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Attitude Estimation for the Biped Robot
with Vision and Gyro Sensor Fusion
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Abstract: Tilt sensor is required to control the attitude of the biped robot when it walks on an uneven terrain. Vision sensor, which is
used for recognizing human or detecting obstacles, can be used as a tilt angle sensor by comparing current image and reference image.
However, vision sensor alone has a lot of technological limitations to control biped robot such as low sampling frequency and
estimation time delay. In order to verify limitations of vision sensor, experimental setup of an inverted pendulum, which represents
pitch motion of the walking or running robot, is used and it is proved that only vision sensor cannot control an inverted pendulum
mainly because of the time delay. In this paper, to overcome limitations of vision sensor, Kalman filter for the multi-rate sensor
fusion algorithm is applied with low-quality gyro sensor. It solves limitations of the vision sensor as well as eliminates drift of gyro
sensor. Through the experiment of an inverted pendulum control, it is found that the tilt estimation performance of fusion sensor is
greatly improved enough to control the attitude of an inverted pendulum.
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Fig. 1. Attitude estimation procedure of vision sensor.
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regulation control by vision sensor

2]

potentiometer USRS SOUPOON
* vision sensor

E-Y

angle{degree)

0.1 0.15

time(sec)
a9 7.8 Al o] ApAAe] A3t
Fig. 7. Attitude control results of inverted pendulum by vision

0 0.05

Sensor.
2 o & Tk WA Adel AEY ) wY AR
Aol #7le] F88) B4 93, FAN A ¢ EE 2]
wgo] gl AAje] AA ANE Az S4eA Zaje =
24 Alofald] Fta WAk
2. 7 MAMe| XtAIx|of
AN FHe A% A WEe FY Seueuning

parameters)= ZF2} ¢ =1000, R =0.1, R =0.0001°] T},
A WS A Y S 0m2 o Solors A
Vst A& 0y 82 4 ¢ F A A
F7 Az Addo] AAe gl A} & 7
S Hew
T AN zﬂoa & % glojof
ki ohAwsh 2E may iﬁc’l ) Ao 2R
ek H 9RAE BH AAE 2HzO) V1SS
= A7k AA5d A& & & Ak AR F
Aol ol oAb e of 12 4EQIH o) Aol
AAM7F A7Fd MEMS #Zte] = Al o] 7] wjsgel] =4 ARE
A A(time delay)©] °F 30msec &= TAste] YEh = @xfo
th 2 AFoxe FA "= H)H MM =4 A7 X
vhS WA $= glan ApolE AlM e FA AR A4 )
WS S Q7] el oleAezE Y i AN
AZE Ale] WA ST 3 AR AQle] gl e

e
X
N
)
i1
3
QL

¢

mlo

ﬁr&r}i
Er&_

I
ofN oX T

e}

24, 2493
regulation control by fusion sensor
2 T :
— potentiometer
AR ===fusion sensor [
’EF 0 ........ o U T - ﬁ':'_' -
] :
% _1 ............................................
2
B ool
=]
c
[ _3] .......................................... J
_4 ]
-5 i i
0 1 2 3
time(sec)
a9 8. 74 Al ZAA|o] AR - Regulation.

Fig. 8. Attitude control results of inverted pendulum by fusion
sensor - Regulation.

tracking control of fusion sensor

— potentiometer
===fusion sensor

angle{degree)
o

time(sec)

% 9. F A ] ApAlAle] A,
Fig. 9. Attitude control results of inverted pendulum by fusion
sensor - Tracking.

Z]—O]i /K‘]/\ﬂi /\]_ ]—E}-U:] x]_/(_“ z;q _Q_i]’—‘:; %017‘;:‘ _)F
A =8 Az} Agd 9ol vld A uF AL}
© A AJ7F Aol 100msec”HA] WAEA R FA Al
o] 7% 30msectt eI, MEZE Fule wd v)d 4l

= T
HlelA] 22 4ol S7F A7) wiEel =3 XIAE Al

V. EE
 ATeAE 718 v AEY AR e Al
T3 LaEFE A vF AA e} Aol = A o] Fitel A
£ F dEs BRItk Rl AM= AER Tt
VAl A AIRE A9 of wek T3] wiiel] Wy 2ol #}
A& Alofslrlel d5o] T3] &tk o]& 437 $3
01 H]Zd ﬁ*ﬂi 718 MEMS Afol& A} g8ttt

v AlA o] vhe AE Faeet 5
WAk ofe} Aol & AlMe] EFTE

F ook A AKe] A dEe A9
(o) ==4
T’:

=]
RN

517 50 oAl s,
vy 2] 4 S =g 2ol A

Aol 8= 4



HIE dAeE X012 diAMel

th 2 A3 v AN E TR0 R AREE A =1 21
AAAAE FHE7|olE 1 dTo] FES Xl eFol uhks)
Sk AR SR Aol A Bl AMRES ARESlE
o} vuiste] WET FIETE H 4 40M) —0‘7]'0}—1—(“] Al
Aol Hd A& Tk 25Hz) 5 T4 A7 AQe] 173 o)
AAR AL skt 774 ARE Ade] A Aol Al
Ae] AdEel &S HER, dTo]l 2 Aol AME
ARSI F74 AIRE A& ARPAAl vk A o2 7
AM7F B8 w3 AAAle] ThsAe] s ARHow
selatslth

EHDEH

[1] H. Rehbinder and X. Hu, “Nonlinear pitch and roll estimation
for walking robots,” Proc. of the 2000 IEEE international
Conference on Robotics & Automation, San Francisco, CA, vol.
3, pp. 2617-2622, Apr. 2000.

