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Development of a Trampoline Rehabilitation Exercise System to
Strengthen the Muscular Strength and Balance Ability for the Elderly

Seung-Hwan Choi*!, Gunseok Park*’, Hyuk-Dong Kweon*, and Suwoong Lee*’
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In the context of the rapidly aging population, the importance of health management for improving quality of life
is increasingly emphasized, especially for preventing and managing age-related diseases like sarcopenia with diverse
exercise and health strategies. This study proposes a trampoline rehabilitation exercise system designed for the elderly
to easily strengthen their muscle and balance abilities. The trampoline rehabilitation exercise system offers a variety
of exercise movements in conjunction with exercise content, and users can easily follow the movements by watching
a monitor. The system uses a camera to recognize motion and estimate the user's center of mass and foot position,
allowing for the display, evaluation, and recording of the user's movements. This paper evaluated the system's core
functionalities: center of gravity positioning, motion recognition, foot position estimation, and heart rate measurement.
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Fig. 1. Overall structure of trampoline rehabilitation
exercise system to strengthen strength and balance ability
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Table 1. Specifications of trampoline system main modules

Module Model Usage Specification
Kinect Azure Kinect Cerr:\ji of 1 MP Depth
sensor DK %\]/Iotiox;; camera, 12 MP
(Microsift 7it) " RGB camera
recognition
Camera Arducam Foot position ?Ni’(\j/lelj—/zgfpl:
Sony IMX219|  estimation 17509
Smart HW706 heart rate Optical sensor
(COOSPO array, range
band ) measurement
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Table 2. Experimental results of center of gravity accuracy
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merter position position 4
XY [mml XY [

188.00, -7.00 | 123.35, 6.78 96.17

1 -900, -1400 | -9.21, -1331 96.33
-122.00, -800 | -166.21, -7.88 96.89

6300, -3800 | 6396, 3864 98.39

2 200, 6400 | 2094, 6302 96.34
-82.00, -32.00 | -86.78, -32.14 9853

200, -30.00 | 87.42 -30.07 9740

3 -12.00, -2200 | -11.55, -21.9 98.11
-84.00, 2800 | -81 .24, 2173 97.87

106.00, 2000 | 10393, 20.21 9849

4 500, 32.00 504, 30.48 9725
-2.00, 2300 | -0, 2% 99.839

8100, -34.00 | 7878, -35.44 96.52

5 900, -2200 | -9.06, 2227 99.02
-75.00, -34.00 | -27.85, -33.32 9758
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) RMSE (mm)
AXis -
min max Average
X=-Y-Z 1.13 17.61 486
X 0.01 23.84 441
Y 0.02 16.01 390
Z 0.07 2263 475
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Table 4. Results of heart rate measurement accuracy

Average
. Reference Measures|Accuracy]
Experimenter |  No o accuracy
(bpm) (bpm) (%) (%)
1st 82 84 97.56
i 2nd 85 86 98.82
| 3rd 86 87 0883 | 98.34
(Man, 28 age) 4th 88 89 9886
5th 86 84 97.67
1st o 94 100
5 2nd 88 88 100
1 3rd 85 87 9764 | 9873
(Men, 29 age) g 89 | o0 | 9887
5th 105 102 97.14
1st 105 105 100
3 2nd 106 107 | 99.05
1 3rd 106 106 100 | 99.25
(Men, 52 age) 4 107 | 106 | 9906
5th 108 106 | 98.14
1st 62 62 100
4 2nd 63 62 0841
3rd 64 63 9843 | 9841
(Man, 60 age) 4th 64 63 0843
5th 63 61 96.82
1st 76 74 97.37
5 2nd 74 77 95.95
(Man. 46 age) 3rd 79 80 98.73 | 97.38
an, “oadel an | 76 78 | 9737
5th 80 82 97.50
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