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Accuracy and Reliability of Ground Reaction Force System and Effect of Force Platform

Mounting and Environment
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Kim, Eui-Hwan - Kim, Tae-Whan(Yongin University)

ABSTRACT

Y. H. PARK, C. H. YOUM, S. SUN, K. W. SEO, E. H, KIM, and T. W. KIM, Accuracy and Reliability of
Ground Reaction Force System and Effect of Force Platform Mounting and Environment. Korean Journal of
Sport Biomechanics, Vol. 17, No. 1, pp. 1-8, 2007. Ground reaction force (GRF) measures are one of the most
commonly used in biomechanical study. GRF system is very useful educational tool to explain and demonstrate
the Newton’s law of universal gravitation and laws of motion as well. However, accuracy, intra- and inter- force
platform measures” consistency, reliability, noise, and the effect of platform mounting to GRF measures were not
clearly viewed. The aim of this study was to examine the above. GRFs of a plastic dummy and two subjects’
quiet upright standing were collected at four university laboratories eight force platforms. The types of
platforms, analysis programs, and platform set-up were various. Three 100s-trials were conducted with sampling
frequency of 100 Hz. First two trials’ vertical component of GRFs, Fz, and CoP sway ranges of mid-60s-portion
of 100s trials were analyzed by the paired f-tests and one-way ANOVA. Six of eight platforms” 1st and 2nd trial
dummy Fz were statistically different (p<.05) and all platforms ICC were poor (<.28). Fz of the two platforms in
every four laboratories were statistically different (p<.05). There were white noises and/or very distinctive noises
at specific frequency ranges in all Fz measures. 5 Hz low-pass filtering made clear the Fz differences. CoP
ranges of dummy were less than 05 cm and the best was 0.02 cm. This CoP range finding agrees with
previous results suggests the importance of force platform mounting and A/D card resolution.

KEYWORDS: GRF, ACCURACY, CONSISTENCY, TEST-RETEST RELIABILITY, FILTERING
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12F, ZHH el ddo] Al WA ﬂ]
o] TFstA Arjs|a glom ARgo] ZhHstez
o]-§3t A7} Dttt o)X (piezo) AIME *]‘%5}

Juzmutey Adls AEES A3 Hra A

WK Onell, 2000). 22 FHIARE} BlofE] 2)50]
GolgE HlolH 283 B4 0F 7ol =ot
Fot PJJPQTJ-(Korad 2005). & AR AU
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AAnk SR (CoP)E o183 FA AR (quiet

upright standing) 73 ollA dlo|E FE|Eol s
2 ool AAEI JOui(England, & Granata,
2006; Harbourne, & Stergoiu, 2003), ZHHS 3= 7
Solle AT 5 HzE 283 X980 dEE
o] AR83laL SlthDoyle, Hsiao-Wecksler, Ragan, &
Rosengren, 2006; Ferdjallah, Harris, & Wertsch, 1999;
Prieto, Myklebust, Hoffmann, Lovett, & Myklebust,
1996; Yamada, 1995).

AFEZo] 71EY e BA% vy w49 o
T9(consistency), 7P (variability), 771/d(periodicity),
58 B34 (complexity) 502 AT AgoR 35
St ARGt dlojee] AdTe A7Add 2 s
R = a”o S5 7R 53 2ol ¢
doleE mEd AF 9 2 FAE o & ok u
ZHA Q1A °1‘°‘4 gdgh A7} ofof| tigh WEgt o]
e fdsliMe ARske ARl AR, A, kol=
J3F 5ol gt —'—}‘ﬂlo] F a3t

o] e AWHE =4 Aule] FUx,
Altest-retest) A1F] %=, B} P 2t Hlw, woj= 2 I
B s, A So) AR 24z v
T GEe At ARk Aule] & S
ool ¢ Fuish B oplz} & tE Be
Nk e 5102 gtk

