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ABSTRACT

In this study, we introduce the implementation of a biomechanical analysis system that calculates the torque
applied to the human lower limbs using a depth camera and force sensing resistors (FSR). The FSR matrix
measures the vertical component of the ground reaction force and the center of pressure acting on the human
body on the ground. Kinect, a representative depth camera, obtains the three-dimensional coordinates of the joint
center. By measuring the position of the spherical markers attached on the FSR matrix using kinect, the
coordinate system between the two sensors is aligned. Biomechanical analysis is performed using information
measured by FSR and kinect, and the subject’s height and weight. We demonstrate the feasibility of the
implemented system through the upright standing posture analysis experiment. This system is the first study that
combines FSR and kinect to perform biomechanical analysis. It is expected that it will be able to replace the

existing high cost system in limited applications such as upright standing posture analysis.
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Subject 1 Subject 2 Subject 3
Sagittal | Frontal | Transverse | Sagittal | Frontal | Transverse | Sagittal | Frontal | Transverse
. mean 0.425 0.177 0.027 0.609 0.085 -0.010 0.834 0.065 0.045
Right SD 0.033 0.017 0.006 0.033 0.024 0.005 0.080 0.029 0.009
mean 1.037 -0.562 -0.033 1.241 -0.663 -0.044 1.136 -0.531 -0.049
Left SD 0.042 0.040 0.006 0.141 0.068 0.014 0.195 0.061 0.018
EbL 7% Ad E=
Table 5. Knee joint torque
Subject 1 Subject 2 Subject 3
Sagittal | Frontal | Transverse | Sagittal | Frontal | Transverse | Sagittal | Frontal | Transverse
. mean 0.397 0.236 0.067 0.129 -0.114 -0.009 -0.013 0.384 0.061
Right SD 0.043 0.065 0.014 0.068 0.052 0.006 0.120 0.082 0.012
Left mean 0.403 -0.049 0.017 -0.271 | -0.443 -0.081 0.052 -0.347 -0.041
SD 0.060 0.053 0.009 0.105 0.090 0.016 0.122 0.070 0.013
6 Juwa B3
Table 6. Hip joint torque
Subject 1 Subject 2 Subject 3
Sagittal | Frontal | Transverse | Sagittal | Frontal | Transverse | Sagittal | Frontal | Transverse
Right mean -1.420 | -0.005 0.027 -1.051 -0.272 0.005 -0.902 0.133 0.000
SD 0.078 0.064 0.006 0.082 0.061 0.007 0.238 0.097 0.006
mean -1.657 -0.467 -0.027 -1.429 -0.638 -0.031 -0.901 -0.657 -0.027
Left SD 0.053 0.083 0.007 0.159 0.181 0.004 0.265 0.136 0.012
359

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’19-02 Vol.44 No.02

v.zd =2
B o ol|x]+= kinectE ©]-8-8F A=A 3} FSR &
HojE2 o] g3l 312 AR5t ALl Zm s
sk =

43 A AP sk el msk
Kinect®} FSRS o|&3fo] AA|Gst 2o Ha3)
Hue) FAZHe] 7Pet Arde %‘}aﬁ ¥
AE Alole] AxA AT a3 514 A
do Talslgir)h, AEAlEE ukE =5l
AzRle] ARt AlE E Helsielc g A
RE BT Y& mFHEag ukEA gls =4
5 2} =3} kinectE Q1A AwellA] EAi 3}
Aznlsko] AA|dst Bxjo] a7} glgl ot FH-$-u)
o nlwA A A=) o)== =% Zo] 7}
2h A3 QA 2AE 34 7)se] Wb )
Aow o),
]2~81-2- FSR¥} kinect 5 2 §38to] A3}
e TR x| dTEA 7S] vt AlH
A = & Zlom Ak Fsh md A
ga|eb Amnlg 7)o} 2k srte] Al e el
ol vl 82 = sl= A= A=A
bl B3t 22 FofellAe 483 ¢ oS

T

filo riz 2
>
l b mlo e

=

>

(3

A =2
o} 33 wslolu} A% AlE] Sella] A Algk
S 9% mrR 249 Zlow e

References

[11 S. and T. P. Andriacchi,

“Posturographic analysis through markerless

Corazza

motion capture without ground reaction forces
measurement,” J. Biomechanics, vol. 42, no.
3, pp. 370-374, 2009.

[2] K. R. Ko and S. B. Pan, “Feature extraction
and classification of posture for four-joint
based human motion data analysis,” J. IEIE,
vol. 52, no. 6, pp. 1183-1191, Jun. 2015.

[3] J. W.Yi, M. Yu, A. R. Lee, and T. K. Kwon,
“Effects of postural balance at game-based
visual feedback training of the elderly,” The J.
KCA, vol. 13, no. 10, pp. 9-18, Oct. 2013.

[4] S. Corazza, L. Mundermann, A. M.
Chaudhari, T. Demattio, C. Cobelli, and T. P.
Andriacchi,
system to study musculoskeletal biomechanics:
Visual hull and

“A  markerless motion capture

simulated  annealing

360

[5]

(6]

(7]

[8]

[0

[10]

[11]

[12]

approach,” Ann. Biomed. Eng., vol. 34, no. 6,
pp. 1019-1029, Jun. 2006.

1. Gonzalez, 1. H. Lopez-Nava, J. Fontecha, A.
Munoz-Meléndez, A. 1. Pérez-SanPablo, and 1.
Quifiones-Uriostegui, “Comparison between
passive vision-based system and a wearable
inertial-based system for estimating temporal
gait parameters related to the GAITRite
electronic walkway,” J. Biomed. Informatics,
vol. 62, pp. 210-223, Jul. 2016.

