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Abstract: Recently, many people started to try exercising at home because of the COVID19 pandemic. However, more
than half of the beginners have given up because of reasons including “not knowing how to exercise in proper forms,”
“have injured themselves,”  “lack of perceivable physical change,” and “being too busy.” Hence, it is desirable
for them to learn the proper forms in order to perform an effective exercise as early as possible. We provide a method
for beginners to objectively evaluate their exercise form by displaying the SEMG of activated muscle parts which is
estimated by extracting poses from exercise videos. In the arm-curl exercise, the SEMG values of the biceps brachii
and frontal deltoid were estimated by deep learning, which learned the relationship between poses and device-read
SEMG values. Our method helps beginners to prevent themselves from cheating and to exercise more effectively.
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Predicted 2 Channels of EMG
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UCTEELZ., Tz, TAEN2 ODRLIZFERBT T
FEHEL 72, BFEBRIIN 30 9T, HEEIEH X T DRI
B, BEBHIXATDIL—LZNEZ ES12LT, =20
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BLY, 2hoDEH#E (0~1), %#996Hz Titkl,

(2) 2F v > #/)L (BBSH ¥ AD) ® EMG1H, % 10bit (-512~
511) O#ipPH, 1000Hz TioEkL 7.

X 51T, 3IDEBNE EMGEZ XY %> 7Y Y7 LTH
HITZ 3 X512, Unix A4 LA &Z 27 (1 1665905100130)
L ERITEER CYYYY : MM : DD and HH : MM : S.ms) % %
NENFEERL 7.

33 LSTM EFI/ILEE

331 FT—ZOHINIE
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EHEEZ, HRSOEMIHEBFEDRENE >TW\WD
7280, ALz, E5I1, T—XEB/OPICT S0
12, BYA X5 OFEBESrEA L. BENRT
HIZEBOBNE 99 33 s * 31l TH .
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512 DfEEMZ, ZHeHEL L. Kig, 7—XICE
A X 100 OFIE LB #H L 7-.
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Model: "sequential”

Layer (type) Output Shape Param #
1stm (LSTM) (None, 64) 40448
dense (Dense) (None, 32) 2080
dropout (Dropout) (None, 32) ]
dense_1 (Dense) (None, 16) 528
dense_2 (Dense) (None, 2) 34

Total params: 43,090
Trainable params: 43,090
Non-trainable params: @

7 LSTM &7 /L O,

AT, #heh, AT —%, BEEHT—%, ZLTT
ZAMNHEF—RIZDE L. EFALETOREERE (ULT,
Dense J& ¥ FE2) 1% ReLU (Rectified Linear Unit) % i5MAL
BB LT L. £z, E7AMBREELEVE S,
Dense32 f§ & Densel6 EDIZ, Favy F7v FE 05D
Fay 770 VEEFRITZ. X512, EFAOEKRERBIC
W A2 (Mean Squared Error) %#{fo72. Z LT,
TRy ZEEE 100 BICERE L THEE I8 7.

34 F—MEHAEE
AWZEE, BN LFROF— BRI T 272D, DT

DEIBRAT v THRET 5.

(1) 5, BRINF =057 —2h—NA0fThbhT
WRRXEZBINT 5. AFETIE, 2 00#EES L
EMG EZIE L, #EY)RBELZRET S8 T, 7—
LA —ADThbRTWB XK T 3.

(2) F v ANV EDXEED EMG % Zh 2 803

(3) LERoRS R - T, BAZZVEHEMN LT, 5?—
7y MRERAL & FER) ¥ 82 T2 K AR WAERAL (AF, JE
Z—47y MHEAL L FER) DR EFE T 5.

(4) LEEOHEIBEYNCHREINLEEL DIRVIES, £
D7 —LH—NEF— bW 3.

X1 DESED XS, 2 ERTOHALRAL (BBHS ¥ AD) 12

B2, F—romHIERLERXTHS :

> o EMGppsu

H
RIfE < S EMGan

(1)
F72, R22IELX =57y ML 2 & FRL EDEGEICEB T
%, F— Mt o—lBRXTH 3 :

> EMG o

BIME <
Diga 20t EMGig

2

4. #ER CFHM

Z DOETIZ LSTM EF I X 38 A 5 D EMG fEDF
MoKER - FHfli, BIRZDOFRAEEMF 75— NEED
FER - FHiE1T S .
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81X, MhillhE =Ry 8, #Hdhz SEEHEnEAE (MAE)
CLIEETILOEERBERLIZDDTHS. ZOETIL
VEMRFET — R TH 20MAE ZERK L7z, F72, K9 X 10

1 EMG OFEAHE Y ZDFHIEDOHITH 5.

N .
\\ —— train_mae
w
<E( 40 - _ val_mae

20 —— . R
0 20 20 60 80 100
epoch

8 TRy ZmOEKMHE.

r ‘1 I‘m
M 'L, ﬂ \'L\ ’Wu J\l A\&LL/M@ \hm ’u‘ w /\h’\\y‘“ M% */M W

o eoo 800 mno
sequence

EMG val

K9 Sl EMG 0. E25 BBSH, T4 AD.

sequence

EMG val
5
8

K10 T EMG fliof]. 2 BBSH, T2% AD.

