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1 Stroke
2 Neurological
3 Ischemia
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4 Hemorrhagic
5 Balance
6 postural
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7 Stabiometric



00 51 JulS sr o sy S Sonls slo sl aalllan U (YorY) OiSan 5 oL ol 4,5 5 ) 2550
S SS a BLi omes 0T Lilesls &bl Slej o) s a3 5 i D) poty Sl 5 bt o8 g 53 53 el
g5 5 b S5 o 5 S8 e 03 B o e e (S L Lo SO ol sla sl 5 185 Y4
S 3lizad Ly S ol 5 e Ol 30 51 I 3, ae (Y008) 0L 5 5 i3 S e oSS e
Slasarls & Lty e ool 4 LOT L3S Uiyl 05,55 pons ot s ssbion " S s sla s
ors s d S (Y14) DLl 5 (Jdes o Sl atees LIS sla S5 3550 53 (935000 Sledbl e ot Sl
Ga LS e S Sl 4 s Olslan Cand s S8 50 Sos s Sor S T e 50T SEE Sl eslizad b 1
b s Jyeme sbay alaly opl 65K Sl 5550 3 Low 5 Cands JES 3 e 3,555k B o g addlae ) )
MEDLINE 5l eslizal U ok sl 5 malr ooy 3238 o 053 b o PND T s 3555 g1l o il
I3l g 0bsl by bdes & Ldee o 555505k & das e OLES dalsd a3 5o dbpe SAeSLI 5 i ol
GOl Gub 3l med 35553 4 dms o 0L dalsd Wlmcpl bl oo indy S8 ln s plonil 585
03 e e plsiCenlis 4 mee CLEI PN JWKEL 51 (65l il o0 Comnl (glyls sl i (6l 0 & FECIY
5 SSe s gy Olasl 3,555k 5 S dai, Tos a SeS Gl e adlee pl s algns s S
gy S S8 5 e SEm0l 5 S a5 5358 e PN Lo 5 sl Sae o8 5855 1 g 05T 255554
Wl edd 1 o clani Sl ol b 0ll 0 Camds JES sl o (Vo7) Oas 5 LGS ol o3
tlis 5> 6,503 Sl Al 5l a5 S e S e el Ol | oSl 2 S 4 addllas ) gl Ll s
s J S 53 el S Gl iy o5 (YoT)) DS 5 g S o S8 S o eslinl | e (53505l |
3 AL el U5 s Shee @lie ool 53 38 Wl e e slapesile 5 s IS e pe 4 Sae 1l
Dl 53 (o8 0Some LIl it/ 5L i) ol Saws e Sunds Sl 52 e U Ok b 5 NS sl
JAS 5 MS 558 55 55 Guilsls Jbs G L iy sladaly ool ad U5l PWMS i gy 5 S 5
ol (SoolSe pbline o3Us35 13 sl SLES1 5l Gl So3lll L 5 sy 3 Shee s L5
2 ks by, Sl s e lld 3 353 e b Oblies Lo awglie 53 PWMS sy LI s CSP
Sl Ol a3 sl F (YY) OLan 5 1 sdsls ols LS 1) 65 i ol Gy (s s OVLS 55 b anslis
YA g sameys lis ool 5338 L5l Ol OV 55 53 Oalisl 5 e 33 fnds RS 2 1) (S o 5 655
S e Dl el (9) G5 Dl Sl s (W) 058 50 4 Bolad sk Jle YF i S0Le b eanses 2
350 350 G5 Sl esliad booslil b G 5 et Candy 53 cpped Sl day 5 8 OIS ES 18 Cand s LA e

i edalie axllze 3,90 a;;jéo.;.:)) W} uL»L.u).» L;LQJ:.&’LA)\ &@A LS‘J" ng‘bw C)}Lﬂ.’? pﬁ;)lf; L;yl..y.))l

8 Postureography

9 Sensory afferents

10 peripheral neuropathy
11 Multiple sclerosis

12 Neurotypical
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13 Autism spectrum disorder (ASD)

14 Immunofluorescence (IFA)

15 postural Stability (PS)

