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Abstract
Wearable devices, wireless networks and body area networks have become an effective way to solve the problem of human
health monitoring and care. However, the radiation problems of wireless devices, the power supply problems of wearable
devices and the deployment of body area networks have become obstacles to their wide application in the field of health
care. In order to solve the above problems, this paper studies and designs a wearable health medical body area network
which is convenient for human health monitoring and medical care, starting from low-cost deployment of wireless
wearable devices and active control of wireless radiation. Firstly, in order to avoid replacing equipment batteries, improve
the relay and data aggregation capabilities of wireless body area network, and reduce the communication and computing
load of edge devices, a deployment scheme of wireless medical health wearable devices is designed based on the optimal
segmentation algorithm of Steiner spanning tree. Then, in order to minimize the charging cost and maximize the global
charging utility of single source and multiple points in a finite time slot, an approximate algorithm for the optimal charging
sequence based on 01 knapsack problem, i.e., the access path of wireless wearable devices, is designed. Then, an active
radiation control algorithm for wearable medical health body area network is proposed, which can actively control the
transmission power and radiation status of these wireless devices. Finally, simulation results show that the proposed
algorithm is better than battery-powered wireless body area network and wireless rechargeable body area network, 16%
and 44% reduction of devices, 25%和13% reduction of energy consumption, 26% reduction of radiation, and 5.18 and 1.13
times improvement of signal quality.

Keywords Costoptimization .Activecontrol .Radiation .Wirelesschargers .Wearablemedicalhealthcaredevice .Wirelessbody
area network

Introduction

With the development of topology control and networking
technology of wireless body area network [1] [2], the hard-
ware and software [3] of wearable devices have been wide-
ly used. However, wireless body area network nodes have
obvious limitations [4] in power supply, computing power,
communication capacity and so on. Especially, how to co-
operate among complex [5] and heterogeneous wireless

wearable medical and health devices and how to reduce
the system complexity [6] and computing power of wire-
less network are the key and difficult points in designing
medical wireless body area network. At the same time, in
order to improve the quality of user experience and the
commercial competitiveness of wireless wearable devices
and their networks, it is also the key to improve the med-
ical wireless body area network to solve the energy support
and prolong the network lifetime of wireless body area
network.

At present, there are the following challenges in control
and deployment of wearable medical health care body area
network: (1) How to deploy the most suitable edge nodes
and chargers. (2) How to control the radiation of wireless
communication and schedule the edge nodes or chargers.
(3) How to provide the quality of signal guarantee and
network life cycle.

This article is part of the Topical Collection onMobile & Wireless Health

* Yong Jin
jinyong@cslg.cn

1 School of Computer Science & Engineering, Changshu Institute of
Technology, Changshu 215500, China

Journal of Medical Systems (2019) 43: 137
https://doi.org/10.1007/s10916-019-1254-0

http://crossmark.crossref.org/dialog/?doi=10.1007/s10916-019-1254-0&domain=pdf
mailto:jinyong@cslg.cn


www.manaraa.com

in this paper, by enumerating all the communication paths
of wireless body area network, we define a bottleneck Steiner
tree problem and its approximate algorithm on the European
plane, to deploy the least wireless charger, to improve the
quality of user experience of medical health monitoring ob-
jects. Next, we design a global optimal access path, which can
start from any single source point and find out the optimal
charging sequence within a limited time slot, that is, the access
sequence of other vertices, to minimize the charging cost and
maximize the global charging utility. Then, we design an ac-
tive radiation control algorithm for wearable medical and
health body area network, which can actively control the
transmission power and radiation status of these wireless
devices.

The rest of the paper is organized as follows. In
Section BRelated work^, we give the related work.
Section BDeployment algorithm of wearable medical
health device^ describes the deployment algorithm of wire-
less wearable medical health devices based on Steiner tree
problem. In Section BLow cost charging algorithms^, we
present the low-cost charging algorithms with dynamic
Traveling Salesman Problem. Section BActive controllable
radiation algorithms for wearable medical health body area
networks^ shows the active controllable radiation algo-
rithms for wearable medical health body area networks.
Section BExperimental analysis and verification^ presents
the simulation results, and concluding remarks are given in
Section BConclusions^.

