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A Compensation Method of an Accelerometer for an Acceleration-
based Disturbance Observer Control of a Robot Manipulator

B & &4, 8 &7
(Yeong-Geol Bae' and Seul Jungl'*)
'Mechatronics Engineering Department, Chungnam National University

Abstract: This paper presents a compensation method for an accelerometer to measure acceleration data accurately when a robot
manipulator moves slowly. Although the accelerometer works fine under the fast movement of a robot manipulator, low cost
accelerometers provide relatively inaccurate acceleration data under slow movements. In order to correct the error of the sensor
data in the slow motion, correction factors are obtained experimentally. Then those corrected data are used for the disturbance
observer. Experimental studies of the position control of a robot manipulator are conducted by applying the DOB (Disturbance
Observer) control using corrected acceleration data.
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Fig. 1. Home service robot.
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Fig. 2. DOB Control block diagram for a robot manipulator.
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Fig. 3. Acceleration by an accelerometer and differentiation.
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Table 1. XA3300 performance characteristics.

Parameter Condition Value m
Rate Input Continuous + 100 “/sec
Range Instantaneous + 300 “/sec
Acceleration Continuous + 1.7 G
Input Range Instantaneous + 1.7 G
Roll, Pitch, Static Error <0.5 °
Heading Dynamic Error <2 ¢
Accuracy Heading Error <1 ?
Resolution 0.05 ¢
Bandwidth 20 Hz
Update Rate < 100 Hz
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Fig. 4. Accelerometer performance test system.
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Table 2. Performance of test result.

Desired acceleration (g) Experiment result (g)
+ 0.3 + 0.3
+ 0.15 - 0.15 / +0.18
+ 0.1 - 0.11 / +0.14
+ 0.075 - 0.09 / +0.12
+ 0.05 - 0.06 / +0.12
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Fig. 5. Experimental setup of using a manipulator.
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Fig. 6. Control hardware structure.
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Fig. 8. Data of accelerometer under slow motion.
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Fig. 9. Data of accelerometer on fast motion.
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Fig. 10. Experimental data of various acceleration values.
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Fig. 11. Data comparison between difference method and an

accelerometer.
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Table 3. Compensation gain in relation to maximum velocity.

H )4 S (nvs) HAGA(K,) bias(offset)
0.037 0.1 0.01
0.074 0.3 0.03
0.143 0.6 0.07
0.279 0.85 0.1
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Fig. 13. Acceleration data before compensation.
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Ermor about ¥ Axis

0015 T T T T T
| H H PD Cantrol
- With ABDOB

0o :

L1 R R N ——— —
E o S
=

E e Y P — b R R — S

L NN 4

0.015

0 12 14

Time(s)

915, 2 vloBE ©]-&3 DOB Ao 23}
Fig. 15. Result of DOB using compensated data.



656 Yeong-Geol Bae and Seul Jung

% 10° Ermor about ¥ Axis

T T
compensation
Without compensation

0.6 f------f- 1% 0H

Time(s)

19 16. i EE o1 E] o] 9| A of 2} Al A HAg o) A,

Fig. 16. Relationship of the position control and the compensation

of sensor.
V.28
B Aulz 23e) quEdold Aol A% e
#I3l DOB T2F A4Fell slol 94A dlolElE mEske

AL sl 4% A4 HolElE A3 DOBYl H&
1o s 7&shnt A AlAe] e
ols) wEE Hlg-S Haskely] fistel wlmH A7t
AR o™ Ao A 2 IAHL AR =
Rshlck =@ A7kel gAYl e A
Holelel oA wHs) w8 Aumes R Ax
ZZslo] 14T e R
ols} 2 FHo 2 WA L% AN EHolEE olgF
DOBE A4 ke wjEdolE AlzHle] Zgslal A%
siglom, WgEeelEe] 911 Aol AY ABE
PDAIO1719} Hmale Aso] GkEl S-S SelskalTy.

