. Multi-connectivity WBAN system model.
2.2. Data transmission method

WBAN applications primarily require uplink data transmission from sensors to APs
to ensure the accurate delivery of critical parameters such as electrocardiogram (ECG),
electroencephalogram (EEG), blood oxygen levels, and activity monitoring in real time.
This enables the early detection of abnormal conditions and timely medical intervention.
Therefore, this article focuses on uplink power control to optimize sensor energy
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consumption, thereby extending device lifespan and ensuring the sustainable operation of
the multi-connectivity WBAN model.

Let g, denotes the channel coefficient between the m™ AP and the s" sensor. The
channel is modeled as:

gmk: lek mk ? (1)

where h_ captures the small-scale fading component, typically modeled as a complex
Gaussian random variable, and g represents the large-scale fading which accounts for
path loss and shadowing effects.

2.3. Uplink traning

Let ¢° denotes the coherence interval length, expressed in samples, which is

calculated as the product of the coherence time and the coherence bandwidth. Within each

coherence interval, a duration of ¢ samples is allocated for uplink pilot transmission.

To guarantee reliable channel estimation, the training duration ttrttr must satisfy the

condition 7% <¢°. During this uplink training phase, all K sensors simultaneously

f

transmit their individual pilot signals, each comprising z“ samples, to the APs. The pilot

sequence assigned to the ssth sensor is defined as vz o, eC”, where @, IS a unit-
norm vector satisfying |, ||2 =1 for k = 1,..., K. As a result, the m" AP receives a pilot

observation vector of size 7 x1 which can be expressed as:

K
Yom = \/pop ngk¢k TWom )
k=1

where p, denotes the normalized signal-to-noise ratio (SNR) corresponding to each
pilot symbol. The noise vector at the m" AP is denoted by w,, whose entries are

assumed to be independent and identically distributed complex Gaussian random
variables with distribution. Given the received pilot signal y, , the m" AP proceeds to

estimate the wireless channel g, for each sensor k = 1, 2,..., K. To facilitate this, let
Yo represent the projection of the received pilot signal y,  onto the conjugate
transpose of the pilot sequence ¢ .
K
York =0 Yom =T Pp Enic +7" Pp O i PL P+ PLW,, . €)
k'=k
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Although y, ., may not serve as a sufficient statistic for estimating g, in the

general case of arbitrary pilot sequences, it can still be used to derive suboptimal channel
estimates. However, when the pilot sequences are designed such that any pair is either
identical or mutually orthogonal, vy, becomes a sufficient statistic, and the

corresponding channel estimates based on it are statistically optimal.

In this special case, the minimum mean square error (MMSE) estimate of the
channel coefficient g, , conditioned on the projected observation y, . , is given by:

B Yo | _
gmk = Myp,mk = kayp,mk7 (4)
E{‘yp,mk‘ }
where
 p, B
Crc = e 5)

2 .
7 Pp Z Pruc ‘%H Dy ‘2 +1
k=1

2.4. Uplink data transmission

The received signal at the m™ AP is expressed by the following Eq. (6):
yu,m = \/ZZKK:l gmk ak qk +Wu,m’ (6)

where p, represents the normalized uplink SNR, ¢, represents the power control

coefficient for the uplink data transmission of the k™ sensor, subject to the condition
0 < @, < 1. This coefficient enables the system to adjust the transmission power of each

sensor, thereby controlling the signal strength and minimizing interference. Let g,
denote the signal transmitted from the k™ sensor to the m™ AP, and let w, , represent the

noise vector at the m™ AP, which is assumed to follow a complex Gaussian distribution
with zero mean and unit variance, describes the random interference factors in the
transmission environment. To detect the signal g, transmitted from the k™ sensor, the
m" AP multiplies the received signal Y. DY the conjugate of the channel estimate g, .