Related work

About Wearable Body Area Network, Gao G P et.al pro-
posed a wearable circular ring slot antenna with electro-
magnetic bandgap structure for wireless body area network
application [7] and a new type of the wearable aperture-
coupled patch antenna for 2.4 GHz wireless body area net-
work (WBAN) application [8]. The authors of article [9]
investigated the impact of introducing an additional sub-
strate in order to improve the antenna performance,
shielding effect in terms of SAR and degree of wear ability,
in comparison with the standard topology. However, how
to supply the power energy for the nodes of WBAN is lack
of in-depth research.

About medical health care device, the article [10]
researched the operational details of the instrument along
with a brief review of the relevant literature. The authors of
article [11] developed an air bio-battery for healthcare and
medical applications, consisting of a glucose-driven enzy-
matic biofuel cell using a direct gas-permeable membrane
or a gas/liquid porous diaphragm. The effective multi-step

approach was proposed in article [12] for the identification
of a ‘purpose-specific active applicability window’ to max-
imize the antimicrobial activity of medical devices contain-
ing silver nanoparticles, minimizing any consequent risk
for human health. However, how to manage and control
the medical health care device and networking is still a
problem.

About deployment of wireless chargers, in article [13], a
hybrid optimization algorithm for energy storage manage-
ment was proposed, which shifts its mode of operation
between the deterministic and rule-based approaches de-
pending on the electricity price band allocation. The pro-
posed methodology by article [14] combined multiple
sources of heterogeneous real-world data for the sake of
deriving insights that can be of a great value to decision
makers in the field. However, the above researches ignored
the wireless charging cost in WBAN.

About radiation control, the authors of article [15] outlined
the design of a piezoelectric line moment actuator used for
active structural acoustic control. In article [16], the authors
developed to model particle fluxes of secondary cosmic radi-
ation in the Earth’s atmosphere, and calculated the character-
istics of radio waves emitted by excess negative charge in an
electromagnetic cascade. The article [17] provided a survey
and tutorial of electromagnetic radiation exposure and reduc-
tion in mobile communication systems. However, how to ac-
tive control the radiation in WBAN not only considering the
wireless signal quality but also the radiation safety for Human
is a key issue.

Deployment algorithm of wearable medical
health device

With the wide application of Internet of Things, big data
and cloud computing in medical, entertainment, military
and industrial fields, people gradually pay attention to the
application development and theoretical research of porta-
ble wireless devices and small-scale networks. Especially,
with the reduction of production cost and the improvement
of edge computing ability of various medical sensors,
micro-cameras and portable medical devices, people have
turned their attention to the research and development of
wearable devices and their networks, such as personal area
network, home care network, portable emergency network
in public places and fast telemedicine vehicle network.
Portable medical and health equipment with strong adapt-
ability, high generalization and strong networking capabil-
ities, the application of wireless body area network in med-
ical monitoring, health care and remote first aid has been
widely concerned. However, the above-mentioned medical
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body area network has the following challenges to be
solved urgently:

1. In wireless body area network, the power supply of the
node is limited, and it is difficult to change batteries or
wired charge these wearable devices because of the lim-
ited behavior of the monitored person.

2. The computing and communication abilities of the medi-
cal health monitoring edge devices mentioned above have
obvious limitations. How to design the cooperation
framework between the edge devices is the first problem
to be solved.

3. In view of the limited energy and computational commu-
nication capability of the edge devices of wireless medical
health monitoring, how to control the radiation of wireless
devices to reduce the impact on the body of the monitored
while extending the network lifetime as much as possible
has become the key difficulty of wireless wearable med-
ical health body area network.

In order to solve the energy shortage problem of health
medical edge devices in wireless body area network, we
will deploy a series of wireless chargers on the body and
indoor environment, then form a charging network. The
wireless charging network can avoid replacing batteries,
and can be used as relay or sink nodes to reduce the com-
munication and computing load of edge devices. Figure 1
shows a health care body area network application based
on wireless charging network. Among them, several wire-
less chargers are deployed on the body of the monitored
person, and several wireless chargers are deployed in the
indoor environment. These chargers can charge edge de-
vices and transmit medical health data.