18 Limits of Stability (LoS)

17 Modified Clinical Test of Sensory Integration of Balance (mCTSIB)
18 Bjodex Balance Syste (BBS)

19 Balance Error Scoring System (BESS)

20 photogrammetry
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21 Convolutional Neural Network (CNN)
22 Convolution

23 pooling

24 Fully connected
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25 Relu

26 _eaky-Relu
27 Max-Pooling
28 Mean-Pooling
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Layer Layer type Size and Number of Qutput value Padding
number filter filters
steps

1 Convolution1 12x1/8x1 16 1034x16 yes
2 Poolingl 2x1/2x1 16 517x16 no
3 Convolution2 3x1/2x1 32 517x32 yes
4 Pooling2 2x1/2x1 32 258%x32 no
5 Convolution3 3x1/1x1 64 258x64 yes
6 Pooling3 2x1/2x1 64 129x64 no
7 Convolutiond 3x1/1x1 80 129x80 yes
8 Pooling4 2x1/2x1 80 64x80 no
9 Convolution5 3x1/1x1 80 64x80 yes
10 Pooling5 2x1/2x1 80 32x80 no
11 Convolutioné 3x1/1x1 80 32x80 yes
12 Pooling6 2x1/2x1 80 1680 no
13 Convolution7 3x1/1x1 80 16x80 yes
14 Pooling7 2x1/2x1 80 8x80 no
15 Convolution8 3x1/1x1 80 §x80 yes
16 Pooling8 2x1/2x1 80 4x80 no
17 Convolution9 3x1/1x1 80 4x80 yes
18 Pooling9 2x1/2x1 80 2x80 no
19 Convolutionl0 3x1/1x1 80 2x80 yes
20 Pooling10 2x1/2x1 80 1x80 no
21 Fully-connected 100 100
22 Softmax 2 1 2
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Parameters Search space Optimal value
Optimizer RMSProp, Adam, Sgd, Adam
Adamax, Adadelta
Cost function MSE, Cross-entropy Cross-Entropy
Convolution layers 3,5,6,10,15 10
Filters in the first convolution 16, 32, 64, 128 16
layer
Number of Filters in the second 16, 32, 64, 128 32
convolution layer
Filters in another convolution 16,32, 64,128 32
layers
Size of filter first convolution layer 3,16,32, 64,128 128
in the another convolution layers 3, 16,32, 64, 128 16
before the first convolution 0,02,03,04,05 02
Dropout rate layer -
after the first convolution 0,02,03,04,05 0.4
layer
Batch size 4, 8,10, 16, 32, 64 16
Learning rate 0.01, 0.001, 0.0001 0.001
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Evaluation of normal postural control system and

deteriorated postural control system due to brain

stroke in altered sensory conditions to investigate
sensory dysfunctions using deep learning approaches

Abstract:

The ability to stand is very important to perform a variety of daily activities. This ability, which
humans learn automatically from childhood, has received widespread attention from researchers
in recent years, opening doors to study and investigate the ability to maintain. The situation
becomes more balanced and controllable. Despite its apparent simplicity, the control of standing
balance and the nature of the control mechanism that stabilizes postural fluctuations have been
studied from various angles, and numerous studies have shown that multiple mechanisms and
sensory systems are systematically involved in maintaining and controlling body posture. The
purpose of this study is to assess the posture control system of healthy subjects and stroke
patients in stimulated sensory conditions in order to detect sensory dysfunction using deep
learning methods. After collecting the database, a combination of deep convolutional networks
and type 2 fuzzy networks was used. The results demonstrated that deep learning network
approaches, due to their high capability in selecting/extracting automatic features, can
accurately classify collected data to diagnose the condition of healthy and sick people. Based on
this, stroke patients were diagnosed and classified in stimulated sensory conditions using the
proposed deep network with an accuracy greater than 98%, demonstrating that the proposed
model is very effective at class separation, and it has looked promising.

Keyword: Postural control system, sensory disorders, stroke, machine learning, balance.



