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ABSTRACT

With the increasing awareness of the importance of health among modern people, interest in exercise is
increasing. Recently, after COVID-19, the demand for so-called home training, where you exercise alone at
home, is increasing. The purpose of this study is to reduce the risk of injury by providing feedback during
exercise at home. However, products on the market do not provide feedback, or trainers provide feedback on
live streams. Also, even if you receive feedback through the video, you cannot get feedback on small
movements. To solve this problem, we studied the motion analysis AI model of dumbbell curl exercise using
IMU sensor data. We compared and analyzed SVM, RNN, LSTM, and ConvLSTM models, and presented a
motion recognition artificial intelligence model for optimal dumbbell curl exercise using Confusion Matrix, Roc
Curve, and AUC.
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Table 1. Model Confusion Matrix

SVM Model LSTM Model

Case 0 Case 1 Case 0 Case 1

TN 561 | FP 39 | TN 600 | FP 2 TN 561 | FP 39 | TN 585 | FP 15

FN 54 |TP 146| FN 17 | TP 181 EN39 |TP 161 | FN6 |TP 194

Case 2 Case 3 Case 2 Case 3

TN 600| FPO |TN 521 | FP 3 TN 59 | FP 4 | TN 553 | FP 47

FN 77 |TP 123 | EN 143 | TP 133 FN 24 | TP 176 | FN 36 | TP 164

RNN Model ConvLSTM Model

Case 0 Case 1 Case 0 Case 1

TN 588 | FP 9 | TN 581 | FP 18 TIN5 | FP2 |IN5% | FP 4

FN 21 |TP 182| FN 3 |TP 198 FN4 |TP196| FENO | TP 200

Case 2 Case 3 Case 2 Case 3

TN 595| FP5 | TN 600 | FP 11 TNS595 | FP5S |IN6O | FPO

FN 13 |TP 187| FN 8 |TP 181 FNO |[TP200| EN7 |TP 193
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Specificity : 7FP-|— TV @)
L TP
Precision : TP P )]
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F1-S : 9
core TP+ FN;— FP ©
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AUC : f TPR(FPR '(z))dx (10)
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B =)A= Confusion Matrix & E3}
oo vlEA RS B HES 4 5 9\}% ek
X(Accuracy), Case™ —?‘% Zollx] mele] Zhzhe)
Cases & 7T vl&2 o & e 3=
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R A Foll AAE Z BRI AL onsks A
X (Precision) 18] Hlo]Ele] EAHEE 3Qlsl]
f18to] Fl-Score s AHg-315it). w3, mede] A 2
el AEws =X H78P7] 918l ROC(Receiver
Operating Characteristic) Curve2} AUC(Area Under
the Curve)E AH8-315ich

ROC Curves x5 1-50]%, y52 I =ER 3}
of Tlait A2 o4l 15 wele] o5 A
5 W7l ROC #Be] ol wzs 94‘3]%1#
AUCE 1ol] 7hes2 mule] 4io] %
olmlgic), & ololla] E4¥ ma ROC Curveg}
AUCE 17 12914 &l & & glef™

3 2% 3RS 29 Case 55 vEbd 7
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= 7o grislelen, %2 5] 95% ol
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o
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S

+
J
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.5

& Al Tgelel, i ol G ATE
w4 SlEs sjsic
3 20l =R d, SVM 292 Case 15 #|9]gF &
E CasedllA] 9719] ] 9L A590% ©13h< 7%l
A FEo] B, B3| Case 39 wI7t=e}l AUCE
48.1%, 1A% 2 71 F& A58 Hol= AL le
S ek o)t MEistel dlole] 119 H4% 1
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Table 2. Performance of the Artificial Intelligence model
SVM Model
Case oo i ..
Type Accuracy | Sersitivity | Specificity | Precision | Fl-Score | AUC

CaseO | 0.883 | 0.730 | 0.935 | 0.789 | 0.758 | 0.83
Casel | 0.976 | 0.914 | 0.996 | 0.989 | 0.950 | 0.98
Case2 | 0.903 | 0.615 1.0 1.0 | 0.761 | 0.81
Case3 | 0.817 | 0.481 | 0.994 | 0.977 | 0.645 | 0.74

LSTM Model
Case i ..
Type Accuracy | Sersitivity | Specificity | Precision | FI-Score | AUC

Case0 | 0.902 | 0.805 | 0.935 | 0.805 | 0.805 | 0.87
Casel | 0.973 | 0.970 | 0.975 | 0.928 | 0.948 | 0.97
Case2 | 0.965 | 0.880 | 0.993 | 0.977 | 0.926 | 0.94
Case3 | 0.896 | 0.820 | 0.921 | 0.777 | 0.798 | 0.87

RNN Model
Case ... i ..