In Fig. 1, suppose a monitored object deployed an inde-
pendent self-organizing wireless body area network on each
person. Each body area network deploys b wearable medical
health edge devices (blue solid circle representation) and t
wireless chargers (black solid rectangle representation). At
the same time, j wireless chargers and c wireless base stations
are deployed in the monitored environment.

The possible forwarding paths of medical monitoring data
are as follows:

& Path 1, wearable edge device is sent to wireless charger,
forwarded to base station and arrived at server.

& Path 2, the wearable edge device is sent to the base station
to reach the server directly.

& Path 3, wearable edge devices are sent to the wireless
charger in the environment, forwarded to the base station
and arrived at the server.

& Path 4. Wearable edge devices are sent to wireless char-
gers, forwarded to wireless chargers in the environment,
forwarded to base stations and arrived at servers.

Fig. 1 Application of Wireless Charging-based WBAN

Fig. 2 edge segmentation
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The difference between the above paths lies in the de-
ployment and invocation of the internal wireless charger
and the external wireless charger in the wireless body area
network.

In order to improve the user experience quality of med-
ical health monitoring objects, we define the above prob-
lem as a bottleneck Steiner tree problem on a European
plane, and design an approximate algorithm to get an op-
timal solution.

On the body of the monitored person shown in Fig. 1, some
edge devices for medical health monitoring have been de-
ployed, defined as set P. It is hoped that by deploying k wire-
less chargers, the longest side of P set will be the shortest. The
distance between any two points on set P is measured by
Euclidean distance, and the value is greater than 0 and less
than 2 m at the same time.

PIII.A (Deployment Problem of a Limited number of
Chargers, DPLC) Given a set P and a positive integer k, a
Steiner tree on P with at most k Steiner points is obtained to
minimize the length of its longest edge.

We design an approximate algorithm with constant approx-
imate ratio to solve PIII.A problem based on the optimal seg-
mentation algorithm of Steiner spanning tree.
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Theorem III.A Algorithm III.A is the solution of DPLC with
(1 + lnγ). Here, γ is the maximum length of OD.

Proof:

As shown in Fig. 2, defind function f (A) = jOA�!j, A is a
selected Steiner point, representing the length of the cover on

the vector jOD�!j. f(A0) = 0 means that the length of cover is 0
when no Steiner point is added. f(A) is a submodular function.

f Að Þ þ f Bð Þ ¼ f A∩Bð Þ þ f A∪Bð Þ:

Algorithm III.B chooses A1, A2,…, Ag, and put it in A. For
each i = 1, 2,..., g. Denote Ai = {A1, A2,... Ai}.

The minimum set of Steiner points means that the optimal
solution is C1, C2,..., Cm, m is the number of Steiner points
contained in the optimal solution of the minimum Steiner
point problem.

According to algorithm III.B with greedy, Ai + 1 cover is not

the longest vector jOD�!j part of Ai cover. Ui is a sub vector in a

vector jOD�!j that is not covered, then jUij ¼ jOD�!j− f Aið Þ.
Because Ui can be divided by m Steiner points, according

to the pigeonhole principle, there must be a Steiner point Cj is

at least jOD
�!

j− f Aið Þ
m length covered by the jAiC j

��!j of Ui.
Then,

f Aiþ1ð Þ− f Aið Þ≥ jOD�!j− f Aið Þ
m

⇒ f Aiþ1ð Þ≥ f Aið Þ þ jOD�!j− f Aið Þ
m

⇒− f Aiþ1ð Þ≤− f Aið Þ− jOD�!j− f Aið Þ
m

⇒jOD�!j− f Aiþ1ð Þ≤ jOD�!j− f Aið Þ− jOD�!j− f Aið Þ
m

⇒jOD�!j− f Aiþ1ð Þ≤ jOD�!j− f Aið Þ
� �

1−
1

m

� �

After i + 1 recursive iteration, we get that,

⇒jOD�!j− f Aiþ1ð Þ≤ jOD�!j 1−
1

m

� �iþ1

because, jUij ¼ jOD�!j− f Aið Þ,

jUij ¼ jOD�!j− f Aið Þ≤ jOD�!j 1−
1

m

� �i

≤ jOD�!je− i
m :

In addition, the length of Ui coverage decreases from jOD�!j
to 0, so there must be a positive integer i ≤ g for ∣Ui + 1 ∣ <
m ≤ ∣Ui∣.

