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Abstract

In a wireless sensor network (WSN), due to various factors such as limited power, sensor transferability,
hardware failure and network problems such as packet collisions, unreliable connection and unexpected
damage, the amount sensed to the header or base station is not arrives. Therefore, data loss is very
common in wireless sensor networks. Loss of measured data greatly reduces WBAN accuracy. Because
WBAN deals with the vital signs of the human body, network reliability is very important. To solve this
problem, missing data must be estimated. Many methods are used to reconstruct lost sensor data based
on temporal correlation, spatial correlation, interpolation method, or sparse theory. Due to the
characteristics of vital signs data, they can be considered as a series of sequential information. So far,
various methods have been developed to estimate missing data in time series data in different fields.
These methods can be divided into two categories: statistical methods and machine learning-based
methods. In order to predict missing values, a missing data estimation model based on LSTM recurrent
neural network whose network weights are optimized by particle swarm algorithm (PSO) is presented in
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this paper. In this paper, we use the MIMIC-I11 Waveform database to test the algorithm and determine
the algorithm parameters. However, due to the large volume of data and the difficulty of testing the
algorithm on all data, we suffice to test 500 patients with this data, whose vital signs included heart rate,
respiration, blood oxygen, and so on. After data preprocessing, network training, predicting lost values
and calculating error values, it is observed that the proposed technique of sgdm-LSTM By combining
the PSO algorithm is a suitable method for estimating lost values. In addition, experimental results show
that the mean square root error of the estimated value is lower than other methods. This value is 1.5898

with the best LSTM network hyperparameters.

Keywords: WBAN, Deep Learning, Artificial Neural Network, Missing Data, Estimation.
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(Table-2): The effect of increasing c; in PSO
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Methods
Narx NN Deep_Sgdm Deep_Adam'®! Deep_Adam'*! Deep_PSOl!
RMSE YYXPEY | YYYYSY F.rYa8 £.F174 V.eest 1.0AAA
TrainTime(Secs) avay be FYYA AYAY 18 rYevy
PredictTime(Secs) A vy Y'Y I [\
S (6 yitn 283 Lo ooloiin by @l 4 a2 b
6-Reference & o F

[1] L. Pan s J. Li <"K-Nearest Neighbor Based
Missing Data Estimation Algorithm<" pp. 115-
122 <2010.

[2] Z. Gao ‘W. Cheng <X. Qiu s L. Meng «"A
Missing Sensor Data Estimation Algorithm
Based on«" 2015.

[3] R. Kumar <D. Chaurasia <N. Chuahan s N.
Chand <"Predicting Missing Values in
Wireless Sensor Network using Spatial-
Temporal Correlation<" International Journal
of Computer Networks and Wireless
Communications (IJCNWC) «2017.

[4] J. Pagan <"Robust and Accurate Modeling
Approaches  for  Migraine  Per-Patient
Prediction from Ambulatory Data«" 2015.

[5] J. Q. Lin <H. C. Wu 5 S. C. Chan «"A New
Regularized Recursive Dynamic Factor
Analysis with Variable Forgetting Factor for
Wireless Sensor Networks with Missing
Data<" 2017 IEEE International Symposium
on Circuits and Systems (ISCAS) «2017.

[6] Q. Zhen s T. Zhang <"A Missing Data

Estimation Algorithm in Wireless Sensor

Networks«" Boletin Técnico «2017.

L. Zhao s F. Zheng <"Missing Data

Reconstruction Using Adaptively Updated

£ 2le ¥ oLl 1Py Jle

Eran omac A 4z e Ll @yl b gy, ple 4
)0 5k (55el Gl S Sl ploj il ool

ool layls g gusuges -0
o,osdl 5l eolaiwl iegh pl o Lo ol S e
Slp LSTM &is o <y PSO (6,001 ,3
el o Glopdle &8 )il polie Lyt
GrwoS lhs s jebay cudly a5 oy WBAN
Ao &l ojem> nl o alie g g, ple 4 S

el (6 0] gl oK aST canl b o
O Slg Oy edelawdds Olgx 45 aies o
ol gia 8357 00w sy 5l (o5 sl
s ]38l PSSO (6, ull,e o ,61 5 oolazwl b
S g (6 el p A 5 e