O. a4

o] 7= F /N ol Fwe] AXE Iy oishdd
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AAMtA; 2%(<F 720 N, 171 em, 1%, ¢} 870 N, 180
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HIEEAPt o APAelA 2wt 27 A dAajet
= Aajol| we} 11@‘&%‘ L= o EA R M B
colTE@itE Aase] 9ol 51 ol «9e
Th&(Bertec, 2006; Lafond, Duarte, & Prince, 2004) Al
&% T34 100 Hz(Collins, & De Luca, 1993; Doyle,
Newton, & Burnett, 2005, Doyle, Hsiao-Wecksler,
Ragan, & Rosengren, 2006; Nolan, & Kerrigan, 2004;
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lab A 2% o] A+A vl 16 bit Vicon
lab B 1= A+A "4 16 bit KwonGRF
labC 2% o4 A+A AA 12 bit KwonGRF
labD 2% o] B+K A 12 bit KwonGRF

A: AMTI, B: Bertec, K: Kistler

Prieto, Myklebust, Hoffmann, Lovett, & Myklebust,
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AnteEgE] o] A, AFme} FuEA - A 879 9% 3

W8 FAEY 2293 Complexity(Laxtha, ™13

ANE olgsle] Fus EA3 HolE BEPYS &
#ap5lor el AT 5 Hy, FFI(fast Fourier

transformation) #1945 #-ZE1E AR5l

SPSS 120 FAZZ 179 paired ttestS ©]-8-314
3o 1, 23] Fz Hla, 33 7t Fz Hla, ZEE
¥ Fz5 H|WSIYeH, oneway ANOVAE ©]§
st BE AR 3% 2t F2E vlusisith 5A4
ToTEe bR AAston 7+ e 1, 23] Fz9
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oA .28 oJsl= HARAHAL A Ee B2 Z(poor)
o2 Ve
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2 2t 454 2t 5lE Y Rz, SEF 95% Tk ¥ ZENE gholu (n=61)
et b plte raw Fz(N) SEF 95%(Hz) filtered Fz(N) raw-fiered
T1 T2 tvalue ICC T1 T2 T1 T2 t-value ICC T1 T2
Pl 37306 37305 30 129 4707 4778 373+02 373+02 144 531 504 532
A P2 369105 370+06 -568 280 4746 4761 369+02 369+02 -1328" 217 379 477
tvalue 36727 39227 - - - - 150557 112157 - - - -
P3  369+04 369+05 621  -676 4407 4690 368+02 368+02 259 686 1209 621
B P4 370+04 37003 323 -045 4744 4768 370+02 370:02 681 74 790 913
tvalue -21.02° -1824" - - - 97" s711T - - - -
P5  366x1.0 366400 -250 003 4832 4739 365+04 366+04 -3.08° 247 374" 15727
DM C P6 36917 365:25 1021 010 4778 4734 369+05 365+08 3643 240 121 156
tvalue 12397 311 - - - - 45U 761 - - - -
P7 36821 366426 415 193 4697 4756 367+08 365+06 13200 123 268 188
D P8 372414 371+19 348 -503 453 4512 372404 371+04 1580 067 139 .60
tvalue -12.817 -11.06° - - - - 40627 6166 - - - -
Fvalue 22956 21457 - - - - 2061027 291082 - - -
P3<P4<P2 P7<P4,P3< P3<P4<P2< P7<P4<P3<
Duncan <P7,P5<P6 P2<P5,P6< - - - - P7,P5<P6<P P2<P5<P6< - - - -
<P8<P1 P8<P1 8<P1 P8<P1
Pl 724409 725409 @ -69 | -650 4197 4172 724+05 74404 -10 .26 592 623"
A P2 716108 717+09 -619° 292 4211 4250 716+05 716104 -866 282 634 826
tvalue 5880 4533 - - - - 137727 128537 - - - -
P3 718407 717407 548 -012 4001 4001 717+04 716+04 1513 649 874" 967
B P4 719+08 71906 465 108 4004 4001 718+04 718+04 713 601 10517 810"
51 tvalue 12547 -14.72" - - - - 31177 33T - - -
D5 72+5 720+14 501 572 4683 4729 7205 721405 13700 382 3407 43
C Po 7B+12 7210 288 -089 4722 4729 70405 72104 980 .09 4197 689
tvalue -252 -601 - - - - 7807 119" - - - -
P7 711423 710421 56 -042 4702 4531 71007 709+07 613 392 3790 659
D P8 718+17 719+17 415 356 4319 4729 71808 718+06 574 417 268 471
tvalue -1967 -2637 - - - - 5777 8507 - - - -
Pl 882407 82+08 41 | -207 4421 453 881:05 8105 -9 790 1028 832"
A P2 87107 871107 =20 092 4473 495 870:04 87004 -169 336 11927 1184~
tvalue 97000 8339 - - - - 186087 189437 - - - -
P3 874406 87306 531 29 3999 3997 873+04 872+04 1391 565 9327 13417
B P4 8506 85:06 207 549 4001 3999 874+06 874+05 604 .79 1006 1433”7
- tvalue -1627 23147 - - - - 29467 37507 - - - -
P5 86410 864407 2737 -018 4731 4695 863+05 863+05 1129 595 589 1122
C Po 863+12 86214 773 052 4756 4761 86304 86107 2059 439 4617 469
tvalue 334" 1052 - - - - 10397 1875 - - - -
P7 871419 871420 | -27  -224 4507 4702 87008 869+07 288 258 3717 579
D P8 879+19 80+l6 -166 .164 4607 428 879+06 879+08 -234 -337 275 409"
tvalue -2472° 2570 - - - - 81337 6689 - - - -