REFERENCES

[1] J. K. Ahn and S. Jung, “Implementation and control of
an extendable and separable mobile robot manipulator for
indoor service,” Jowrnal of IEEK, vol. 48, SC, no. 1.
pp. 38-46, Jan. 2011.

[2] H. Iwata and S. Sugano, “Design of human symbiotic
robot TWENDY-ONE,” [EEE International Conference
on Robotics and Automation, pp. 580-586, May 2009.

[3] Y. G. Bae and S. Jung, “Design, implementation, and
control of two arms of a service robot for floor tasks,”
Journal of IEEK, vol. 50, no. 3, pp. 203-211, Mar.
2013.

[4] Y. Chen, L. Liu, M. Zhang, and H. Rong, “Study on
coordinated control and hardware system of a mobile
manipulator,” World Congress on Intelligent Control and
Automation, pp. 9037-9041, 2006.

[5] K. Ohnishi, M. Shibata, and T. Murakami, ‘“Motion con-
trol for advanced mechatronics,” IEEF/ASME Trans. on
Mechatronics, vol. 1, no. 1, pp. 56-57, Mar. 1996.

(6]

(71

(8]

1

(10]

(1]

[12]

Y. G. Choi, K. J. Yang, W. K. Chung, H. R. Kim, and
I. H. Suh, “On the robustness and performance of dis-
IEEE

2, pp.

turbance observer for second order systems,”

Trans. on Automatic Control, vol. 48, no.
315-320, Feb. 2002.

H. Kobayashi, S. Katsura, and K. Ohnishi, “An analysis
of parameter variation of disturbance observer for motion
control,” IEEE Trans. on Industrial Electronics, vol. 54,
no. 6, pp. 3414-3421, Dec. 2007.

U. T. Kaneko and Y. Hori, “Robust servo system design
with two degree of freedom and its application to novel
motion  control IEEE  Trans.
Industrial Electronics, vol. 40, no 5, pp. 473-485, Oct.
1993.

J. H. Back and H. B. Shim, “Design of nonlinear dis-
turbance observer guaranteeing global stability and robust
Journal of Institute of Control,

17, no. 12, pp.

of robot manipulator,”

stability condition,”
Robotics and Systems (in Korean), vol.
1188-1193, Dec. 2011.

S. H. Jeong, S. Jung, and M. Tomizuka, “Attitude con-
trol of a quad-rotor system using an acceleration-based
disturbance observer: empirical approach,” [EEE Conf. on
AIM, pp. 916-921, Jul. 2012.

Y. G. Bae and S. Jung, “Control of a robot manipulator
using a modified DOB,” ICROS Daejeon-Chungchung
Region Conference, pp. 196-197, Dec. 2012.

Y. G. Bae and S. Jung, “Compensation for position con-
trol of a robot manipulator using a modified DOB
(Disturbance Observer) based on an accelerometer,”
Journal of Institute of Control, Robotics and Systems (in
Korean), vol. 19, no. 5, pp. 462-467, 2013.

ol & 2
20043 Fdd wrtERYAysky)
. 2000 & oighd AARER

2009'9~3A FEd WFFEEY 238t
b oAby, PARoks TS 2H
iy EeolE, g Ao} -8

ge
198810 w3 gl FHo) A7) 9 A
FEZ 29, 191d W Aex

Yol dleojulx~ A7) 2 AFE 33t
I MAE F sk HAL 1997 3~AA)
SHst R W7lERY gt a
HAEok=s As Ao Alz=E B Ae

*Q A4 WAUS) Aol B 8, %

3



	로봇 매니퓰레이터의 가속도 기반 외란관측제어를 위한 저가용 가속도 센서 보정 방법
	Abstract
	Ⅰ. 서론
	Ⅱ. 가속도센서를 이용한 DOB 구조
	Ⅲ. 가속도 센서 선정 및 성능 실험
	Ⅳ. 매니퓰레이터를 이용한 실험
	Ⅴ. 결론
	REFERENCES