R. A. Clark, B. F. Mentiplay, E. Hough, and
Y. H. Pua, “Three-dimensional cameras and
skeleton pose tracking for physical function
assessment: A review of uses, validity, current
developments and Kinect alternatives,” Gait &
Posture, vol. 68, pp. 193-200, 2019.

R. A. Clark, Y. H. Pua, K. Fortin, C. Ritchie,
K. E. Webster, L. Denehy, and A. L. Bryant,
“Validity of the
assessment of postural control,” Gait &
Posture, vol. 36, pp. 372-377, Mar. 2012.
R. A. Clark, K. J. Bower, B. F. Mentiplay, K
Paterson, and Y. H. Pua, “Concurrent validity

microsoft kinect for

of the microsoft kinect for assessment of
spatiotemporal gait variables,” J. Biomechanics,
vol. 46, pp. 2722-2725, Aug. 2013.

B. F. Mentiplay, R. A. Clark, A. Mullins, A.
S. Bartold,

“Reliability and validity of the microsoft

L. Bryant, and K. Paterson,
kinect for evaluating static foot posture,” J.
Foot and Ankle Res., vol. 6, no. 14, Apr.
2013.

P. Plantard, H. P. Shum, A. S. Le Pierres, and
F. Multon,
assessment method using kinect data in real

“Validation of an ergonomic

workplace conditions,” Applied ergonomics,
vol. 65, pp. 562-569, 2017.

J. A. Diego-Mas and J. Alcaide-Marzal,
“Using kinect sensor in observational methods
for assessing postures at work,” Applied
Ergonomics, vol. 45, no. 4, pp. 976-985, 2014.
J. Lee, J. Han, and 1. “Depth

camera-based posture discrimination and

Yang,

motion
simulation,” Trans. Soc. CAD/CAM Eng., vol.

interpolation for real-time human

www.dbpia.co.kr



w320 Fulekel B A ARE ol g A 2 Axd T

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

19, no. 1, pp. 68-79, Mar. 2014.

J. S. Kim, S. B. Han, S. G. Kim, and H. Park,
“Work posture analysis for preventing
musculoskeletal disorders using kinect,” Soc.
Computational Design and Eng., pp. 841-844,
Pyeongchang, South Korea, Jan. 2016.

S. T. Yang, D. W. Kang, J. W. Seo, D. H.
Kim, T. H. Kim, J. S. Choi, and G. R. Tack,
“Evaluation of balance ability of the elderly
using kinect sensor,” The Trans. KIEE, vol.
66, no. 2, pp. 439-446, 2017.

F. R. Soha, I. A. Szabd, and M. Budai,
“Dinamic and static centre of pressure
measurement on the forceplate,” Acta Physica
Debrecina, vol. XLVI, no. 143, 2012.

T. Hatta, T. Yamamoto, Y. Suzuki, K.
Kiyono, and T. Nomura, “Marker-less motion
capture system with kinect and foot pressure
distribution measurement,” Trans. Jpn. Soc.
Med. Biol. Eng., vol. 51, no. Supplement, pp.
R-296, 2013.

P. Zhang, K. Siu, J. Zhang, C. K. Liu, and J.

Chai, “Leveraging depth cameras and
wearable pressure sensors for full-body
kinematics and dynamics capture,” ACM

Trans. Graphics (TOG), vol. 33, no. 6, Article
221, Nov. 2014.
D. A. Winter,
movement, John Wiley & Sons, New York,
1979.

P. De Leva, “Adjustments to Zatsiorsky-

Biomechanics of human

Seluyanov’s segment inertia parameters,” J.
Biomechanics, vol. 29, no. 9, pp. 1223-1230,
1996.

J. C. Pezzack, R. W. Norman, and D. A.
Winter, “An

determining

assessment of  derivative

techniques used for motion
analysis,” J. Biomechanics, vol. 10, no. 5 pp.
377-382, 1977.

B. Yu, D. Gabriel, L. Noble, and K. N. An,
“Estimate of the optimum cutoff frequency for
the butterworth low-pass digital filter,” J.
Applied Biomechanics, vol. 15, no. 3, pp. 318-
329, 1999.

D. G. Robertson and D. Fleming, “Kinetics of

standing broad and vertical jumping,”
Canadian J. Sport Sci., vol. 12, no. 1, pp.
19-23, 1987.

[23] S. Fukashiro, T. F. Besier, R. Barrett, J.
Cochrane, A. Nagano, and D. G. Lloyd,
“Direction control in standing horizontal and
vertical jumps,” Int. J. Sport and Health Sci.,

vol. 3, pp. 272-279, 2005.

Z A # (Jungyoon Kim)

2007 : AAlHEw  AjEgst
7 b &4
2014 AA S ot

: w24
bl nep A

s, gelgEt

ANz

O] ¥ & (Byeung Hyun Lee)

2017+ 2% bRl A5
E3Es £

<A Rl AZEYY] FE
ulole. QEelEs o -4

] a3Ls
ey

& & 7+ (Jun-Su Jang)

199911 : KAIST A7) = A=}
T} gl &4

20014 : KAIST A7) = A=z}
T HA E4

2006 : KAIST #7] & A=z}

Zo} up 24

361

www.dbpia.co.kr



	깊이 카메라와 힘 감지 저항을 이용한 생체역학 분석 시스템 구현
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 본론
	Ⅲ. 실험
	Ⅳ. 결론
	References


