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Development of a walking movement analysis system of

three dimensions that can be used in the field

Kazumasa YANAGAWA

Abstract

The purpose of this study was to clarify the effectiveness and
possible problems that may occur when using the walking movement
analysis system of three dimensions in the field. Cinematography was
performed using an optical signal with four sets of digital camcorders
synchronously. First, in order to clarify measurement accuracy, the
error of distance and angle in the actual value and calculation value,
was examined. Next, the walking movements during free walking in
the field using this system was analyzed employing ten young men, and
the variables were compared with studies preceding this study. The
following results were obtained:

1. It is more desirable to digitize using large projectors, such as a
huge screen, when analyzing fine angles or distance of images of the

whole body that is photographed.
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2. It was thought that if the definition of each joint angle or the
height of toe at heel contact is the same, the value of each variable
acquired is similar to preceding studies. Therefore, it can be concluded
that this walking movement analysis system of three dimensions is
effective.

When analyzing images, it is necessary to raise measurement
accuracy and to consider error factors irrespective of the field or

laboratory.
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WAk, 18~ 2R L BT 1108 Th - 720 MO LRI
B3, 4EMR 5 19.4+1.25% (mean=SD, LI TR, S :170.846.2
em, FHE :79.746.5em, 1R :64.146.7kg, TH-72, %B FHER
B O KER 12> 5 KT & TOSMEREHES L7z,
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(ToMoCo-VM, HEs 2748 ICENVEREOERET VI 4 X LT,

Y, WERBEZWS2ICT 5720IKDZ & 2fr-7z, WEZER &%
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E, KD 4F¥ D 6 mikE L7z, fih (x:24em, y:11.5em, z:6.7
em), 41 (x:30em, y:15cm, z:39m), it 2 (x:35.5cm, y:31.5
em, z . 26cm), FiK (x:53em, yv:36.6cm, z:32.5em) THbd, THHD
Mo X, y, 2 BAEIZIRIL TB Wiz, BERTS 2T ALY, ZhbD
RO X, y, zEEEERL, s GLME—J20E) % x, y, z RS
SRR L7, 29 LTl sNT =2 2 HWT, TR 2 RO, (T
BO3IMORTAELAFM L, FUME L o#ELME L (K1), &8
BB, x, v, z3812, Z4LOFEHE L Lz, o7 8 4 X3, #9120
A v F =2 — ({fft30cm X fifd0cm) & #J884 > FE KR 7 1) — > ({t134cm X
f§178cm) & W T & 4 5 247> 72,
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xR 1 AEREEE o ek (i)
. FERE 204 > FE=5 — FUE HR2 7)) = FEfiE
(cm) S (em) Lo BHYE (em) LD
X 2400 22.0(£1.27) -2.0 22.5(+0.52) -1.5
y 11.5 8.0(£1.27) -3.5 11.5(%0.52) 0.0
4 6.7 6.0(£0.52) -0.7 5.9(%0.25) -0.8
total | 6.2 | total | 2.3 |
1 x 30.0 29.0(£0.73) -1.0 27.8(+0.40) -2.2
y 15.0 10.0(%0.79) -5.0 14.2(£0.54) -0.8
z 39.0 34.0(%0.95) -5.0 33.6(%0.50) -5.4
total | 11.0 | total | 8.4 |
F2 x 35.5 35.0(£0.00) -0.5 34.9(+0.34) -0.6
y 31.5 25.0(£1.07) -6.5 31.0(%0.37) -0.5
z 26.0 26.0(%0.00) 0.0 24.4(%0.51) -1.6
total | 7.0 | total | 2.7 |
K x 53.0 53.0(£0.00) 0.0 52.9(%0.44) -0.1
Yy 36.6 35.0(£0.76) -1.6 36.9(%0.57) +0.3
z 32.5 30.0(%+0.74) -2.5 29.8(+0.40) 2.7
total | 4.1 | total | 3.1 |

BHE D 722 A4 X% A AT VR L 72 (% 4 AR HiEE X 4 =16data) Pl

mean (+SD)
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1),

RSB LT, S8/ BT 2 8 & Irod JEIIE X BILE & o022 (ki)
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®2  NERZ O (%)

i FERE 204 v FE=F — JLME BERR 7Y = LM
(deg)  HiHfifi (deg) Loz FME (deg) ronk

v 1 90.0  92.6(%1.53) +2.6 91.2(+1.34) +1.2
2 90.0 95.9(%1.37) +5.9 88.6(+0.45) -1.4

