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Performance of Exercise Posture Correction System Based on
Deep Learning
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249 RNN(recurrnet neural networks), LSTM(long short-term memory networks), CNN(convolution neural
networks)ol] Histe] AL APt RNN, LSTM, CNN 22 9] f1-score:= 242t 0. 49 0.87, 0.982 CNN X do]
7V Agsiths AS 15k o]F ATEs, YRt gk HlolEE ARESHY] B B 5 AAE EAT dFolth

Abstract Recently, interesting of home training is getting bigger due to COVID-19. Accordingly, research
on applying HAR(human activity recognition) technology to home training has been conducted. However,
existing paper of HAR proposed static activity instead of dynamic activity. In this paper, the deep
learning model where dynamic exercise posture can be analyzed and the accuracy of the user’s exercise
posture can be shown is proposed. Fitness images of Al-hub are analyzed by blaze pose. The experiment
is compared with three types of deep learning model: RNN(recurrent neural network), LSTM(long
short-term memory), CNN(convolution neural network). In simulation results, it was shown that the
f1-score of RNN, LSTM and CNN is 0.49, 0.87 and 0.98, respectively. It was confirmed that CNN is more
suitable for human activity recognition than other models from simulation results. More exercise

postures can be analyzed using a variety learning data.

Key Words : CNN, Deep learning, Human activity recognition, LSTM, RNN, Time series classification

‘zo)g, Fedsty ARSI Received: 16 September, 2022 / Revised: 30 September, 2022 /
"Jo)Y, ety AT Accepted: 7 October, 2022

AELA 20229 99 169, =¥9= 20229 9¢ 30 "Corresponding Author: jinyoung@kw.ac.kr

AL} 20228 109 7€ Dept. of Eletronic Convergence Engineering, Korea

-177 -



Performance of Exercise Posture Correction System Based on Deep Learning

.M 2

—

Ol

A B A4 71ed TRt 2opell A48 £ 3l
o A%, oF, PAA0] Lol vRITIAE Q1Y
TE APk VlEdE AgHw a2
COVID-192 <Iste] Aol & Edloldol it
Ao] S7itol wet Al s 4 71.%%- Edlo]

of #g3t A7t vt et °
71& AFSLE olvAE Shdtof OP—Xl 2o A
IS AARIOR RIS of ). E’h, B H3E Hlo]
EluhS S5 B9 FEo] wE oS Ayt 34 g
A BAZE AT 7189 mEe o], dotA7]et

2 WJOJ g BT 8 4 Ak 24

AFE2 AT FE o]F Ao &8

>

ol i

ot

ﬂl

=2oAE 71E 34 ZWIEJ% BAshs o

9] %Xﬂé si2str] fisf AARtoz Al AAIRE of
Uzt 54 AAE EFoke A2 2de ARkttt
et mdle 3] 9f3f 3709 |Hed Rde 28t
olF IgolA= 3719 el 2o disto] ApAISH
Argdieh. E3E AAG glolEof tiste] AAsHA AT
Bt oA o] oz o7l dlolget A
A2 FEE AASH A8t VAolAE 3719 2
o g AIE HojErh v VAolA: FEH

A AES Asdhe Aer & =ws TRt

il

Il A HlOE ¥ gAY Y

1. AAIZ HOIH

AAE HolElg: a7 ol el AAY Hlojele] o]
she 571 Aol AASHA el .

7h © X AIAIE HI0[E

@ A3 AAE HolEe B @2 94 7R3
Ue HolElE Uitk &, @ A AAE HolE=
HE o] FHR A7t W T FES Zd=th

X=z,T9 - Tp_p2q)- 6

Lt. OIS Ak AAIE H|0E

0 A AAE Holgle g 2 AAEG HlolE
2 747t0] 942 JHL golgE Wit Loz

FHshd ohZ o] yehd 4= Qlch
X=[XLXx2% .., XM xM x'er? (2

X MARS 3718 AT (9 Z42te a45L
TAES 2718 7H4 Fol Yehg weh

B =82S Q¥ Hojez ¥ Mt dojee} o)
2% Yolgj Mgt T R dlold 5% A
gl 10742 AHget.

2. RNN(recurrent neural network)
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Fig. 1. Structure of : (a) feed—forward neural
network, (b) recurrent neural network.