Sl 8 plagsy, 5l Gl eanl slagiagy ;o
oo dex | wilbals @11 PSO o IS (pl >



http://dx.doi.org/10.61186/jsdp.21.3.85
https://jsdp.rcisp.ac.ir/article-1-1277-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-11-30]

[ DOI: 10.61186/jsdp.21.3.85]

Deep Learning: A Case Study Analysis of
Yu’e Bao Transaction Data<" IEEE Access ¢
20109.

[21] S. Zhao <Y. Zhang :S. Wang <B. Zhou s C.
Cheng «"A recurrent neural network approach
for remaining useful life prediction utilizing a
novel trend features construction method<"
Measurement <2019.

[22] T. Zhang <S. Song <S. Li <L. Ma <S. Pan s L.
Han <"'Research on Gas Concentration
Prediction Models Based on LSTM
Multidimensional Time Series<" Energies «
20109.

[23] F. Lia <G. Renb 5 J. Lee «'Multi-step wind
speed prediction based on turbulence intensity
and hybrid deep neural networks<" Energy
Conversion and Management «2019.

[24] K. W. Minmin Luo «'Heart rate prediction
model based on neural network:" I0OP
Conference Series: Materials Science and
Engineering <2020.

[25] L. Zhou «C. Zhau «N. Liu «X. Yaos ¢« Z.
Cheng «"Improved LSTM-based deep learning
model for COVID-19 prediction using
optimized approach o Engineering
Applications of Artificial IntelligenceY«YY ¢

[26] H. Farrell <T. Liang <S. Misra <"'DEEP
NEURAL NETWORKS FOR ESTIMATION
AND INFERENCE «" Econometrica <2021

[27] Y. Pan <J. Mu <"Enhancing WBANSs Network
Performance Based on Deep Learning With
Integrated Spatiotemporal Information™ IEEE
Wireless Communications <2024

[28] K. W. Minmin Luo <" A Short-term Time
Series Predictive Algorithm Based on Rolling
Prediction and PSO-SVR:" 2024 IEEE 2nd
International  Conference on  Control,
Electronics and Computer Technology <2024

05 w5 ihas (e 35 5,06 o0 o5 i [YA]
sl o, i Al " Olid (gdese
Jool> saiied glaosls ez (o uile (5,500
slo oy alxe  DNA"4LTS ) slaiolesl ;)
sz (Olnl owlidins ) alne) (JSge 5 (Jobo
AYa¥F YA

oo 5 digme (o caillgl o gomal ol [¥]
(5’LA'> pj)l-c M)w&)l (_ngooL) 0)5])3" ‘gs"”)"’
et N e S sleaSes
e 5 68 st e oS
s 4Sed oyl A el (e
Sk odle aid sl slaosls 0,51 40 Gues
S Ao Km0 S g o
AF-Y AAA

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Dictionary in Wireless Sensor Networks:"
—adls Proceeding of science «2017.

M. S. Saha 5 D. D. K. Anvekar «"Mitigation of
Single Point Failure and Successful Data
Recovery in Wireless Body Area Network:"
International Journal of Network
Infrastructure Security «2017.

D. Sakurai <A. Santana s Y. Kawamura ¢
"Estimation of Missing Data of Showcase
Using Artificial Neural Networks:" IEEE 10th
International Workshop on Computational
Intelligence and Applications <2017.

B. Kim «B. Lee 5 J. Cho «"ASRQ: Automatic
Segment Repeat reQuest for IEEE 802.15.4-
based WBAN:" IEEE SENSORS JOURNAL «
2016.

Y. Kawamura «K. Murakami <A. Santana «T.
lizaka 5 T. Matsui «"Differential Evolutionary
Particle Swarm Optimization based ANN
Training for Estimation of Missing Data of
Refrigerated  Showcase<"  57th  Annual
Conference of the Society of Instrument and
Control Engineers of Japan (SICE) <2018(8).
Y. Tian «K. Zhang «J. Li <X. Lin 5 B. Yang ¢
"LSTM-based Traffic Flow Prediction with
Missing Data<" Neurocomputing <2018.