DM: dummy, SI: subject 1, P1: plate 1, T1: trial 1, SEF: spectral edge frequency
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o,

10=E Efs %{ 2602 rﬂ o|g] 6,0007H(=100 Hz x
60 55 Tt AET Aol

Hrle w38Yo] gloeng ofg#oge= CoP Har}
floforeA|t o]=7} 413k APA DE Al BT
05 cm v|REe] wlAIE W3l7E Qi A0 vpEpton, 3
F(CoPy), Z-HCoPx) W tell= 7] ApolE 2Es}7]
SRk otk

QA) CoP 1= AH21e] AT Aok el we} vz

T AR (CoPy) ofF
HeP7E 24 Z’Z}(Con ] 9T A et ol
AT Ao Ao} dZHankle strategy)ol] whe} 25
W ol F 7L 2HRE ol B HSIRT Atke AedT
A} dAje ol g7 AFAT 078 am, 135
em(Doyle, Newton, & Burnett, 2005)¢} -frAREFAMY; 2.63
am, 3.31 em(Doyle, Dugan, Humphries, & Newton, 2004)
Hoh o e Ao ek

CoP2] -y 4 23} tw] CoP] SEF %% Fa
= BE ?'E. ol 43 Hz o302 LRt Fz8 2] §lo]
E 58 54 Ty ozt 3 A &

I 3 YIAA 0|5 B (n=6,000)
CoP N filtered CoP

sub lab plate range(cm) SEF %5%(Hz) range(cm)
CoPx CoPy CoPx CoPy CoPx CoPy

A Pl 027 030 4761 4771 018 013

P2 016 019 4734 4702 026 036

B P3 008 007 4314 4258|004 04

DM P4 006 006 4575 4609 [ 002 0.02
C P5 035 040 4800 4766 018 0.09

P6 019 019 4797 4780 015 005

D P7 060 107 4661 4663 037 058

P8 047 074 4880 4839 011 015

A Pl 057 172 059 046 060 168

P2 102 201 08 117 112 211

B P3 089 181 048 073 087 180

< P4 080 164 059 051 079 164
C P5 094 171 049 08 087 165

P6 091 137 208 134 08 124

D P7 097 131 2407 3508 081 097

P8 094 146 210 1563 083 122

A Pl 146 2% 08 103 148 298

P2 176 228 068 076 18 237

B P3 221 28 106 059 220 28

o P4 218 248 117 103 217 248
C P5 147 28 093 081 147 283

P6 153 202 103 063 150 196

D P7 175 204 278 090 167 175

P8 177 282 105 068 164 266

DM: dummy, SI: subject 1, P1: plate 1, T1: trial 1
SEF: spectral edge frequency
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Prince, 2004; Corriveau, Hebert, Prince, & Raiche, 2001)
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Z a7t As %_‘i ohe} FARAZEAL A ET} e
Aog YehgthAa 57). 224 Fz 7] Aol 1~2
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A 01 o °] s}fa XM Hsd A0 Uebich
6 ) = 16 bit
A/D 7}=5 *F% = @%‘4 Fz, COPoﬂ 3olE
wo]jzrl Aom flolEl7} HukAHoZ oy Aoz
Ueht g3k A A/D ke Aol Auue
AU YFS riAlE Zlos dddn,

Z

ki

e

Bertec (2006). Force Plate Manual. Columbus, OH:
Bertec Corporation.