3 90.0 80.6(+1.43) -9.4 92.3(+0.49) +2.3

4 90.0 87.0(%1.68) =-3.0 88.9(+1.52) -1.1

5 90.0 96.7(%1.16) +6.7 90.3(+1.60) +0.3

6 90.0 96.7(+0.86) +6.7 89.6(£1.79) -0.4

7 90.0  94.9(£0.98) +4.9 90.1(+2.02) +0.1

8 90.0 84.5(%1.30) -5.5 89.8(+1.01) -0.2
total | 44.7 | total | 7.0 |

11 90.0 86.7(£1.09) -3.3 90.4(+0.65) +0.4
2 90.0 92.5(+0.67) +2.5 89.9(+0.47) -0.1

3 90.0 87.3(%1.15) 2.7 91.1(%0.62) +1.1

4 90.0 93.6(%1.06) +3.6 88.8(+0.63) -1.2

5 90.0 86.3(%1.02) -3.7 90.9(+0.95) +0.9

6 90.0 85.4(%0.58) -4.6 88.8(+0.62) -1.2

7 90.0 94.2(%1.16) +4.2 90.2(%0.56) +0.2

8 90.0 93.4(£0.84) +3.4 90.7(%0.53) +0.7
total | 28.0 | total | 5.8 |

B2 1 90.0 91.6(£0.74) +1.6 90.3(+0.41) +0.3
2 90.0 87.1(%0.62) -2.9 90.1(+0.87) +0.1

3 90.0 91.3(£1.06) +1.3 90.2(%0.73) +0.2

4 90.0 89.9(£0.78) -0.1 89.4(+0.38) -0.6

5 90.0 88.8(+0.82) -1.2 90.4(£0.44) +0.4

6 90.0 90.2(%0.62) +0.2 90.5(%0.37) +0.5

7 90.0 85.5(%0.73) -4.5 89.7(+0.63) -0.3

8 90.0 95.2(%0.79) +5.2 90.7(+0.81) +0.7
total | 17.0 | total | 3.1 |

K1 90.0 91.5(+0.85) +1.5 90.2(+0.81) +0.2
2 90.0 87.3(%0.96) 2.7 89.5(%0.17) -0.5

3 90.0 90.4(£0.67) +0.4 90.3(%0.40) +0.3

4 90.0 90.3(£0.72) +0.3 90.5(+0.57) +0.5

5 90.0 89.8(+0.88) -0.2 89.3(+0.45) -0.7

6 90.0 89.9(£0.99) -0.1 89.4(%0.29) -0.6

7 90.0 89.5(%1.04) -0.5 90.1(+0.41) +0.1

8 90.0 90.8(%0.90) +0.8 90.9(£0.49) +0.9
total | 6.5 | total | 3.8 |

B D 728 4 X2 4 lfT WL L7 PfE mean (£=SD)
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®3  BHPFTIIC BT 5 LATHIE & ARFIRD LD ILiK

SEATHESE NS s
E¥ (n9) (n=10) i 5okt
AT M (m/min) 75.6 (+ 7.67) 86.5 (£13.60) p<0.05
27 v 7 E (m) 0.68 (& 0.047) 0.67 (£ 0.063) NS
25y 7R/ & 0.79 (£ 0.048) 0.84 (+ 0.072) NS
#73 (steps/min) 111.0 (£ 6.07) 115.8 (+£19.38) NS
T SRR (%5 GC) 23.9 (£ 1.29) 24.6 (£ 6.36) NS
B LI D T 5 (em) 8.5 (+ 0.97) 6.1 (£ 1.44) p<0.01
Bl M T/ IR 0.098(+ 0.011) 0.077(% 0.018) p<0.01
g
R 25 MR £ 1 (deg) 93.1 (% 2.49) 86.7 (+ 3.27) p<0.01
TR BfbIE D 7415 (deg) 86.7 (£ 2.30) 92.7 (£ 3.36) p<0.01
BE 4% (deg) 6.4 (£ 1.75) 6.0 (£ 1.65) NS
g BE
FE RO fAFE (deg) [ 175.7 (+ 2.15) 162.1 (£ 3.26) p<0.01
TEEERE O F9E (deg) © 139.9 (£ 6.02) | 130.8 (+ 6.98) p<0.01
A (deg) F 60.1 (£ 6.68) i 549 (+18.85) NS
JEBE 2 %
BRI fE (deg) | 94.9 (+ 1.23) kr 68.8 (+ 6.19) p<0.01
TR f1 1% (deg) | 109.9 (£ 5.48) 84.1 (£21.55) p<0.01
A EZA (deg) [ 27.2 (£ 6.41) 37.3 (%£26.34) NS
R AL R R R & TURBEIR: O 4 P o 25 mean (+SD)