The result of this multiplication is forwarded to the CPU via a high-speed wired
transmission link. The received signal at the CPU is expressed as:
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K M M
r-u,k = ;Zl puak' émkgmk‘ Qk' +Zl§mkwu,m' (7)
=1 m= m=!

The explicit expression for the achievable uplink data rate of the k™ sensor under
power control is given as follows:

M 2
Puly (Zm:lymk)

2
Pu Zsik a [Zr’\::1ymk émk' ] ‘(DI:' Py ‘2 TP Zszlak' Zr'\::1ymkﬁmk- + Z:\::lymk
mk

R=log, |1+ (8)

where ¢, denotes the pilot signal sequence transmitted by the k™ sensor to the APs to

facilitate the channel estimation process, and
TCfppﬂnzwk

TCprZ:::lﬁmk' ‘%H(”k' ‘2 +ll

Yk = (9)

The throughput of the k™ sensor during uplink data transmission is computed
using the following expression:

cf
T
1-—

T= 2T R. (10)

cf
-5
In Eq. (10), the factor 2’ reflects the pilot overhead under the assumption that the

coherence interval tc\tau_ctc is equally divided between uplink and downlink. Since the
pilot transmission only occurs in the uplink phase, it occupies half of the total coherence
interval. This modeling approach follows standard assumptions used in cell-free massive
MIMO literature such as in [12], [13], and ensures a fair estimation of net throughput.

3. Throughput window-based power control

The TWC algorithm adjusts sensor power to maintain throughput within a desired
range, ensuring energy efficiency while preserving communication quality. In this
algorithm, sensors with throughput lower than the lower threshold increase their
transmission power by a factor of », whereas sensors with throughput exceeding the
upper threshold reduce their transmission power by #. This process is iteratively
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repeated until the throughput of all sensors falls within the range defined by the lower
and upper thresholds or until a predefined number of iterations is reached. To achieve
these objectives, the TWC algorithm is implemented through specific steps outlined in
the algorithm flowchart in Fig. 2.

Initialization
Determine the number of iterations N of the FOR loop, which randomly distributes
the positions of the sensors and the APs, with n = 1.

v

Parameter setup
Define the throughput window [T, T,,], and the maximum number of iterations
max-iter for the WHILE loop, i = 1. Initialize the random values
of the power control factor «,; for the sensors, ensuring 0 <a,;<1

v

Initial throughput calculation

Compute the initial throughput T, ; for each sensor. Check the condition:
IF(T™ >T, Yand (T[> < T,, ), then terminate the process and retain

uki = "down uki

the current values of T ; and a,; . Otherwise, enter the WHILE loop

v
Power control factor adjustment
Identify the sensor with the maximum throughput T, .

If T, =T, , reduce o™ by #%. ldentify the sensor with the minimum

uki up !

increase o by 7%.

throughput T/ . If T/w" <T,

u ki

down !

[(Tgoun <Tuii') and (T <T,)]
or [i>max-iter]

Result storage
Save the power control factors and the sensor throughput values from the final iteration.

Fig. 2. Flowchart of the TWC algorithm.
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4. Evaluation method

This section presents the methodology for investigating and evaluating the
effectiveness of the proposed TWC power control algorithm, compared to the MMC
algorithm and the No Power Control (NPC) scenario in the multi-connectivity WBAN
model. The evaluation includes the simulation setup, system parameters, and
performance metrics.

The performance of TWC, MMC, and NPC is evaluated based on sensor
throughput and energy consumption. Sensor throughput is analyzed using the
cumulative distribution function (CDF) which represents the probability that a sensor
achieves a throughput lower than or equal to a given value. The CDF provides a
comprehensive view of the throughput distribution in the system, enabling the
assessment of power control algorithms. When comparing algorithms, a rightward shift
in the CDF curve indicates higher average throughput, reflecting improved network
performance. Conversely, a leftward shift in the CDF curve signifies reduced
throughput, leading to lower transmission efficiency. Therefore, CDF analysis is a
crucial tool for assessing throughput improvement in WBANS.

