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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.
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3 Stroke

4 Neurological
5 Ischemia

6 Hemorrhagic
7 Balance

8 Postural
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11 Sensory afferents

12 peripheral neuropathy
13 Multiple sclerosis

14 Neurotypical
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15 Autism spectrum disorder (ASD)

16 Immunofluorescence (IFA)

17 Postural Stability (PS)

18 Limits of Stability (LoS)

19 Modified Clinical Test of Sensory Integration of Balance (mCTSIB)
20 Biodex Balance Syste (BBS)

21 Balance Error Scoring System (BESS)

22 Photogrammetry
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23 Convolutional Neural Network (CNN)
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24 Convolution
% pooling
26 Fylly connected
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100 &
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Layer Layer type Size and Number of Output value Padding
number filter filters
steps
1 Convolutionl 12x1/8x1 16 1034x16 yes
2 Poolingl 2x1/2x1 16 517x16 no
3 Convolution2 3x1/2x1 32 517x32 yes
4 Pooling2 2x1/2x1 32 258x32 no
5 Convolution3 3x1/1x1 64 258x64 yes
6 Pooling3 2x1/2x1 64 129x64 no
7 Convolution4 3x1/1x1 80 129x80 yes
8 Pooling4 2x1/2x1 80 6480 no
9 Convolution5 3x1/1x1 80 6480 yes
10 Pooling3 2x1/2x1 80 32x80 no
11 Convolution6 3x1/1x1 80 32x80 yes
12 Pooling6 2x1/2x1 80 16x80 no
13 Convolution7 3x1/1x1 80 16280 yes
14 Pooling7 2x1/2x1 80 8x80 no
15 Convolution8 3x1/1x1 80 8x80 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

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 0,0.2,0.3,04,05 0.2
Dropout rate layer -
after the first convolution 0,0.2,0.3,04,0.5 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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Sensivity=Recall=TP/(FN+TP) v
Accuracy=(TP+TN)/(TP+TN+FP+FN) ay)
Specificity=Recall=TN/(TN+FP) Ov)
Precision==TP/(FP+TP) (\¢)
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