3. LSTM(long short-term memory)
LSTM'?2 RNNQ| BAHS 7187] 44 4 = 2
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Fig. 2. Structure of LSTM.
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Fig. 3. Convolution of time-series data.

3. CNN(convolution neural network)
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Table 1. The number of images per exercise posture.

25 Al AR S

S AN EFe AN
Babel curl 1308 2618
Deadlift 1090 3251
Knee up 2622 2299
Leg raise 1180 2112
Overhead press 945 1879
Side crunch 1016 6726
Side lunge 1450 5340
Side raise 694 4136
Squat 1218 1994

H 2. A8% HE.
Table 2. Utilized joint landmarks in the proposed method.

Landmark H& Landmark
0 il
11, 12 AAE
13, 14 ZEAGE 9
15, 16 +5E 9
23, 24 ZRHE, )
25, 26 22, 9
27, 28 TEE )
29, 30 FEAGE 9
31, 32 TEGL )
18 20
*T 022 8 6.2:‘ 1-02.3 7 0. nose 17. left pinky
.0 1. left eye inner  18. right pinky
e 1002y 2. left eye 19. left index
14— /12° 0 21,19 o 3.Lefteye outer  20.rightindex
/ /\ )%l 4. righteye inner 21. left thumb
/ \i3 15 5. righteye 22. right thumb
46 23 v 6. righteye outer  23. left hip
[ T 7. left ear 24. right hip
/ \ 8. right ear 25. left knee
| \ 9. mouth left 26. rightknee
226 25°% 10. mouth right ~ 27. left ankle
\ 11. left shoulder ~ 28. right ankle
12. right shoulder 29. left heel
13. left elbow 30. right heel
\ / 14. right elbow 31. left foot index
B, A% 15 left wrist 32. right foot index
32 & ‘30 2; %3] 16. right wrist

3% 4. Blaze pose #H HEQIE,
Fig. 4. Blaze pose landmarks.
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Fig. 5. Structure of time series data.
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Table 3. Utilized joint angles in the proposed method.
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Table 4. Simulation parameters.

Parameter
Optimizer Adam
Loss function Binary crossentropy
The number of hidden layer 8
Activation function Softmax
Epochs 100
Batch size 32
Train:Test:Validation 8:1:1
Window size 15

AJAIE HlolEoA window size:

a3t nhE
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Table 5. Simulation results based on RNN in terms of
accuracy and f1-score.

Landmark Landmark & Angle
accuracy f1-score accuracy f1-score
Babel curl 0.69 0 0.77 0
Deadlift 0.77 0 0.99 0.98
Knee up 0.5 0.67 0.49 0.66
Leg raise 0.64 0 0.99 0.99
Overhead 0.98 0.97 0.91 0.86
press
Side crunch 0.91 0.66 0.91 0
Side lunge 0.79 0 0.84 0
Side raise 0.86 0 0.87 0
Squat 0.64 0 0.94 0.92

01]?6]'7\] Ret Aol &
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Lehd thAl fl-score 022 Uttt 7127] &
2l BA|7} A Aog oAksi,

L. LSTM
H 6. LSTM Al2[0|d Zu}.

Table 6. Simulation results based on LSTM in terms of
accuracy and f1-score.

Landmark Landmark & Angle

accuracy f1-score accuracy f1-score
Babel curl 0.94 0.92 0.99 0.99
Deadlift 0.94 0.87 0.97 0.95
Knee up 0.97 0.97 0.99 0.99
Leg raise 0.98 0.97 0.99 0.99
OV;;iiad 0.99 0.99 0.99 0.99
Side crunch 0.99 0.99 0.99 0.99
Side lunge 0.97 0.94 0.98 0.96

Side raise 0.86 0 0.86 0

Squat 0.98 0.97 0.98 0.98

il
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Table 7. Simulation results based on CNN in terms of
accuracy and f1-score.

Landmark Landmark & Angle

accuracy | fl-score accuracy | fl-score
Babel curl 0.99 0.98 0.99 0.99
Deadlift 0.97 0.95 0.98 0.97
Knee up 0.96 0.96 0.98 0.98
Leg raise 0.99 0.99 0.99 0.99

Overhead

bress 0.98 0.97 0.99 0.99
Side crunch 0.97 0.98 0.99 0.99
Side lunge 0.97 0.97 0.99 0.99
Side raise 0.99 0.99 0.99 0.98
Squat 0.98 0.97 0.99 0.99
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