When algorithm III.B iterates to i + 1, only m-1 elements
are left uncovered at most. Therefore, after another iteration of

m-1, greedy algorithm III.B will terminate, that is, there isg ≤

i +m. In addition, m≤ jUij≤ jOD�!je− i
m, so i≤m⋅ln jOD

�!
j

m . Here,

γ ¼ jOD
�!

j
m , so i ≤m ⋅ ln γ and g ≤ i +m ≤m +m ln γ =m(1 +

ln γ), namely, g
m ≤ 1þ lnγð Þ.

Theorem III.A Proofed.
The above algorithm solves the problem of wireless char-

ger deployment on the monitored person. An improved algo-
rithm III.A is presented below to solve the problem of wireless
charger deployment in the monitored person’s active
environment.

ST is defined as the set of all possible states of the environ-
ment, X is the set of all perceived data of the monitored per-
son, A is the set of all possible behaviors of the monitored
person.

Thus, the monitored person can be described by a triple
tuple MP = <I, TR, PU>. Here, I: S→X×A, expressing the
Integration of Environmental State and Behavior. TR: S→ Ζ+
, denoting the wireless channel Quality of environment.
PU← S ×A, representing the deployment status of wireless
chargers in the environment.

The path measurement of Algorithm III.A is changed to
signal strength and normalized by formula (1).

R xð Þ ¼ ∑
a

i¼1
γxi

V xð Þ ¼ lim
R xð Þ

bþ tð ÞjX j
� �

j→∞

8>>><
>>>: ð1Þ

Low cost charging algorithms

The algorithms in section BDeployment algorithm of wearable
medical health device^ implement the deployment of wireless
chargers in the monitored person and the surrounding envi-
ronment. The deployment scheme not only realizes charging
the edge equipment of medical health monitoring, but also
acts as a relay and forwarding node in real time. However,
how to achieve wireless charging at the lowest cost within a
limited range of charging capacity has not yet been solved.

The wireless body area network shown in Fig. 1 is defined
as the complete graph G = (V, E, C). Vertex set V includes
edge device set ED, body charger set BC, and active environ-
ment charger set EC, namely P = (ED, BC, EC). Edge set E =
e (i, j), where i denotes the starting point of E and j denotes the
end point of E. Cost function C is used to calculate the cost of
one charge. For function C, we give the following description.

(1) ∀e(i, j) ∈ EBC and if i, j ∈ BC, then C(e) = 0; where EBC

means that both ends of the edge are the edge sets of
chargers inside the wireless body area network. The
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charging cost of internal charger in wireless body area
network is 0.

(2) ∀e ∈ E − EEC and preserving the vertices of EBC. Then,

C(e) > 0. Here, Cdata eð Þ ¼ dist eð Þ
SIBC

. SIBC is the signal inten-

sity of the charger per unit distance. Cdata(e) represents
the cost of charging data collection. Cch arg ing = Tch arg
ingBCR. BCR is the working energy consumption of the
charger per unit time. Charging time of edge devices
obeys normal distribution with mean value of 0 and var-

iance of 1, namely, t EDð Þ ¼ 1ffiffiffiffi
2π

p e
EDj j2
2 .

The problem of charging cost minimization can be formal-
ized as follows.

& Solution: xe, e ∈ E, {0, 1}.
& Object: min ∑

e∈E
C eð Þxe; e∈E; xe≜ 0; 1f g.

Additionally, the following constraints must be met:

(1) All edge devices are accessed, i.e., {e ∈ E| xe =
1}∩ {v(ES)} = E. That is to ensure that each edge device
is charged.

