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[Abstract]

A tangible sports game is an exercise game that uses sensors or cameras to track the user's body
movements and to feel a sense of reality. Recently, VR indoor sports room systems installed to utilize
tangible sports game for physical activity in schools. However, these systems primarily use screen-touch
user interaction. In this research, we developed a V-Catch Vision system that uses Al image recognition
technology to enable tracking of user movements in three-dimensional space rather than two-dimensional
wall touch interaction. We also conducted a usability evaluation experiment to investigate the exercise
effects of this system. We tried to evaluate quantitative exercise effects by measuring blood oxygen
saturation level, the real-time ECG heart rate variability, and user body movement and angle change of
Kinect skeleton. The experiment result showed that there was a statistically significant increase in heart
rate and an increase in the amount of body movement when using the V-Catch Vision system. In the

subjective evaluation, most subjects found the exercise using this system fun and satisfactory.
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I. Introduction
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II. The V-Catch Vision System

1. System Architecture
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Fig. 1. System Architecture of the V—Catch Vision System
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Fig. 2. Deep—Learning based Pose Estimation

2. Deep Learning-based User Motion Tracking
System
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Fig. 3. Machine Learning—based User Motion Tracking System
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3. Integrated Exercise Game System
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Fig. 4. Integrated V-Catch Vision System

III. Usability Study

1. Subjects
Table 12 Addof Fojet fAARZY] AAN 4=
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Table 1. Physical Characteristics of the Subjects

Subjects 6 Men 4 Women
Age 23 265
Weight (kg) 79.85 57.95
Height (cm) 176.5 157
BMI (kg/m?) 25.64 23.49
Percent Body Fat (%) 20.68 33.98
Body Muscle (kg) 35.47 20.48

Fig. 5. User moving freely (left), jump with hands up to shoot

the asteroids (middle), and squat to fill the bullets (right)

2. Apparatus
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3. Procedure
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Fig. 6. Kinect-based Skeleton Model. AdELi is the
Position Displacement at Left Elbow. ABERI is the
Angular Displacement at Right Elbow Joint Flexion

4. Measurements
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5. Results and Discussions
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5.2 Mean HR, Max HR, SDNN, RMSSD, LF, HF,
LF/HF Ratio
Table 2% B.E WUFALS0] LS APt 5o &
=]

gt AHECG) TR HlolH o P

% ¥1Ql ANOVA=Z FA Ajsilon, folafF2 5
A5t¥TE Mean_HR, Max_HROJA= ZAl(Restl, Rest?)
of vlsto 2sAIY Al ARz [ojugh Apol7t 9l
CHp<0.005). 3Fx|9t, SDNN, RMSSD, LF, HF,
LF/HF_Ratio B2 7|52 & 0 §A3 57
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Table 2. Average ECG Measurements

ECG Rest1 Easy Rest2 | Moderate
Mean_HR(bpm) | 105.65 | 124.60 | 121.56 131.36
Max_HR(bpm) 113.95 | 137.56 | 128.95 143.99
SDNN(ms) 19.41 22.53 12.69 9.67
RMSSD(ms) 15.44 17.85 9.17 6.76
LF(n.u.) 56.80 58.71 57.78 70.40
HF(n.u.) 43.12 41.21 42.04 29.52
LH/HF_Ratio(%) 3.82 2.35 2.16 3.18

Table 3. Average Kinect Measurements
Kinect Rest1 Easy Rest2 | Moderate

Body SB 5.88 111.64 455 119.88
SL 5.46 116.53 5.46 126.26

SR 3.96 117.56 5.63 127.84

Upper EL 5.62 191.44 9.45 203.35
ER 5.67 187.05 9.88 199.39

HL 21.53 265.28 16.80 277.06

HR 15.70 253.49 19.91 270.60

PL 6.80 112.00 493 120.36

PR 6.55 112.26 5.21 120.42

Lower KL 45.29 135.83 23.03 144.15
KR 37.82 139.17 29.04 146.74

AL 128.46 | 173.73 77.99 181.39

AR 96.45 171.91 86.23 182.87

ELA 38.58 502.42 30.86 544.40

Angle ERA 29.20 473.81 43.29 518.04
KLA | 225.86 | 346.81 150.13 366.56

KRA 211.54 347.63 156.73 377.11

< 60-100 bpm

ddl A2 AFdes vt i'l} 223 P Al
Hlaf &5 Sl At S71H g0t &2
WA A9 P Al ©@7] A4 "ok (HRV) 54
Ao s Fa 5= ol oF AFFo] SDNN, RMSSD,
LF, HF glo] RoujsiAl 3A YeHThL Sh{15].
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Fig. 7. Post-test User Subjective Evaluation

5.3 Kinect Body, UpperBody, LowerBody
Movement, Angular Displacement
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5.4 Subjective Evaluation
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Foe AXNZEs
activity), 17t= AAI&E o2 (High-intensity physical
activity), ERQIOA] HS8EA]  oJ¥(Whether to
recommend others) of st ZBAl A28 51331 1. Of
$ I tStrongly Agree) 2. 1 tHAgree) 3. 24 13
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7180, FHE ANEEOA WSS Aos UERET.
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