The energy consumption is evaluated using bar charts which illustrate the average
energy expenditure of sensors under different algorithms. The bar charts facilitate the
analysis of each method's effectiveness in minimizing energy consumption while
maintaining stable connectivity. The combination of the CDF for throughput evaluation
and bar charts for energy consumption analysis provides a comprehensive insight into
the algorithm's performance in WBAN, aiding in the selection of the optimal power
control strategy. The simulation setup parameters are detailed in Table 1.

Tab. 1. Simulation parameter setup

Parameter Value
Frequency (f) [GHZz]; Bandwidth (B) [MHZz] 45;10
Number of APs (M); Number of sensors (K) 4;10
Height of AP (H.), Height of sensor (Hc) [m] 2.5;from0.5t0 1.5
Maximum transmission power of sensor (Pmax) [MW] 1
Adjustment ratio of power control factor () [%] 1;2;5; 10
Lower throughput threshold (T,,,,, ) [Kbit/s] 10; 20; 30; 45
Upper throughput threshold (T, ) [Kbit/s] 20; 30; 45; 60
Room dimensions (length, width, height) [m] 10; 10; 3
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The simulation considers 10 sensors and 4 APs uniformly deployed in a 100 m?
indoor area, representing typical WBAN scenarios in hospital rooms or home-care
environments. The use of multiple low-power APs follows the cell-free architecture,
improving connectivity and interference management. Although the area is compact, it
enables effective evaluation of power control under dense deployment. This setup
reflects practical WBAN conditions while allowing clear performance analysis of the
proposed algorithms.

5. Simulation results and discussion

5.1. Average throughput per sensor

The dashed line with triangular markers represents the case without power control
(No Power Control - NPC). The simulation results in Fig. 3 indicate that under NPC, up
to 85% of sensors achieve a throughput below the 30 Kbit/s threshold. This is primarily
due to severe co-channel interference, which degrades the SNR and increases the bit

error rate (BER), leading to a significant reduction in transmission efficiency.

1

T—m—— -
09F : 0.9
0.8+ 0.8-
0.7+ > 0.7 7
L 06] i L 0.6 Ee
Qo5 B Sos5 P
041 P 0.4 >
03f B 1 03 p 1
02r p - - &= -NPC 0z B - - - -NPC |
0.1} —=—MMCG 0.1 p —&—MMC
ob’ | a —e—TWC g w5 : —e—TWC
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Throughput [Kbit/s] Throughput [Kbit/s]
a)n =1% byn =2%
R 1
0.9r 09 e
0.8 08}t
0.7 B 0.7+
0.6 B L 06 ,p’
Q05 Le Qo5 P
04r P 04+ »
0.3 P 1 03F P ]
02r B F-B--NPC 02t P - == =NPC
01l —s— MMC 01l P; —8— MMC
ob” ——e—TWC 0B —e—TWC

118

10 20 30 40 50 60
Throughput [Kbit/s]

c) 1 =5%

10 20 30 40 50 60
Throughput [Kbit/s]
d) n» = 10%

Fig. 3. Cumulative distribution of average throughput per sensor.



Tap chi Khoa hoc va Ky thudt - ISSN 1859-0209

Sensors transmit at a fixed power level without an appropriate adjustment mechanism,
leading to overlapping interference among signals. In particular, sensors located near the AP
may transmit at excessively high power, causing unnecessary interference to neighboring
sensors, while distant sensors may fail to transmit with sufficient power to overcome
background noise and channel attenuation, resulting in a significant throughput reduction.
Due to the lack of adaptation to channel conditions, sensors maintain a constant power level
even under poor channel quality, which reduces bandwidth efficiency and creates an
imbalance in network resource allocation. Consequently, the majority of sensors experience
limited throughput, leading to a severe degradation in overall system performance.