4.2 EMG fEH#EHI S F— MEH

F— MEHEOFHMIC BN TIE, ZOZYHERIEL LT
flig 27D, ETADBINETRZZDRVWT—X%
fEHL. 2%b, EB2HHOT—X (W 20[EX 5€ vy
b= 100 [B) OAZFEH L 7.

EfRZ v, EHl EMGED 2 Z 726 HEITF— bk
LIEF— M, i B Tl OUE, Tl EMG
D77 7ML 3A4ETHHLZR Ty TR2HEHAL, X—
7y MHEML IER =7y MM OB ED R LR T
757 ER L. FLT, ER - FRISNALD S5 7%
HEITRIER, F— MEHIcBI 2 1EM - JEFEMREHRZ -
Fre. FitodEER 11ICRT. Ry LT, KFED

Predicted 2 Channels of EMG

I VAT RTRVNY ARV AYRYATAVAVAVAVAT VAV AVAT A

Integral Ratio of Target/Non-Target EMGs

sequence.

p{} Compare —'>

~

Was the Cheat Detection Correct?
Correct/ Incorrect

i \
A AN M MW A A

sequence

Actual 2 Channels of EMGs

11 F— MEHEOIER/AIERDO 7~ vDoudy 7 DX.

F— MREITFIEZ, FEAER095.1 %, FEE 92.2 %, HHREX
979%, ZLTFl A7 949 %&ERL .



BERUEF MRS
IPSJ SIG Technical Report

Actual Pos. Actual Neg. total
Predicted Pos. 47(TP) 4A(FP) 51
Predicted Neg. 1(FN) 50(TF) 51
total 48 54 n=102

12— MEHORRITING X % 7.

Scores:

- accuracy: 0.951
- precision: 0.922
- recall: 0.979
- f1: 0.949

13 EFLDIEREEAW.

5. R

TAMNTF—=X (EBR2HEHDT—X) ITBWT, EffE
95.1 %, FEFE 922 %, FIRHE 979%, ZLTFl Xa7y
949 BWZEWR L 72D T, AFERBLHBNENTHL EX
b5, Lo, M4, 5, R626AETEND XD, W
BR#E D EMG fEA3 >3 D#i (0 1024, F721F-512~511)
DOENIZIE > TWiRWZ bbb, 2k, EMG V7
27 ® TEMG HDRE] OF 4 VHIHIENPKE T E
ZYWRANBH B, 2D, Sk LD IEER EMG 8
ZEHIT 2728, FHHRETIER L D AR LARETHEY 2
FAAMECHETT 2REND B, £z, SENIBERE D —
NIZoTz720, ZhZhDfFEAID EMG 6% MVC TIE
Bb Lo 7208, 5%, EhBEVWZ—FTHIEL LB
B33 k512, WEEED EMG % MVC TIEHILT 2
RBEWEDRDH B, X512, SEE7—oh—L—fEH, &—
Ty b IER=Fy VHEMBREN TN — Sy TS O o7
B, 5%, BROmHMNE# - -E T, N2 2o
TAREEE ST o T REWENH B, LT, Skg X ¥~uL
DAMOEXTDH, FEPSIEL GBHT S X518, CF8H#H
R 3MEERE R Y B i o CHEIWICE Y O ERB %
HRHTEZ LT I2RENELD 5.

6. F&O

AL, Skg RNV &Mool ? —nh—N—RHEIZ
BUI2H N OFE»S, 2—FDF— bEBHETEF
ERER LU, %7 BlazePose & {# o THjH 5> & 3D X#
HERETHLZ. Z2LT, 206 DZRBHEERE LSTM
Fy b =2 AND Z T L T EEEE e = AT
H#D EMG fEZ FHIL . 2L T, 215D Tl EMG f#
DETEDEIE» LB REEEZREL, ZOMELZ T
[ o7z86F— b Lz, RIFFROREFIEE, EfR
95.1 %, fEIE 92.2 %, HHEIT9%, ZLTFl Xa7
949 U T7 —Lh—ILEOF— F2HETER-. LaL,

(© 2022 Information Processing Society of Japan

Vol.2022-MBL-105 No.18
Vo0l.2022-ITS-91 No.18
2022/11/18

WERED— AN, ¥4 v OHEAE, Eifll EMG % MVC
2o CTIEHLL Ty, Y QEED skg L EEEN
TWietk, 7—2oh—N—HEIC X2 -7DT, &
%, R —RICAFIHREED T REEND S &
EZbN5.