S. Ghazal <M. Sauthier «D. Brossier <W.
Bouachir <P. Jouvet s R. Noumeir <"Using
machine learning models to predict oxygen
saturation  following  ventilator  support
adjustment in critically ill children: a single
center pilot study<" PLoS ONE «2018.

H. Cheng <Z. Xie <L. Wu <Z. Yu 5 R. Li «
"Data prediction model in wireless sensor
networks based on bidirectional LSTM:"
Wireless Communications and Networking «
20109.

S. Mujeeb <N. Javaid <M. llahi <Z. Wadud «F.
Ishmanov 5 M. K. Afzal <"Deep Long Short-
Term Memory: A New Price and Load
Forecasting Scheme for Big Data in Smart
Cities<" sustainability <2019.

R. Zhang <Z. Chen ¢S. Chen <J. Zheng «O.
Buyikoztirk s H. Sun «'Deep long short-term
memory networks for nonlinear structural
seismic response prediction<" Computers and
Structures «<2019.

F. Rundo «"Deep LSTM with Reinforcement
Learning Layer for Financial Trend Prediction
in FX High Frequency Trading Systems:"
Applied Sciences «2019.

K. Yan «X. Wang <Y. Du «<N. Jin «H. Huang s
H. Zhou <'Multi-Step Short-Term Power
Consumption Forecasting with a Hybrid Deep
Learning Strategy«" energies «2018.

Y. Li <H. Wu s H. Liu <'Multi-step wind
speed forecasting using EWT decomposition,
LSTM principal  computing, RELM
subordinate computing and IEWT
reconstruction<" Energy Conversion and
Management «2018.

X. Yang ¢S. Mao «H. Gao Y. Duan 5 Q. Zou «
"Novel Financial Capital Flow Forecast
Framework Using Time Series Theory and

Y 2l ¥ oLl iFeY Jl


http://dx.doi.org/10.61186/jsdp.21.3.85
https://jsdp.rcisp.ac.ir/article-1-1277-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-11-30]

[ DOI: 10.61186/jsdp.21.3.85]

95l S

=

EIMe &b )35l oIS 3,91 s @)

2
g.
;
)
3
3,_
3
:
4
3

14

YV e2be ¥ ol VoY Jlo

35509, Sy Al vaagd bolsT g plas o5l pes [YY]
L by s Smoim Sileane ¢lr 3
Al daosls g wdle bjlop anlilad YL 4 ,e
ATV NPT Slxas F o )leis VO

bl oo (comlilplie 5 S geils [¥Y]
Sl S slrosls ;o oaied slassls oo, "
al> doosls g WMe u3lo  delilad Mo paaiedi>
AF) £V Slras F o len VA

5l Ja 1" i s o 5 ol sl
Sk s Gmgin slr S <S5
Sy 9 Oletdy lp GeesS) boln
b daesls 5 Mo ijlsy dslilab s ISl 3
AF) FY-Y Glorio o) o )les 14

Sl o 5 gnds 4iyemo
Sl g @8 grio oRuils jLisls
Sl olasl, AL
el | olis IS lgzeasls

Slegoge 4 weaddle ol
Gl pgad (o3ls p deosla S 5 il co
5l el le lagl &Ll glas

shamsi@qut.ac.ir
a o o o e i
-l ke 09 S pde g bl
[\ = Ll @8 o JRils panlS
\ 2
~\ ~ Slegdge a4 dieddle Ll

el Ll 2o il g K5 yo o Ay sloaslol
5l el le lagl &Ll glas
mohajjel@qut.ac.ir

) ol S ol il

a SETE e 5,50k g o slaaSit (54

) el e oLl Aol e

ebrahimi.a@qut.ac.ir


http://dx.doi.org/10.61186/jsdp.21.3.85
https://jsdp.rcisp.ac.ir/article-1-1277-fa.html
http://www.tcpdf.org