(2) The working energy of the wireless body area network
does not exceed the charging capacity constraint of the
charger, i.e., ∑

e∈E
C eð Þxe≤ Emax

BC þ Emax
EC

� 	
∑

e∈BC∪EC
xe. The

total energy consumption of charging all edge devices
does not exceed the total energy consumption of the
charger in the wireless body area network and the char-
ger deployed in the surrounding environment.

(3) Real-time constraints on charging, i.e.,

Ttotal
ED þ Ttotal

BC þ Ttotal
EC ≤ Einit

EDW
. Here, Einit indicates the ini-

tial energy of each edge device and EDW denotes the unit
time energy consumption of the edge device. And, ∀i,
j ∈ ED, Einit(i) = Einit(j).

(4) Uniqueness of Charging Object of Charger. The charger
should be divided into a closed loop as a unit, and divid-
ed into k unwanted loops, that is, the BC contains k
independent charging loops, such as BC1,..., BCk.

Among them, ∀e i; jð Þ∈El
BS; i; j∈El

BC ,j = (i + 1) mod

∣ BCl ∣ , l = 1, 2, ..., k. And, ∑
k

m¼1
∑

jBCm

q¼1
jBCq

m ¼ 1 denotes

the charger numbered q belongs to and only belongs to a
closed loop.

Therefore, the problem of charging cost minimization is
defined as follows:

PIV.AVisit each vertex within a specified time TL and charge
it; design access paths to minimize global charging costs and
maximize charging utility. Starting from single source point

P1, in m slots, the optimal charging order, i.e. the access order
of other vertices, is solved to minimize the charging cost and
maximize the global charging utility.

The charger will traverse the updated collection

P ¼ P1;P2; :::;Pnf g in the order of accessing it.

charging unitalitymax: ∑
n

i¼1
Ui ¼ max: ∑

n

i¼1
∑
n

j ¼ 2
i≠ j

TPi
charging

Ci; j
:

Notice that, parameter Et j;Pi

RE denote that vary with each

time slot. TPi
charging ¼ Einit−E

t j ;Pi
RE

Unode
. Tdead ¼ Einit

UW
, The time is

discretized. Unit time slot is denoted as Tslot. timeslot number

is m ¼ Tdead
Tslot

. Vertex number is n = ∣ V∣. The path distance

between any two vertices is known and uniquely denoted as

Ci; j≜Ti; j
slot ¼ d i; jð Þ

SIBC
þ ∑

Vk∈Vi; j
TVk
BC þ ∑

Vk∈Vi; j
TVk
EC. Where d (i, j)

denotes the actual distance between vertex i and vertex j.
The above optimization problems need to satisfy the fol-

lowing constraints:

(1) The number of slots allocated to each edge device

EDcharing;i
slot ≥Tcharging; j

slot . Tcharging;i
slot ¼ TPi

charging

T slot


 �
is the num-

ber of time slots required for the first edge device to be

fully charged. TPi
charging ¼ Einit−E

t j ;Pi
RE

EDW
, Eti;Pi

RE represents the

remaining energy of the Pi vertex in the tj slot.
(2) ∑

n

k¼1
EDcharing;i

slot ≤m. The complete solution to the above
problem and its classification are recorded as D_tsp de-
scribed as follows:

(a) The TSP approximation Algorithm IV.A uses greedy
algorithm on graph G and obtains the optimal path.
We set a TSP threshold TTSP. the parameter of TL

denotes the life cycle of the emotional device.
(b) If TL = TTSP, it indicates that the charger can only use

TSP path.
(c) If TL > TTSP, the life cycle of rechargeable equipment

is enough and the charging efficiency of TSP path is
low. At this time, the 01-knapsack problem is
adopted to maximize the charging utility.

(d) TL < TTSP shows that the current state charger cannot
access all chargeable devices within the time con-
straints. The 01-knapsack problem can be used to
maximize charging effectiveness. The whole
Steiner tree is segmented.

The solution to the problem is described as follows:
Firstly, the scale of TSP accessing edge devices is re-

duced, and the tree corresponding to graph G is divided
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into TL
TTSP

l m
sub-trees, then D_tsp is called. The time of

subtree of 1,2, …, TL
TTSP

l m
-1 are TTSP. The time of subtree

TL
TTSP

l m
is mod ( TL

TTSP
). Thus, TSP solution algorithm of

greedy would be executed on subtree 1, 2,..., TL
TTSP

l m
-1.)