2EH

[11  World Health Organization. Global action plan on physical
activity 2018-2030: more active people for a healthier world.
https://apps.who.int/iris/bitstream/
handle/10665/272722/9789241514187-eng.
pdf/, 2018. Accessed: 2022/10/21.

2] Ho#Kk LHEEEHKCBT 2EFHREDOKR
|, UANE U T —a Y[EH Vol 40, No. 7,
pp. 430-435, 2003. Online available at: https:
//www.jstage.jst.go.jp/article/jjrml1964/
40/7/40_7_430/_article/-char/ja/; Accessed:
2022/10/21.

[3]1 F. Penedo and J. Dahn. Exercise and well-being: a re-
view of mental and physical health benefits associated
with physical activity.  Current Opinion in Psychiatry,
Vol. 18, No. 2, pp. 189-193, 2005. Online available at:
https://journals.lww.com/co-psychiatry/
Abstract/2005/03000/Exercise_and_well_
being__a_review_of_mental_and.l13.aspx;
Accessed: 2022/10/21.

[4] G. Knapp C. Reimers and A. Reimers. Does physi-
cal activity increase life expectancy? a review of the
literature.  Journal of Aging Research, Vol. 2012, No.
243958, 2012. Online available at: https://www.
hindawi.com/journals/jar/2012/243958/; Ac-
cessed: 2022/10/30.

[51 World Health Organization/Europe.
ing physical activity and covid-19.
//www.who.int/europe/activities/

Consider-
https:

considering-physical-activity-and-covid-19.

Accessed: 2022/10/22.

[6] A. Ammar et al. Effects of covid-19 home confinement on
eating behaviour and physical activity: Results of the eclb-
covid19 international online survey. Nutrients, Vol. 12, No. 6,
2020. Online available at: https://www.mdpi.com/
2072-6643/12/6/1583; Accessed: 2022/10/22.

[71 G. Lucas Y. Xiao, B. Becerik-Gerber and S. Roll. Im-
pacts of working from home during covid-19 pandemic
on physical and mental well-being of office worksta-
tion users. Journal of Occupational and Environmen-
tal Medicine, Vol. 63, No. 3, pp. 181-190, 2020. On-
line available at: https://www.ncbi.nlm.nih.gov/
pmc/articles/PMC7934324/; Accessed: 2022/10/22.

[8]  A. Pavlovic et al. Keeping children healthy during and after
covid-19 pandemic: meeting youth physical activity needs.
BMC Public Health, Vol. 21, No. 485, 2021. Online available
at: https://bmcpublichealth.biomedcentral.
com/articles/10.1186/s12889-021-10545-x;
Accessed: 2022/10/22.

[9] H. Oka S. Kasahara K. Kawamata T. Yoshimoto, T. Fu-
jii and K. Matudaira.  Pain status and its association
with physical activity, psychological stress, and telework
among japanese workers with pain during the covid-19 pan-
demic. [International Journal of Environmental Research
and Public Health, Vol. 18, No. 11, 2021. Online avail-
able at: https://www.mdpi.com/1660-4601/18/
11/5595; Accessed: 2022/10/22.



BERUEF MRS
IPSJ SIG Technical Report

[10]

(11]

(12]

[13]

[14]

[15]

[16]

(17]

(18]

[19]

[20]

[21]

(22]

Prevention.
https:

Centers for Disease  Control  and
Physical  activity and  covid-19.
//www.cdc.gov/physicalactivity/
physical-activity—-and-COVID-19.html,

2022. Accessed: 2022/10/23.

A. Faigenbaum and G. Myer. Resistance training among
young athletes: safety, efficacy and injury prevention effects.
British Journal of Sports Medicine, Vol. 44, No. 1, pp. 56-63,
2009. Online available at: https://www.ncbi.nlm.
nih.gov/pmc/articles/PMC3483033/; Accessed:
2022/10/30.

Yav Iy Ry (KEaHA - m -V —
Fravrz)., HHEHWRED-HMLICHET
% #E. nttps://prtimes.jp/main/html/rd/
p/000000373.000001915.html, 2020. Accessed:
2022/10/30.

D. Bonilla ef al. Exercise selection and common injuries in
fitness centers: A systematic integrative review and practical
recommendations. International Journal of Environmental
Research and Public Health, Vol. 19, No. 19, 2022. Online
available at: https://www.mdpi.com/1660-4601/
19/19/12710; Accessed: 2022/10/30.

