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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
d 5 methods. In order to predict missing values, a missing data estimation model based on LSTM recurrent
MJJ 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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G50k oy p Wl pb 650k il 6y 90
:rg.l)‘«) ubg‘r..m...s
w € [0.4,09]
c; €10,2]
c, €10,2]
QAP

\.b‘u.udj.n )‘é).g J?“" O @L&b)‘o}: ‘nl_xfj_m 9t
5 yo O Solai goae oy g0 pl lacl I SG e
el S i LSS

rij~u(0,1) i € {1,2}

am
.Q...»J‘TZ Lu 121 )‘éﬁ ‘Q‘J 5@7'” )‘ 05..4.&9

AP "R S PR ) 3 gy | W

&



95 Sgue

=

Me a3 )emawd )l (Gl sl 39l )

BOE AL &b »3 e U paw 5 S s SLBASID ) Sl @S

i

gl gy el polie b1y Sl (WD 31 SO

o eadesnlin polie JS Sl 4 peiS o
o OQ‘QA.CM

hr = 91, Resp = 20, spo2 = 100,
abps = 121,abpd = 62,abpm = 81
QAY;

LQQT GilwJbo s 4 daosls QM)J)J;AJML{LQ &l
I At ¢ aneS ol a5 &gornay eslo oo
505 1y omSles daools  oled 5l G cdis> ool

oS 50 oS Hline Bl il
x —mean(x)
Xnormalized = T

QAD!

g o ooliwl 8590 gbd Il -F-F
JRles hagh (nl gedee b lai e SV () b
@l taelie 5 giluans ey (lea b
&y g olaz! glaalbuls Cle ab ol
Ollos was o ojlal a4 o)l gladbarwg Jls
Sl e ot )5 g d Lzl (gl 5l S e (P>
SdlS Gl )lS g els sleools gy
Lly g (31 pew i slolpl drwg Jods oyt

sl 5l 51 emmslin olas (S31S (68

2Ll gyl -0-F
ooliiul o5 byl sl Jlme aw Jgors jsboay
(RMSE) aiy, Slupe oSle glhas 5d
sl sy (2 Ske (MAE) slas slhs Sl
sz )lel gl jspede sl slxe 45T (MAPE) (3llas

Ivagyolocas ooin o Shee mbis

n
1
RMSE = —Z(xi —2)?
ni=1
(Vo)
n
1
MAE = — lei _J?i
n .
i=1
")
n
1 X _5C\l'
MAPE = — Z |— x 100
n 4 X
i=1
Y

3 slasgeze jo 1) lallhs  lawgie 53lail MAE
rSoilul lag] caz (285,105 (e e
SrSoill 1) cds atugy slapiie lp g WS
plad a5 S cpl 4wl as 600 MAE L0S o
el (S39 eSle 50 Solaw yeb & (63,8 slalis

2V 2 ¥ ol FeY Jlo

camslio 8 4SS 51y ool S¥olae 4 455 b
Sgage 4 el oty aid sl polie o e
plosl gilwdigy ool 5l eolatul b bl polie
(V) IS5 5o Lo o oSl (IS Ll ojlo oo S
ol oke]

Error! Reference source  jisw ;o 45 4565 ylon
> o g0 Jolis ,5 szl =l ol S3n0t found.
5 Ay SO Cewdt Al e aS cl pueS el Lol
S5 oleiday ooy sl 5l Al ye ja 50 pgs Al e
Sbed s 5o (G 58 Sluisl bowsdiee
i walgs L golgiing oS

s g 2Ll -F

O codboolaiwl (groslodegasma ol sy cpl o
b)) @l glag b ol o 5 2b)l slojlns
el ;S 18 g 090 ooleiday 9,805,

o293 Axol> —)-F

Ohlewm 1 o, b MIMIC-1TT Waveform ssls olSSL
Ololig g GYLS )5 85y lacudle Gisu )0 (6w
G g odlans Allar (Sjglssd JLSw oo
s glp el 005 5pglaex Sl @D Sl
solanal () 51 o8l sla el pns g 65l
o, r"-’-‘"‘?—"

By Aiged —V-F
695 89! Gialesl o lgs g Waosls oy e Jdoas
a5 oolsacgezme (pl 3l jlows aall Lislesl 4y daosls  oles
99> EgoTme,d
392 553 iemS] oS ol oy Jalts o] Sl
el Sl 2 Gloy (ym slal aoys slids 5 saiuy

e 5 aie Gy dols YVeoeoo

ooliiwl e liel glp 1y o sl duoys o g )90l
saly Jliecaad sgas Jold a5 S0 Jlaws o 5l g .S oo
sl e dule g 0o Lislesl sl canl Slej

oS oo ool o 56l

Lools 0310y ey -Y-F
Lo o038l (69959 L ooldacgomme o yd aS ! Jdoa
oS oo gl 1) S5 0550 (6395 Tl e LS
oolddcgome jo il cawdil polie 05 L A o
L1, B sbals lul &5 Syse nn mbnee
Als 0o pl 4 I oS 0 p el B 0 (Sl
ol lde G SeE b el pwytes
P oo kBl lools w5k ST ies tpiS o0



PSO ,0 ¢ il il :(Y- Jgun)
(Table-2): The effect of increasing ¢, in PSO
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(Figure-3): Chart of The effect of increasing ¢, in PSO
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(Table-1): Initial parameters of the model used
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(Table-4): Comparison of the proposed model with other methods
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