FYPEZANL - — AT I 51T 2 BIE 1 L D FoK Al & e Mo 22

Th LN FEBR R FOBEDMNT 21T - 72, £ 313, AHBATHICED
2 JEATHESE (B S 2002, 2003b) & ARFFREDBATEKD IR Z /R L72H D
ThHb,
RATHRDT =213, ROFREEIZLINVHLNLLDTH D,
el 13, MW ZwEH (21~24%) BT 9 Fo
A7 1HEIZE D 2 ROCHERIENTIC L ) 2 < L2 R (RBIH
COLHETICET 228 IN) o R ET &R BET DM, T=F X —
PR A MU ViU
SEALREORBIET A (3, (1807, PB4 (2121F90° & % ), L
PIREDEIZ & ) 77— HiIEL TW 2
AREEDMIER, Be— KR /KPFROETME L L7z,
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NEALIRFOMEIZ & ) BB EE DR IE 24T > T Ze o,

KD MEEL, # 7 SAME— A KR T O b s — KR O 5 &
L7z,

FATWESE IR L C, AW B S ATHRE AR IC#E ) -7 (p<
0.05), X502, WREEICH XD HNE8IE, WD LS,
PR HIED e S Tk, BEEHEo AR (e, RBIE, 2RED), IR
SeHEMEREO ML ((Ree, WRBYHET, B TH o7z, WREoBfime, I
B X LB O ML B IO SN o 72,
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ARWFSETIE, 3 RICHATEMEMNT S X T L DUEREEME2I2T 5 2
&, FEERTT7 4 — v BT S BATENEZ T L 2 0 241 2 R S
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2T, A ZATLOWEREZ M LP T 72002, FxD 2 Rl
Bt L 3D T MEDRNTZ2AT 572, K1, £212LY, 204 v FE=%
—EDERRZ) = 2T T VI A4 X LTS, Ml ML LIcT
VA RBEHNE N DAL LT 572, RIFFETIE, —LA1.8mD
SR ERER Y L, MRE O 1BAT R 2 T Ic V72, BIRaR93E
ABERZH, BEREIHNDT V4 XeiTo 284, M Z2BfED iR
PCZERPRETH L, Thbb, RRHAEED/ NS LRHEOMIEL
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HEE L, MAFOfEIZ L) F—2MIEL T2, —J5, AWFRICET 5%
B D MEE L, KiE T — KBRS YMI_E3E — SR ok 30, LB f 1
13, KBAEIMU - AR - 5 PR HEORTAE L LTB Y, Tk
DEIZ &) T —=FHIEL TW v, (REDFAEIZOWTIE, BITHIE, &
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i O EFEDT L THIUSE, MEERICH B2 3RO 6 L7 WilREME
i,

Bl MRy 0 TS v, B MRG0 TR R FIRR IS D W TR L T A 5,
ARIFZETIE, BHEOWNM GE 13L& oMM LK E TRk % 5
RE SEw & L, BATHFRTIE, BRI 8 1REIEO M) &K
TOMRER MO R & Lic, TOEFRDENIT LY, RIFSEoM
FHWRFOINEE PN E otz b D HZ bih, Tz, AR TIE, BHE
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W R G- 2 72TRENE DT T E v, BATENRICREEE 52 2 WX
Blo—7 =252 &) CERILETH S,

Db Z iz k V), HBIEAECEAEFEO LD EFEE F—I1c Lz
% 5lE, BEBICE L TRITHE L IZIBFRBEOMES R LN LD EHZ 5
Mo, L7chi=>T, AR3IRICHITENERITS 2T L 13AFTH 5 5w T
&5,
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L72e ZD%ER, UTDOZ LD LEDITH -T2,
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