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Vibration Control of a Single-wheel Robot Using a Filter Design

of A&, § &

(Sang-Deok Lee' and Seul Jung]‘*)

lDepanment of Mechatronics Engineering, Chungnam National University

Abstract: In this paper, the vibration of a single-wheel mobile robot is minimized by designing a filter. An AHRS (Attitude
and heading reference system) sensor is used for measuring the state of the robot. The measured signals are analyzed using the
FFT method to investigate the fundamental vibrational frequency with respect to the flywheel’s speed of the gimbal system. The
IIR notch filter is then designed to suppress the vibration at the identified frequency. After simulating the performance of the
designated filter using the measured sensor data through extensive experiments, the filter is actually implemented in a
single-wheel mobile robot, GYROBO. Finally, the performance of the designed filter is confirmed by performing the balancing

control task of the GYROBO system.

Keywords: Vibration detection, notch filter, AHRS, GYROBO, balancing control

L ME

s A3} A7 Bok= Z|AIA2E Bofsl g4 mA
Aol Fopll M= 25t AT gl 4lE A A
Zlele A 25e Agsh] A% =X ey U
ol 7= Btk 2E B AFE (1] ARA|A7]A
o] NEFur EfAd B3 UL 2fsty I =3
PMSM EE Aol F FaF BAS 9Ig FFT Wi
=X e Al #g U 2708k ATH2].

A

oj9f Z2 ATFES T FAY gFHoR £ vEd
AEE AHETE 35S 2 Al FFTE ©] &3}
& Fars FdTE 58S 2 Jlu3-6]. 344
7 AgE} e BH S5 AHd= 33 Fxo vlE
sk 71 AE Ty w2 oskrY dEec] =9
7] wZoltk

AE AE SlslAs, dEolges 83 A7, 71A
A ZlEel gk MR Ao} 7, Teal =4 BE Jles

o] dAF&o] FTH7-10].

g B Alo)rioke thE2Al, AAE A Al
AE A Aol tigk 71%so] Aol wlsl F&3] vt
Hol A &= 797t gk E3, SEAlo] AlaE
A1 A 7HH TE2 A8HE 497 7] weel
A8 = v=do] ojgf o] k.

15 &A% Ao tig 7se ZHA

X2
o

™ oox of
™ b oﬁ‘.

ro ol 2
ol

F

_Q

N

|
X 4o
(i pok

ol 4

[

* Corresponding Author

Manuscript received June 8, 2015 / revised July 25, 2015 / accepted

July 27, 2015

ol dd, A< SHEUstR WrERY 235

(sdcon.lee@cnu.ac kr/jungs@cnu.ac.kr)

KR = 20149 FFATATE 7)E2AT(NRF-2014R1A21A110
49503)«1 Ade Bl FHHAE

R ATE 20151 A303] ICROS 3hetislel] =
215].

Qro] LEHA

Copyright© ICROS 2015

X3 3 v FE o] FEES] A]ZH(GYROBO) AlZ=Hl
ol Al Al Alo] A=ulS 9] AF=Eo] 9= AHRS AlA]
S &85t I tYE yelA 2E| U 14 A
zﬂ«l S ks S AlRKstaAk gtk AHRS Al

Ae F2 LEdEH ol S FHsr] 2 AME E8Eo]
A B =Roie R 2% A4 glo] AHRS AlA
= ﬂ&‘s}ﬂ cgdEold AZH s s g4 7F
o] Ad7VsAdS Agksta Aok

g uF 2o FEoRE Hlghe ol&dte WHE 9
OH11] ARlZRE &0 7 IHsh= FEkoldS AR
A A"l o3 APEE Aol Fidl o) #¥S
FAIBHE & vl s olFZEoltHI12-14]. 1oz A
e 3HA AlxES ‘%XH‘B‘}UE o mE XFo] A
gtk olEi’k Ee A ZTtolEH 7E Al2He] B
TH} 72 T E‘r%‘%}ﬂﬂ ol dFAE oA st 4
o ‘QMELE}.

[o

2] kol sl
I:Hoﬂ At w8k FFT #4418 534 iﬂﬂé«l E5
of met 71 WsFrt e 5A4E R As
o] 24 B3 g AF Hee A4 6}71 A3 IR =X

W] frade ASth

I Ajo|ZE A|AH]
a8 12 onb] 23Ql Ao|2HoY. AlREE S5
A7) Z8ste] o] AR ETtelde] £=E Al
ofsh= 72 Ztal vk o] well a1 Aol os) T
Al B JE e 23] AoAsl %S 71
Al A
2RO #FA 15 fls) AREE AHRS AlAE 3-Aol 2,



864 Sang-Deok Lee

. 3 Axis Tilt motor
3-axis Gyro Sensor encoder
sensor

Motor
Driver

[ Zig-bee |€ TMS320F2812 J

\I/—‘ﬁsv%

‘ LMD 18200T ‘ ‘ NT_50a
q

Tilt Motor

Drive Motor&
Flywheel
Motor

Y 1. Ao|ZR,
Fig. 1. GYROBO.
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Fig. 2. Block diagram of the velocity controller.
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Fig. 3. Vibration detection experimental setup.
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Table 1. The estimated relation between motor voltage and

flywheel speed.
Motor Voltage (V) Rotational speed (RPM)
0 0
2.25 1,425
4.5 2,850
9 5,700
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Fig. 4. Vibration detection experiments.
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Table 2. Filter design specification.
Specifications Values
Sampling time 0.01sec
Cutoff frequency 42.5Hz
Bandwidth 1.5Hz
H(z) =H(s)| _,-,
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