Algorithm IV.B for 01 knapsack problem aiming at maxi-
mizing charging utility would be invoked on subtree

TL
TTSP

l m
.

Theorem IV.A As the solution of 01-knapsack problem, the
approximation ration of Algorithm IV.B with greedy is small-
er than 2.

Proof:
Let opt denote the objective function value of the optimal

solution, and CG is the objective function value of the approx-
imate solution generated by algorithm 2.C, then the approxi-
mate ratio does not exceed 2, that is opt<=2CG.

Assuming that ∑
n

i¼1
ci ¼ C, then CG = opt. A knapsack can

pack everything.

Suppose ∑
n

i¼1
ci > C, j i s an integer obtained by

algorithm 2.C. The following inequalities can be obtained,

∑
j

i¼1
ci≤opt.

The maximum value ĉ≥opt of linear programming can be
obtained by replacing xi = 0 or 1 with 0 < xi<1,

xk ¼

1; k ¼ 1; 2; :::; j

C− ∑
j

i¼1
ci

c jþ1
; k ¼ jþ 1

0; k ¼ jþ 2; jþ 3; :::; n

8>>>><
>>>>:

, opt≤ ĉ ¼ ∑
j

i¼1
ci þ v jþ1

c jþ1

C− ∑
j

i¼1
ci

� �
< ∑

j

i¼1
ciþ v jþ1

c jþ1
c jþ1 ¼ ∑

jþ1

i¼1
ci. So, ∑

j

i¼1
ci≤opt < ∑

jþ1

i¼1

ci and CG ¼ max c jþ1; ∑
j

i¼1
ci

� 

≥ 1

2 ∑
jþ1

i¼1
ci > 1

2 opt, namely,

opt
CG

≤2.
Theorem IV.A Proofed.

Active controllable radiation algorithms
for wearable medical health body area
networks

Wireless communication devices such as wearable edge de-
vices, chargers and chargers deployed in the surrounding en-
vironment, which are deployed on the monitored person’s
body, will produce certain radiation. If not controlled, it will
affect human health. Therefore, how to actively control the
transmission power and radiation status of these wireless de-
vices has become a key technology.

Based on the triple description of the monitored person in
section BDeployment algorithm of wearable medical health
device^, the following is redefined:

1. Described by tuple < I, TR, PU, T > .
2. I: S←X *BC, which represents the fusion of radiation

state and charging behavior of edge devices.
3. TR: S← Z+, indicating the radiation status of wireless

chargers deployed in the environment
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4. PU← (S,A)*S′, where S′ ⊆ S represents the radiation sta-
tus of an independent wireless body area network.

5. T: t← f(x,t)*S′, which indicates the radiation state
transition.

The radiation state value function RD (v, t) has the proper-
ties shown in formula (2). These three forms are defined ac-
cording to the transmission power of wireless devices.

RD tð Þ ¼ ∑
∞

t¼0
PUt

RD x; tð Þ ¼
ffiffiffiffiffiffijT jp

∑
jX j

i¼1
f x; tð Þ

RD tð Þ ¼ lim
t→∞

TS⋅PU
jX j

� �

8>>>>>>>>><
>>>>>>>>>:

ð2Þ

We design an active strategy to minimize radiation while
meeting the requirements of section B3 and 4^. We use the
inverse method to obtain the desired active radiation control
strategy. If the feasible active controllable strategy is η, the
value of S in the radiation state is,

RDη
S tð Þ ¼ ∑

T

t¼0
η V ; tð Þ∑

S
0
RD x; tð Þ ð3Þ

Formula (3) can ensure that the radiation value obtained by
adopting strategy η does not exceed the threshold value.

The radiation master function SC (η, t) denotes the expect-
ed radiation value of the radiation state S after the execution of
the master control behavior when the strategy η is adopted.