The solid line with square markers represents the case where the MMC algorithm
is applied. The simulation results in Fig. 3 show that 50% of sensors achieve a
throughput below the 30 Kbit/s threshold, while the remaining 50% attain throughput
above this level. The MMC algorithm adjusts the transmission power of each sensor to
maximize the throughput of the lowest-performing sensor, thereby reducing the
disparity in data transmission performance among sensors. However, since the
algorithm prioritizes improving the performance of sensors with poor channel
conditions, half of the sensors still experience a throughput limitation below 30 Kbit/s
due to the effects of interference and channel attenuation. This outcome reflects the core
principle of the MMC algorithm - enhancing the throughput of the weakest sensors but
not necessarily optimizing the average throughput of the entire system.

The solid line with circular markers represents the case where the TWC algorithm
is applied. This algorithm adjusts transmission power to maintain sensor throughput
within the range of 30 Kbit/s to 45 Kbit/s. The simulation results in Fig. 3 show that
most sensors achieve throughput within this range, with no sensor exceeding 45 Kbit/s.
However, approximately 2% of sensors still experience throughput below
30 Kbit/s. This phenomenon, despite the TWC algorithm being designed to maintain
throughput within the desired range, primarily stems from severe channel attenuation,
high interference, and limitations in power adjustment capability. Some sensors located
too far from the AP or obstructed by obstacles experience significant signal degradation,
making even the maximum transmission power insufficient to compensate for channel
losses under harsh conditions, preventing throughput from staying above 30 Kbit/s.
These are inherent limitations that arise when sensor positions are randomly distributed
and channel conditions exhibit significant heterogeneity. In the TWC algorithm, each
sensor is allowed to adjust its transmit power to maintain the throughput within a

predefined range [T,,,.T,]. However, if a sensor experiences severely degraded

channel conditions (e.g., due to high path loss), even increasing the transmit power to its
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maximum limit may not be sufficient to achieve the desired throughput. In such cases,
the algorithm is constrained by the physical hardware limitations and can no longer
increase the power to improve the link quality.

Observing charts (a), (b), (c) and (d) in Fig. 3 reveals that as # increases from 1%
to 10%, the trends of NPC and the MMC algorithm remain unchanged, while the TWC
algorithm also exhibits no significant fluctuations. This indicates that TWC operates
stably, consistently maintaining the average throughput of each sensor within the
predefined throughput window, regardless of variations in #.

5.2. Average throughput of sensors
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Fig. 4. Average throughput of all sensors.

The first column represents the NPC case. The simulation results in Fig. 4 show
that NPC achieves the lowest average throughput, approximately 15 Kbit/s. This is
primarily due to the lack of a transmission power optimization mechanism, which leads
to high co-channel interference, thereby degrading data transmission performance,
especially for sensors with poor channel conditions.
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The second column represents the case where the MMC algorithm is applied. The
simulation results in Fig. 4 show that the MMC algorithm achieves an average

throughput of approximately 35 Kbit/s which is higher than NPC but still lower than the
TWC algorithm.

The third column represents the case where the TWC algorithm is applied. The
simulation results in Fig. 4 show that the TWC algorithm achieves superior
performance, with an average throughput of 40 Kbit/s, which is 2.7 times higher than
NPC and significantly outperforms the MMC algorithm.

Observing charts (a), (b), (c) and (d) in Fig. 4 reveals that as 1 increases from 1%
to 10%, the trends of NPC and the MMC algorithm remain unchanged, while the TWC
algorithm exhibits only minor fluctuations. This demonstrates that the TWC algorithm
operates stably, consistently maintaining the average throughput of sensors within the
defined throughput window, regardless of variations in 7.
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Fig. 5. Average throughput of all sensors with different throughput thresholds.
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Simulation results in Fig. 5 (subplots (a) to (d)) show that the average throughput
of the sensors under the TWC algorithm remains consistently within the target threshold

range [Ty, T, ], clearly demonstrating the algorithm’s flexibility in accommodating

different quality-of-service requirements. In contrast, the NPC and MMC schemes are
not threshold-driven, resulting in throughput values that remain nearly constant
regardless of changes in the threshold settings.