J. Cram. The history of surface electromyography. Applied
Psychophysiology and Biofeedback, Vol. 28, No. 2, pp. 81—
91, 2003. Online available at: https://pubmed.ncbi.
nlm.nih.gov/12827987/; Accessed: 2022/10/30.

H. Nakamura. Back to basics Biomedi-
cal measurement 1(electromyography).  Transactions of
Japanese Society for Medical and Biological Engineering,
Vol. 57, No. 4-5, pp. 149-157, 2019. Online available
at: https://www.jstage.jst.go.jp/article/
Jjsmbe/57/4-5/57_149/_article/-char/en; Ac-
cessed: 2022/10/30.

C. Zheng et al. Deep learning-based human pose estimation:
A survey. J. ACM, Vol. 37, No. 4, 111, 2018. Online avail-
ableat: https://arxiv.org/abs/2012.13392; Ac-
cessed: 2022/10/28.

K. Raveendran T. Zhu F. Zhang V. Bazarevsky, 1. Gr-
ishchenko and M. Grundmann. Blazepose: On-device real-
time body pose tracking. Computer Vision and Pattern
Recognition: Workshop on Computer Vision for Augmented
and Virtual Reality, 2020. Online available at: https://
arxiv.org/abs/2006.10204; Accessed: 2022/10/27.
M. Grimes A. Kendall and R. Cipolla. Posenet: A convo-
lutional network for real-time 6-dof camera relocalization.
IEEE International Conference on Computer Vision, 2015.
Online available at: https://arxiv.org/abs/1505.
07427; Accessed: 2022/10/31.

T. Simon S. Wei Z. Cao, G. Hidalgo and Y. Sheikh. Open-
pose: Realtime multi-person 2d pose estimation using part
affinity fields. IEEE Transactions on Pattern Analysis and
Machine Intelligence, Vol. 43, No. 1, pp. 172-186, 2019. On-
line available at: https://ieeexplore.ieee.org/
document/8765346/authors#authors; Accessed:
2022/10/31.

D. Shi and X. Jiang. Sport training action correc-
tion by using convolutional neural network. Inter-
net Technology Letters, Vol. 4, No. 3, 2020. Online
available at: https://onlinelibrary.wiley.com/
doi/abs/10.1002/1t12.261; Accessed: 2022/10/28.
Auto_fit: Workout tracking using pose-estimation and dnn.
International Journal of Engineering Applied Sciences and
Technology, Vol. 5, No. 2455-2143, 2020. Online available
at: https://www.1ijeast.com/papers/167-173,
Tesma501, IJEAST.pdf; Accessed: 2022/10/28.

K. Choo A. Tharatipyakul and S. Perrault.

series:

Pose estima-

(© 2022 Information Processing Society of Japan

(23]

[24]

(25]

[26]

(27]

Vol.2022-MBL-105 No.18
Vo0l.2022-ITS-91 No.18
2022/11/18

tion for facilitating movement learning from online videos.
No. 64 in AVI "20: Proceedings of the International Confer-
ence on Advanced Visual Interfaces, pp. 1-5, 2020. Online
available at: https://dl.acm.org/doi/10.1145/
3399715.3399835; Accessed: 2022/10/28.

H. Peng J. FuJ. Wang, K. Qiu and J. Zhu. Ai coach: Deep
human pose estimation and analysis for personalized athletic
training assistance. MM *19: Proceedings of the 27th ACM
International Conference on Multimedia, pp. 374-382, 2019.
Online available at: https://dl.acm.org/doi/10.
1145/3343031.3350910; Accessed: 2022/10/28.

M. Cazorla A. Costa, E. MartinezMartin and V. Julian.
Pharosphysical assistant robot system. Sensors 2018, Vol. 18,
No. 8, 2633, 2018. Online available at: https://
www.mdpi.com/1424-8220/18/8/2633; Accessed:
2022/10/28.

R. Mizukami T. Sakai S. Aihara, R. Shibata and A. Shionoya.
Deep learning-based myoelectric potential estimation method
for wheelchair operation. Sensors 2022, Vol. 22, No. 4,
2022. Online available at: https://www.mdpi.com/
1424-8220/22/4/1615; Accessed: 2022/10/28.
AW, FREMEME PLr—=r7XEOLD
OB 2 5 OEE AR O HEE.  Data Engineering
and Information Management, 2021. Online available

at: https://proceedings-of-deim.github.
i0/DEIM2021/papers/C21-1.pdf; Accessed:
2022/10/28.

2019 The TensorFlow Authors. Tensorflow v2.10.0:
tf.keras.layers.Istm. https://www.tensorflow.org/
api_docs/python/tf/keras/layers/LSTM, 2022.
Accessed: 2022/10/28.