SC η; tð Þ ¼ Eη ∑
T

t¼0
V x; tð Þj‖R xð Þ‖ > 0; x∈S

0
� 


ð4Þ

When implementing strategy η, the same radiation state
value may occur many times. The update of radiation state
value in each iteration can be used as prior knowledge for
active control in the next iteration, such as formula (5).

ηt−k sð Þ ¼ max X jVηt−1 s
0

� �
∑
s0
RDt

s0

( )
ð5Þ

Using formulas (6) and (7) to update the radiation state
value in strategy ηwill help to optimize the transmission pow-
er of wireless edge devices.

TRηt sð Þ ¼
∑
a
ηt−k ⋅ f s; tð Þ
jI ts0 j∑

s0
RDt

s
ð6Þ

SCt−K ηt; Tð Þ ¼
∑
∞

t¼0
PUt

max
s∈S0

TRηt sð Þ ð7Þ

The process flow of heuristic algorithm used to implement
the above process is shown in Fig. 3, and the code is described
as follows:

Experimental analysis and verification

Based on the wireless body area network model shown in Fig.
1, the nodes have been deployed as shown in Fig. 4. The
location of the wireless sensor node is completely referred to
in Fig. 4. Here, it is assumed that all sensor nodes have the
same battery capacity and can be charged wirelessly. In the
simulation, the trajectory of the experimenter obeys Poisson
distribution, and the change of body posture obeys Markov
chain model. In the experiment, only static, walking and

Strategy 

active control the radiation

Optimizing the 

transmitting power 

iteration
Radiation State Value 

Function RD (v, t) t

t

,t K tSC T

Fig. 3 active control algorithm the radiation
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jogging were considered, and their steady-state probabilities
were set to 0.2, 0.35 and 0.45, respectively. The simulation
parameters are shown in Table 1.

In the experiments, we defined the following three
schemes,

(1) WBAN-batteryAlone indicates that a wireless body area
network node consists of an energy-constrained battery-
powered node and a sink node.

(2) WBAN-chargingAlone indicates that wireless body area
network nodes are composed of energy-constrained bat-
tery-powered nodes, some chargers and a sink node.

(3) The wireless body area network represented by WBAN-
proposedAlgs consists of path and communication opti-
mized edge nodes, wireless chargers and sink nodes.

Based on the code of Chapter 14 in Ref [18], titled with BQ-
learning-based routing method for wireless body area
networks^, we implemented the above three algorithms using
MATLAB and C++ and verified them by statistics of Network
Topology, Energy Consumption, Radiation Intensity and
Signal Quality, etc.

Figure 4 shows the network topologies of WBAN-battery
Alone, WBAN-charging Alone and WBAN-proposedAlgs re-
spectively. Analyzing Fig. 4, WBAN-battery Alone deploys
25 energy-constrained battery-powered nodes, one sink node.
WBAN-chargingAlone deployed 21 energy-constrained bat-
tery-powered nodes, four wireless chargers and one sink node,
which reduced the number of health monitoring nodes by
16%. WBAN-proposedAlgs deployed 14 edge nodes, 4 wire-
less chargers and 1 sink node after path planning and commu-
nication optimization. Compared with WBAN-battery Alone,
the medical health monitoring node decreased by 44%.

Figure 5 shows the energy consumption ratios of sink
nodes in three schemes based on distance and active edge
node rate. Figure 5a shows that with the increase of commu-
nication distance between edge nodes and sink nodes, the
energy consumption ratio decreases gradually. This is because
cooperative communication and relay forwarding between
edge nodes can help to reduce the received signal energy of
sink nodes over long distances. However, the performance of
WBAN-batteryAlone scheme is the worst, because the energy
of edge nodes is limited and can not pay too much energy for
the ultimate forwarding, thus not participating in or less par-
ticipating in end-to-end cooperative communication. WBAN-
chargingAlone scheme deploys some wireless chargers, so
relay nodes actively participate in relay forwarding, and wire-
less chargers can be used as auxiliary nodes of sink nodes,
thus effectively reducing the energy of sink nodes to receive
signals. However, the deployment density of edge nodes and
wireless chargers inWBAN-chargingAlone scheme is relative-
ly high, and the signal radiation between them will seriously

