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°] folalth, A iAo, A&z A,
sEoF 5olA dE HAEHe ¢ ‘—q;&oi 7b
ﬁ‘(Gaussmn) TEXE e WAFZ st P

FH9E Alxdol gold HHe) Wrols, A}
HA EHAZRE 3G 2% Fuusd

BAE AAA (recursive) 02 &= LdagFoln},

Uwtdoz Zw YEE FAEY] YHAE
BT S o] dasty o g
Ay 7 Y4 eE 2AY €.

M
@

Xy =A X HW

z, =Hx,+ v,

A7 x, & TEFELY HH¥F, AT E
deo] Ho|3 A (State Transition Matrix), z, = &9
Wg, a3 ow,, v, © %% (zero-mean)ol
77t 8 QR B BEAHE A2 dHo] g
(uncorrelated) W43 WE Folr},

ot e A2 2dE 7ito g ZAvt gdH
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Kalman filter algorithm:
State estimate update:
X, =X, +K,(z,-HX,)
Error covariance update:
P, =(I-K H)P,

Kalman gain matrix:
K,=P,H"(HP H" +R)"
State estimate prediction:

X =A Xy
Error covariance prediction:
P =ARA{+Q,
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2T E2RE  Hd¥ 2418 (linear Taylor
approximation)g 3tAl €t} olaig WPoz dof
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Enter initial estimate %o
1 and its error covariance }_)u

K, =B H'(HP.H"+R)

““Measiurement ;
X, =X, +K,(z,-HX,)

T Oy PRy
Ba=ARAT+Q,

P, =(I-K H)P,

4 E &% Z7 PE|(Extended Kalman
o}, °] AR R “]H‘ﬁ E“ég o}F F
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3.1 AEf 2HE4

Al2"E 298 37 gelde ¢4 Adud
& A9 dtoof Frh B TN /\}%I’L el
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(Euler angle)Q! E(roll), 3 X (pitch), L.(yaw)2} Alo]
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T
x={v. 6 4 o, o, o,] ©

Aol2 AN FHE A= 29 74
< 9 {3 22 BAE #edt

O()=W(O(t) w(t)

(1) 0y ()
O=| 8(t) |, a(t)=| ay(t) €Y
o(t) @5(t)
1 siny(t) tanB(t) cosy(t) tanf(t)
WO®))=10 cosy(t) -siny(t)

0 siny(t)/cosb(t) cosy(t)/cosb(t)
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Upper Body Moation

Roll

Pitch -02 0.2

Roll — wy(t)=8.6°xsin(2nx t)
Pitch — 6(t)=11.46°xsin(2n x t)
Yaw — o(t)=35.73°xsin(4nx t)

Fig. 2 The motion trajectory of upper body
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Ax G4 A2 (image processing)oll W& At A
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Table 1: Filter parameter

Process covariance 10000
Gyro sensor
Gyro sample rate 100 Hz
Gyro bias noise 0.5 Degree/sec
Gyro noise variance 1 Degree¥/sec’
Vision sensor
Vision sample rate 10 Hz
Vision noise variance 0.1 Degree’
Vision delay 0.1 sec
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Fig. 3 The level of the sensor fusion
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Orientation Estimation(MF)
20

Roll [ Degree |
o
o

10 °
9 9.2 94 96 9.8 10
Time (sec)
@
e
o
D
a
=
s
.ﬂ_.-
9 92 94 96 98 10
Time (sec)
20
"
2
(-
O
(=]
z
o
o
9 92 94 96 98 10
Time (sec)
Fig. 5 Simulation result using MF. (solid: true

orientation, dash: estimation, x: gyro, o: vision
data)
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Fig. 6 TTF : Track to Track Fusion
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orientation, dash: estimation, x: gyro, o: vision

data)
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Fig. 12(a) MSE value of estimation (left: roll, center:
pitch, right: yaw)
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Fig. 12(b) Computation time of each method

45

6. 28

EAME 93N §8E A& 2 9
BE o8¢ du¥d §TZE T A3 By
o 53] & dFoxg Zo] =YZETL e A
ol AMet BEY Azto]l U Bl Ao FE
of aiX Zzte] 1 Txo A 2o AY
€ 7Y oA J&d Bol AHEHI e MF
Aol TTF 2ol v} MTF 49 gg 72
FAE R OA Al diEiA Mg 2EHYE
glstgich.

N

%7

2 A7e IFHeQ IYRAIIEE
FATHEE B3 ¢ dTA A7 Y
Ty @EBK)21 A gYoz £PEHAEU

S gk oy |

1. Navarro, D. Z., “A Biped Robot Design,” PhD thesis,
Freie Universitéit Berlin, Institut fiir Informatik, 2006.

2, Gienger, M., Loffler, K. and Pfeiffer, F,, “Walking
Control of a Biped Robot based on inertial
Measurement,” Proceeding of the Third IARP
International Workshop on Humanoid and Human
Friendly Robotics, pp. 22-29,2002.

3. Hirai, K., Hirose, M., Haikawa, Y. and Takenaka, T,
“The Development of Honda Humanoid Robot,”
Proceedings of the IEEE international Conference on
Robotics and Automation, Vol. 2, pp. 1321-1326,
1998.

4. Kim, J. H., “A study on the Realization of Dynamic
Gait for a Biped Humanoid Robot,” PhD thesis,
KAIST, 2004.

5. Brown, R. G and Hwang, P. Y. C., “Introduction To
Random Signals And Applied Kalman Filtering,”
John Wiley & Sons, pp.190-228, 1997.

6. Greenwood, D. T, “Advanced Dynamics,”
Cambridge University Press, pp.140-147, 2003.

7. Roecker, J. and McGillem, C., “Comparison of two-
sensor tracking methods based on state vector fusion
and measurement fusion,” IEEE Transactions on
Acrospace and Electronic Systems, Vol. 24, No. 4, pp.



U2 2GR AYFEHHA] A2 P A4

447-449, 1998.

Qiang, G and Harris, C. J., “Comparison of two
measurement fusion methods for Kalman-Filter-
based multisensor data fusion,” IEEE Trans. on
Aerospace and Electronic Systems, Vol. 37, Issue 1,
pp- 273-279, 2001.

Gao, J. B. and Harris, C. J., “Some remarks on
Kalman filters for multisensor fusion,” Information
Fusion Journal, Vol. 3, No. 3, pp. 191-201, 2002.

46