Cappozzo, A., Croce, U. D,, Leardini, A., & Chiari, L
(2005).
stereophotogrammetry part 1: theoretical
background. Gait and Posture, 21. 186-19%.

Collins, J. J., & De Luca, C. J. (1993). Open-loop and
closed-lop control of posture: a random-walk

Human movement analysis using

analysis of center-of-pressure trajectories.
Experimental Brain Research, 95. 308-318.
Corriveau, H.,, Hebert, R, Prince, F., & Raiche, M.
(2001). Postural control in the elderly: an
analysis of test-retest and interrater reliability
of the COP-COM variable. Arch Phys Med



oo
=
of
ol
i
i
e
ol

ARG - AR - et

Rehabil, 82. 80-85.

Doyle, T. L, Dugan, E, Humphries, B, & Newton, R
U. (2004). Discriminating between elderly and
young using a fractal dimension analysis of
center of pressure. Int. |. Med. Sci. 1. 11-20.

Doyle, T. L, Newton, R U, & Burnett, A. F. (2005).
Reliability —of traditional and fractal
dimension measures of quiet stance center of
pressure in young, healthy people. Arch Phys
Med Rehabil, 86. 2034-2040.

Doyle, R ], Hsiao-Wecksler, E. T.,, Ragan, B. G, &
Rosengren, K. S. (2006). Generalizability of
center of pressure measures of quiet
standing. Gait and Posture, In Press.

England, S. A, & Granata, K. P. (2006). The influence
of gait speed on local dynamic stability of
walking, Gait and Posture, In press.

Ferdjallah, M,, Harris, G. F, & Wertsch, J. J. (1999).

postural stability
characterization ~ using  time-frequency
analysis. Gait and Posture, 10. 129-134.

Harbourne, R T, & Stergoiu, N. (2003). Nonlinear
analysis of the development of sitting
postural control. Dev Psychobiol, 42. 368-377.

Hume, P. A, Keogh, ], & Reid, D. (2005). The role of
biomechanics in maximising distance and

Instantaneous

accuracy of golf shots. Sports Medicine, 35(5).
429-449.
Korad, P. (2005). Kinesiological EMG. Phoenix, AZ;
Noraxon
Lafond, D, Corriveau, H, Hebert, R, & Prince, F.
(2004). Intrasession reliability of center of
pressure measures of postural steadiness in
health elderly people. Arch Phys Med Rehabil,
85. 896-901.
D, Duarte, M, & Prince, F. (2004).
Comparison of three methods to estimate the

Lafond,

center of mass during balance assessment.
Journal of Biomechanics, 37. 1421-1426.

Marey, M. (1873). De la locomotion terrestre chez les
bipedes et les quadrupedes. Journal de I’Anat.
et de la physiology, 9. 42.

Nolan, L, & Kerrigan, D. C. (2004). Postural control:
toe-standing versus heel-toe standing. Gait
and Posture, 19. 11-15.

Orell, A. (2000). The vertical ground reaction force for
analysis of balance? Gait and Posture, 12. 7-13.

Parker, K. (2001). Use of force platforms in physics
and sports. Physics Education, 11, 18-22.

Prieto, T. E,, Myklebust, J. B, Hoffmann, R. G, Lovett,
E G, & Myklebust, B. M. (1996). Measures of
postural ~ steadiness:  differences  between
healthy young and elderly adults. IEEE
Transactions on Biomedical Engineering, 43(9).
956-966.

Shrout, P. E, & Fleiss, J. L (1979). Intraclass
correlations: uses in assessing rater reliability.
Psychology Bulletin, 86. 420-428.

Stergiou, N. (2
movement. Champaign, IL; Human Kinetics.

Winter, D. A. (199%). AB.C. of balance during standing
and walking. Waterloo, Ontario: Waterloo
Biomechanics.

Yamada, N. (1995). Chaotic swaying of the upright
posture. Human Movement Science, 14. 711-726.

). Innovative analysis of human

: 1€ 26Y
:2¢9 64
;39 7¢

o> o>
>
>
1o 1o ue