5.3. Average energy efficiency of sensors

In Fig. 6, the x-axis represents the index of each sensor from 1 to 10, along with
an aggregate column indicating the average value (AVG). At each sensor position, three
bars represent different cases: the first bar (without a pattern) corresponds to NPC, the
second bar (horizontally striped) represents the MMC algorithm, and the third bar

(vertically striped) denotes the TWC algorithm. Based on the simulation results in
Fig. 6, several key observations can be made as follows:

- Across all sensors, the TWC bar consistently exhibits the greatest height
compared to the other bars, with efficiency levels ranging from 115 Kbit/s/mW to
125 Kbit/s/mW and an average value of approximately 120 Kbit/s/mW. This indicates
that the TWC algorithm utilizes energy most efficiently to enhance throughput.

- The MMC bar is consistently lower than the TWC bar, with efficiency levels
fluctuating around 75 Kbit/ssrmW. This indicates that MMC prioritizes increasing the
transmission power for low-throughput sensors to ensure fairness rather than optimizing
overall network efficiency. As a result, many sensors transmit at higher power levels
than necessary, leading to increased energy consumption without significantly
improving overall throughput.

- Due to the absence of a transmission power adjustment mechanism, sensors
transmit signals at a fixed power level regardless of channel conditions. As a result,
NPC achieves the lowest energy efficiency, with the NPC bar remaining below
20 Kbit/s/mW, indicating high energy consumption while yielding minimal throughput.

- Observing charts (a), (b), (c) and (d) in Fig. 6 reveals that as # increases from
1% to 10%, the trends of NPC and the MMC algorithm remain unchanged, while the
TWC algorithm exhibits only minor fluctuations. This demonstrates that the TWC
algorithm operates stably, consistently maintaining sensor energy efficiency at a higher
level compared to NPC and MMC, regardless of variations in .
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Fig. 6. Average energy efficiency of sensors.
5.4. Average power consumption of sensors

The simulation results in Fig. 7 show that, in the absence of power control, the
average power consumption is the highest due to the lack of a transmission power
optimization mechanism. Sensors always transmit at a fixed power level regardless of
channel conditions, leading to severe energy wastage. Consequently, NPC exhibits
higher average power consumption compared to the two power control algorithms,
TWC and MMC.

The MMC algorithm exhibits lower average power consumption than NPC but
remains higher than TWC. This algorithm adjusts transmission power based on a
balancing criterion, aiming to enhance the throughput of the lowest-performing sensor
in the system. This mechanism ensures that all sensors maintain an acceptable
throughput level, rather than allowing some sensors to experience excessively low
throughput. However, since MMC prioritizes improving the performance of weaker
sensors, it may consume more power than TWC in certain scenarios.
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The TWC algorithm achieves the lowest average power consumption. This is
attributed to its power control mechanism which ensures that each sensor's throughput
remains within a predefined threshold range. Specifically, if the throughput exceeds the
upper threshold, the transmission power is reduced to conserve energy. Conversely, if
the throughput falls below the lower threshold, the power is increased to maintain
communication performance. As a result, TWC effectively balances energy
consumption and data transmission efficiency, enabling energy savings while ensuring
communication quality.
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Fig. 7. Average power consumption of sensors.

Observing charts (a), (b), (c) and (d) in Fig. 7 reveals that as # increases from 1%
to 10%, the trends of NPC and the MMC algorithm remain unchanged, while the trend
of the TWC algorithm exhibits no significant fluctuations. This demonstrates that the
TWC algorithm operates stably, consistently maintaining the average power
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consumption of sensors at a lower level compared to NPC and MMC, regardless of
variations in 7.