Type Accuracy | Sersitivity | Specificity | Precision | Fl-Score | AUC
Case0 | 0.962 | 0.896 | 0.984 | 0.952 | 0.923 | 0.94
Casel | 0.973 | 0.985 | 0.969 | 0.916 | 0.949 | 0.98
Case2 | 0.977 | 0.935 | 0.991 | 0.973 | 0.954 | 0.96
Case3 | 0.976 | 0.957 | 0.981 | 0.942 | 0.950 | 0.97

ConvLSTM Model
Case
Type
Case0 | 0.992 | 0.980 | 0.996 | 0.989 | 0.984 | 0.99
Casel | 0.995 1.0 | 0.993 | 0.980 | 0.990 1.0
Case2 | 0.993 1.0 | 0.991 | 0.975 | 0.987 1.0
Case3 | 0.991 | 0.965 1.0 1.0 | 0982 | 0.98

Acouracy | Sensifivity | Specficity | Precision | Fl-Score | AUC

2 AR w41 157191 SVME] 3=, dloE]
BRI BRI ¥ 5 9l Aol Y& Hlole]
o] w53k fAbe] Uele R Ahgsigich

LSTM =92 Case 1S A9k ZE CasecllA] 8
MY ZA| Eak AL 723 A FE NPy E3]
Case 39 AYUEE 77.7%2 7P Uokom, AUCE
Case 0%} Case 3°| 87% 2 F& A5S Hyr) o)==
E 204 LSTM =ul2] Case 0°] ®3t%:, AHUE
F1-Scoreel| 4] 1k /‘4'—"] viell=d], AUC #tell 3
S 2| Eo]mr} ke A8 Hol o9} 7k
I ZleR iodt‘r. o]e]gt A= LSTM®
24l Layer®] ”EHQ} 7FEAE Sshe v Cell
State®] wlo|E] ¥-5 2k SAoleka & 4 gl A
o|2 XZ dlole] 9] mA "WHlSs AT o E
2Rg-3l ek 7l o2 AlEXIch RNN 292 Case 0
oA RIZEET} 89.6% % U AdeS TP AR
vehds=d ol WskAl 2 F71E HHEShk=

Jlm mﬁ




Case 0°l|A4] 7} "oz A8 7| 231 7L o]
dlo]e]7} obd 37 dlo 1E17P A dlofefel & 55
7127 ¢FErh= RNN RHlle] 7324 E4o] zhg-
7o 2 walrk RNN LSTMS 1524 fAME
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% glek
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—T‘a rSL' o AL
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= 5o]%(95.6%)F A3 £4] 3 A5 75
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Table 3. Model Experiment Results

Model

Type | A0y | Sty | ey | Prciden | Fl-Sare | AUC

SVM 0.894 | 0.685 | 0.981 | 0.938 | 0.778 | 0.83

LSTM | 0.934 | 0.868 | 0.956 | 0.871 | 0.869 | 0.91

RNN 0.972 | 0.943 | 0.981 | 0.945 | 0.944 | 0.96

Conv

LSTM 0.992 | 0.986 | 0.995 | 0.986 | 0.985 | 0.99

el ndlo] Alzo|A % ConvLSTMe| 7} Eth=
AL Bl Aolrk

I8 12+ 74 29 ROC Curve?} AUCE 17
© 2 vepdl Aotk 23 1294 ROC Curve:= W7t
Eo} Bol=E 004 177}%]:1 WS mde] A
o zzqzﬂq Eo]x7} =& wjoll= ConvLSTM}
LSTM«J =7t fouHAl L}E}war Hhde| RNN
3} SVME] Foll= IAErt WA= s B 5
gict. A *—70157]' o= A= SVME
AkEE 3700 mElech g2 AR fR|EE,
RNN| A5l 71 & Zo7 Z|3c) vk % 3
o= FAE 7 el ¥ AUC #& vw3e o),
SVM =2®le] AUCE 83%, LSTM =22 AUCE
91%°|" RNN¥} ConvLSTM 22| AUCE 96% <}
99% = et SVMI LSTM Rele] AUCE 7]

T °Js

o
oo =
wdle] AUCE 71 o2 Ades
RNN 2dl2- o3| 7] Gated o]83le] A2 o]
E7} &xie] dlolele]l dgE 712 LSTM e,
o] wlolefte] AAle] wolelel] daFe 71
FEEF 25 WSl T2 AlE delEe] &
o] A uied=]e] Aoz 43 A9 Wolr)
ConvLSTMS- 0]48 ey mas olE 17 »
dlo)] H]|5}e] 93k HF A5 Heollg) o] aul
29l CNNF} cf2A] AJAlG dlo]e] B3l 73de] 3l
= LSTM®| 727} 3 AH8-=o] ed<A<l dlolH
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Fig. 12. ROC Curve and AUC of total models
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