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Basic research on gait evaluation of toddler
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Abnormal gait pattern in young children with cerebral palsy is not easy to distinguish from abnormalities which are
caused by orthopedic diseases and gait pattern due to individual habits. Gait measurement using an accelerometer can
detect temporal pattern that cannot be confirmed visually. On the other hand, there are still problems during measurement
using accelerometers. Since the sensor output includes the gravitational acceleration, it is not possible to extract and
evaluate only the acceleration which is caused by movement. In order to analyze gait in more detail using acceleration, it
is necessary to remove the gravitational acceleration included in the accelerometer output. Therefore, in this study, as the
first step in trying to identify abnormal gait in young children, we will evaluate gait patterns of healthy adults and toddler
using dynamic acceleration, which does not include the gravitational acceleration. We focus on the coordination of

dynamic acceleration and angular velocity.
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Tablel Participants’ physical characteristics

Healthy adult Healthy child
Height/mm] 1536 800
Weight[kg] 54 10
sensor
Y @
X
z

100% 509@\ sensor

O, . -

Fig.1 Sensor position and coordinate system
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Fig.2 Angle definition and reference coordinate system

3.2 ¥HAAE

H LA IIESEENC K> THEL DY A me o O EED Z E N TR0, MHEY I B155
A E SIS & MR D ELN AR E VT — L - By T - 3 —AOEEEEHT 50,
BIOMEEEZHNDZ LKLY, a—fA - By TFAoPEL2X1), Xz rickRFLnTES.

‘A M
y
1iAz (_T[S(I)AST[)

Pyp = tan™

_iAx
/iA§+—iA§

ZIT, @u OTEUVIEERICBIT S a— L, By T AONMETHS.
I—FADOYIAEREHICAW GRS T HINE, 50 COBATLIC L D ELAREL THWS.
WEAGANVELIZ J DB LI21%, HAMHIEEZ1T ). MR e o VMER L7256, Wi ErE R
HTBZENRTERL 25720, RO)IRITHEREZ AV TEPRAE TS 50,

1

6, = tan~ (-mr<6,<m 2)

“m, cosf  singsin@ cos@sing|[my
‘my,| = [ 0 cos —sing myl 3)
im, —sin@ singcosf cospcosOllm;

I, 'mIMERRAELAMIE LR TH D, MHEARLEER OIS E WA Z LICL Y, B EERICBIT
5 A —AOHIEIZ @) TRT LN TE S,

Y, = —tan™?! ‘:my (T <y, <7
m im, m “4)

3:3 BMERIZEITZEUHDERA
O—/Lff « By T - S—AOWSEE, Uy A utr P HAEHNTROICEVREET A ZENTE S,

[No.23-18] BA#HF < Dynamics and Design Conference 2023 [2023.8.28—31, ZHEK¥)



wx
wy

Wy

0 cosp —sing
1 singptanf cosptan®

[0 singsecl cospseclH
©)

P
6
¢

ZIT, Y, ¢, iFENEAE LA By T S—AOHNMETHY, wy, 0y, w i 3HEIEY Oy A 1
TUHHNTHD. RS ER(Q) ~EHAT L LIk, BETO P RBMEBRGIRTHZ ENTED.

P W

Y
6 = [|é|at+ |6 (6)
Pliva (] 4

T, LY, 6, @K+ TR B R— M - By T - I—ATHY, HLOP, 6, plIFKItiC
JHu—L e By T e I —AERT

3:4 WRANLTUIT L2 ERAN - YDOEBHTE

BEHEEDT- D DR N~ T 4 N Z T D1-0I2, BRI > X7 L 25T 5. FERRRE
FRERL, BEROREMAEE T 52(6) & VTS 5. BB RERIY, 3 —AORHE(4) &k
TV ERCTHEET 5. FERIRIRRE TR, IEREBI A2 2 n2n(7), X@)I=T.

Xepr = FQx) +wy ™
Ve = H(x) + v, ®)
=771,
Yie
Xe =0
Pit
Y+ sin;, sech_ta)yi‘t *Ts + cos;psecO;  w, - T
F(xt, CUt) = Hi,t + COSP; Wyt~ T, — Sin(pi,th,t - Ts
i+ Wy, Ts + sing;tanb; wy, ¢ Ts + cos@; ctan; jw,, ¢ - T
[llimi,t]
A, .
Ve = |
‘ | Ayi.t I
lAZi,t
Y
0
Hx) = (°R){ O]
g

ZIZT, ot t+ UIREA AR LTEY, w,, v IIHOMETHD. JLEI N~ T 4 N Z EfFE DI, F(xy),
H () DRI (xp) & h(xe) 2 En2n9), KAWTHHT 5.

OF (x;) ©)
0x;

flxe) =

[No.23-18] BA#HF < Dynamics and Design Conference 2023 [2023.8.28—31, ZHEK¥)



0H (x,)
0x;

h(x,) = (10)

PEX Y, XKAD~KA5)THRINDIEIPEERFEFR S AT 22 HWT, FHIAT 7 EAD~12) &7 40
2N ATy (AN~ S5 DB RDILREA N~ T 4 Z T AT X LEHEEEIR S 2 F TRV IR
LEtRET 2 Lok, YIRS EHET S.

Xep1 = F(x) (1)
~ r (12)
Py = fiPefi +0Q

(13)

K1 = Poghlyy (heyi Pl + R71
_ _ 14
Xe41 = Xgp1 T Kt+1(yt+1 - H(xt+1)) (14)
(15)

Pev1 = (I — Keyrhey1) Py

DI, PHRBGEESHATI, KIIH~ A v, QIR ERICK T 5 7 mt 2 ) A Aw, D353
175, RIFFERIEELI TR féﬁﬂ/4xw®t“ﬁﬁﬂf&é X1 P EEAt £ COEHRE AT
HEE U724t + 1S DIRRE R LRI BUTHITH Y, xppq, Pr13FEAE + 1E TOEHRE WV THEE L 72
RiZlt + 1T DR ERE L BRI THITh 5.

3:-5 #ER
AMFZE Tl sensorl Z A M), sensor2 ZZEMNZHEE LT\ 5. 3IF— TR T AIEEOREREZ R LT
BY, K413 HTHEBICB T 2AFEOREREEZRL TV, (a), OIIREFEA, (), @TEFEHEDrT 7T
BB, MEERS XOEEE & HIC/BEFHEOFVEFERA LY LRITEOIL S > X I RE VW BIERFEROER T
H5D.

’—x-A\;E. ,‘S‘.D. —X-AV‘E iS‘D,
—. | TAVE CIIAEy v
%107 Z-AVE. +S.D. i {\,;,107 . +8S.D. B
E £
5 5
B kS
< b
3 @
- Il Il Il 1 - " Il " Il " Il L 1 L
10O 20 40 60 80 100 100 20 40 60 80 100
Relative time in gait cycle [%] Relative time in gait cycle [%]

(a) Sensorl on right limb (healthy adult) (b) Sensor2 on left limb (healthy adult)

T T
T T
——X-AVE. +S.D. —X-AVE.

+S.D.

[ ---%3D. ——Y-AVE. --- =S.D
PRSI | 10| A -5 ]
E E |-

S 8
£ =
) @
] [
L L L L - L L L L
W20 40 60 80 100 W20 40 60 80 100
Relative time in gait cycle [%] Relative time in gait cycle [%]

(c) Sensorl on right limb (healthy child)  (d) Sensor2 on left limb (healthy child)

Fig.3 Dynamic acceleration change in one gait cycle
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Angular velocity changes in one gait cycle
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