6. Conclusion and future directions

Based on the simulation results, several key conclusions can be drawn. The
TWC algorithm achieves the best performance by maintaining stable throughput
within the target range, ensuring consistency, high reliability, and minimal variation
among sensors. It also attains the highest energy efficiency by flexibly adapting
to network conditions and effectively controlling transmission power to reduce
energy waste.

In comparison, the MMC algorithm delivers moderate performance, as some
sensors still fail to meet the desired throughput and consume more energy than TWC.
Meanwhile, the NPC scheme performs the worst, with most sensors unable to reach
the required throughput, resulting in severe co-channel interference, increased energy
consumption, and significant degradation in overall system performance. The
proposed TWC algorithm demonstrates strong potential for low-power WBAN
applications such as remote health monitoring. Current limitations include simplified
channel models, lack of mobility consideration, and absence of hardware validation.
Future research will explore mobility-aware extensions, real-world deployment, and
hybrid approaches that combine the strengths of TWC and MMC to balance
throughput and energy efficiency. Expanding simulations to dense networks with
interference and latency, and validating in 10T, 5G, and 6G scenarios will further
enhance applicability in healthcare, industry, and sports.
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PHAT TRIEN THUAT TOAN PIEU KHIEN CONG SUAT
DUA TREN CUA SO THONG LUQONG CHO MANG
VO TUYEN QUANH CO THE

Bui Tién Anh', P& Thanh Quén?, Phiing Quang Quan®, Pham Thanh Hiép*

YKhoa Vé tuyen dién tir, Trwong Pai hoc Kj thudt Lé Quy Pén

2Khoa Chi huy Tham muu ky thudt, Trwong Pai hoc Ky thudt Lé Quy Pén

$Trung tdm Hop tdc quoc té Khoa hoc cong nghé Viét - Nhdt, Trwong Dai hoc K thudt Lé Quy Dén

Tém tit: Cac cam bién trong mang vo tuyén quanh co thé (Wireless Body Area Networks
- WBAN) yéu céu tiéu thu ning lugng thip dé dam bao hoat dong lién tyc trong thoi gian dai,
ddng thoi duy tri kha nang truyén dir liéu chinh xac va 6n dinh. Bai bao d& xuit mot thuat toan
diéu khién cong suat méi nham tiét kiém ning lwong cho cam bién trong WBAN. Thuat toan
“diéu khién cong suét dya trén ctra s6 théng lugng” (Throughput Window-based Power Control
- TWC) dugc dé xuit nhim dam bao théng lwong cho cam bién nim trong mot khoang gia tri
nhat dinh, phi hop vdi yéu cau hé théng. Két qua mo phong cho thay thuat toan TWC khong chi
gitp giam dang ké muc tiéu thy ning lugng ma con duy tri hiéu suat truyén tin 6n dinh véi do
tin cay cao trong diéu kién truyén din dic tho cia WBAN. Cu thé, thuét toan TWC dat hiéu qua
ning luong trung binh cao nhét, cao hon 1,5 lan so véi thuat toan diéu khién cong suét t6i da
hoa mirc téi thiu (MMC) va cao hon 7,5 lan so véi trudng hop khong diéu khién cong suat
(NPC). Ngoai ra, TWC con cho mirc tiéu thu ning lugng trung binh thap nhit, chi bang 0,75 lan
s0 v6i MMC va 0,3 lan so vdi NPC. So véi thuat toan MMC va truong hgp NPC, TWC thé hién
kha ning tiét kiém ning luong vuot trdi trong khi van dam bao chat lugng dich vu. Nhimng két
qua nay gop phan thic ddy phat trién cic mo hinh WBAN tu chi vé niang luong, dap tmg yéu

cau cua cac ung dung giam sat strc khde tié€n tien.

Tir khoa: Mang vé tuyén quanh co thé; diéu khién cong sudt; tiét kiém ndang leong;
hiéu sudt truyén tin.
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