[2] Y. Sakagami, R. Watanabe, C. Aoyama, S. Matsunaga, N.
Higaki, and K. Fujimura, “The intelligent ASIMO: System
overview and integration,” Proc. of the 2002 IEEE/RSJ Intl.
Conference on Intelligent Robotics and Systems EPFL, pp.
2478-2483, Oct. 2002.

[3] J. Kim, “A study on the realization of dynamic gait for a biped
humanoid robot,” Ph.D. Thesis, KAIST, 2004.

[4] S. You and U. Neumann, “Fusion of vision and gyro tracking for
robust augmented reality registration,” Proc. of the Virtual
Reality 2001 Conference, pp. 71-78, March 2001.

[5] R. Kurazume and S. Hirose, ‘“Development of image
stabilization system for remote operation of walking robots,”
Proceedings of the 2000 IEEE International Conference on

Robotics & Automation, San Francisco, CA, pp. 1856-1861, Apr.

2000.

[6] H. Rehbinder and B. K. Ghosh, “Pose estimation using line-
based dynamic vision and inertial sensor,” IEEE Transactions on
Automatic Control, vol. 48, no. 2, pp. 186-199, Feb. 2003.

[71 D. Hong, H. Lee, H. Cho, Y. Park, and J. Kim, “Visual
gyroscope: integration of visual information with gyroscope for
attitude measurement with gyroscope for attitude measurement
of mobile platform,” International Conference on Control,
Automation and Systems 2008, pp. 503-507. Oct. 2008.

[8] M. Song and Y. Park, “Multi-sensor data fusion methods based
on the Kalman filter for attitude and vibration control of the
biped robot,” Journal of the Korean Society for Precision
Engineering, vol. 25, no. 4, Apr. 2008.

[9] M. Song, “Fusion filter of multi sampling rate sensors for the
attitude control,” Master Thesis, KAIST, 2008.

[10] C. Schmid, R. Mohr, and C. Bauckhage, “Evaluation of interest
point detectors,” International Journal of Computer Vision, vol.
37, no. 2, pp. 151-172, 2000.

[11] E. Trucco and A. Verri, Introductory Techniques for 2-D
Computer Vision, Prentice Hall, NJ, 1998.

[12] R. Hartley and A. Zisserman, “Multiple view geometry in
computer vision,” Cambridge University Press, Cambridge,
2000.

[13] G Welch and G Bishop, “An introduction to the Kalman filter,”
UNC-Chapel Hill, TR95-041, July 2006.

sES St 2¥ 2R TNl =3 551

[14] J. B. Gao and C. J Harris, “Some remarks on Kalman filters for
the multisensor fusion,” Information Fusion, vol. 3, no. 3, pp.
191-201, Sep. 2002.

[15] S. An, J. Kang, L. Lee, and S. Oh, “SLAM with visually salient
line features in indoor hallway environments,” Jowrnal of
Institute of Control, Robotics and Systems (in Korean), vol. 16,
no. 1, pp. 40-47, Jan. 2010.

[16] M. Kim, S. Ahn, and H, Cho, “Bayesian sensor fusion of
monocular vision and laser structured light sensor for robust
localization of a mobile robot,” Journal of Institute of Control,
Robotics and Systems (in Korean), vol. 16, no. 4, pp. 381-390,
Apr. 2010.

gt x|
= =

A

20083 =S| A &
4. 2010 & WiEd A Z4. 2010
~AA = sk v} 3. #ARol

= AEAlo], AlojolE, AzAd.

i o &

1980 Mgt 7]AlEek E41.
19821 & g AAL 19871 Univer-
sity of Michigan 2AL 19871d~198811

: ~ University of Michigan Research Fellow.
‘ ‘ 198813~1990%1 New Jersey Institute of
a Technology Assistant Professor. 1990%3~&]
Al F=AE 7w 7IAEE Y wg. BAEokE AR, 3
A S, 5 e B Ao, MR A, 2] Qb
A Alof, Ao AT, Aojo]E, AR1IAo], AJ~E

o
U & 4

19723 MEdista ZAlE s} E4.
19793 lowa State University AJA}. 1981
d 5 oishy 9L 1981 d~19841d &t
FeplEd AdATL 198433 A
Sl 7AE s wg B

Hope Fosh A% 0 A% Ao, T

73 WA, 717 B miyEeolEe] Te), K]

2 9 5t
2005 AlgEal 7 ASEE &
4. 2010 S=rEr)Ed 71AE e
Al £, 20109 8E~&AA) 5 ekl
AT, IR Fok= Fr)AFer A
—LH H]X% o:i}\]—;(%ﬂ 44—6]—}\]/\8 A