Sink

(a) WBAN-batteryAlone

Sink

Charger

ChargerCharger

Charger

(b) WBAN-chargingAlone

Sink

Charger

Charger

Charger

Charger

(c) WBAN-proposedAlgs

Fig. 4 Node deployment topology

Table 1 simulation parameters

Parameter Value

bandwidth 2 MHz

Wireless transmission rate [121, 486] kbps

Energy Consumption in Wireless Transmission 0.65uw

Node number 20

Number of personnel 6
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reduce the received signal quality of sink nodes. To avoid this
problem, the cooperative communication contribution of
wireless chargers will inevitably decrease with the increase
of the cooperative proportion of edge nodes, so the received
signal energy consumption of sink nodes in this scheme is
only lower. It dropped by 10%. In contrast, WBAN-
proposedAlgs solves the problems of the above two schemes
well, and the received signal of sink node can save 28% en-
ergy. Figure 5b shows the performance of the three schemes
with the increase of active edge nodes. The WBAN-
proposedAlgs scheme saves 25% and 13% energy compared
with the WBAN-battery Alone scheme and the WBAN-
charging Alone scheme, respectively.

The abscissa of Fig. 6 shows the distance between the
transmitter and the receiver of the wireless monitoring signal.
Longitudinal coordinates represent the radiation intensity of
the wireless communication process. From Fig. 6, we can see

that WBAN-batteryAlone scheme is more than 40 uW/cm2 in
order to improve the transmission quality and robustness of
wireless monitoring signals, and it is very likely to cause harm
to human body. The radiation intensity of WBAN-
proposedAlgs scheme and WBAN-charging Alone scheme
is within the acceptable range, but the radiation intensity of
WBAN-proposedAlgs scheme is 26% lower than that of
WBAN-chargingAlone scheme.

Figure 7 illustrates the life cycle support capabilities of the
three schemes. It can be seen that the wireless signal quality of
WBAN-batteryAlone scheme increases slowly with the in-
crease of active nodes. It should be noted that the network
lifecycle analyzed in Fig. 7 considers not only the topological
integrity of the network, but also the transmission quality of
the wireless medical health monitoring signal. WBAN-
chargingAlone scheme has been greatly improved in network
life cycle and signal quality due to its rechargeability and
multiple sink auxiliary nodes. However, the available signals
ofWBAN-proposedAlgs scheme are 5.18 times and 1.13 times
higher than those of WBAN-batteryAlone scheme and
WBAN-charging Alone scheme, respectively.

Conclusions

In order to reduce the communication and computing load of
wearable devices, improve the efficiency of wireless network
execution and the lifecycle of body area network, and com-
bine the application requirements of human health monitoring
and care with the actual deployment environment, this paper
studies a series of algorithms and schemes of low-cost power
supply for radiation controllable and wearable devices in wire-
less body area network. Our main contributions include: (1)
By deploying some wireless chargers as relay nodes and data
aggregation roles in wireless body area networks, an
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approximate algorithm and its deployment scheme for wire-
less health wearable devices are designed based on the optimal
segmentation algorithm of Steiner spanning tree, which can
effectively reduce the communication and computing load of
emotional edge devices. (2) Based on the single-source multi-
point path planning and time constraints, an approximate al-
gorithm for the optimal access path of wireless wearable de-
vices is designed to minimize the charging cost and maximize
the global charging utility. (3) On the basis of reducing de-
ployment cost and providing energy support, an active radia-
tion control algorithm for wearable medical and health body
area network is designed to actively control the transmission
power and radiation status of wireless devices. Based on the
deployment of wireless wearable devices, energy consump-
tion of data collection, radiation intensity and signal quality,
the simulation experiments compare and analyze battery-
powered wireless body area network, wireless rechargeable
body area network and radiation-controlled wireless recharge-
able medical and health body area network. The results show
that the proposed algorithm and its scheme are effective, such
as 16% and 44% reduction of devices, 25%和13% reduction
of energy consumption, 26% reduction of radiation, and 5.18
and 1.13 times improvement of signal quality.
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