Journal of Institute of Control, Robotics and Systems Vol. 14, No. 9, September 2008 893

dol=3! Cjco|Zd HEE o|lg% Al ols2X9
LUK M AT MEMS XO|E X &

Improvement of Heading Emor Using a Wavelet De-noising Filter
for Indoor Mobile Robots: Application to MEMS Gyro
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(Jin Hyung Bae and Sung Kyung Hong)

Abstract : To achieve the challenges of low-cost MEMS gyros for the precise self-localization of mobile robots, this paper
examines an effective method of minimizing the drift on the heading angle that relies solely on integration of rate signals
from a gyro. The main idea of the proposed approach is to use wavelet de-noising filter in order to reduce random noise
which affects short-term performances. The proposed method was applied to Epson XV3500 gyro and the performances are
verified by the comparisons with an existing commercial gyro module of vacuum cleaning robots.

Keywords : wavelet denoising filter, gyro, calibration, indoor mobile robot, heading angle

L MEZ

HZ A5 Al ol 2R Y Fd 2 A Ed
o} fEo] &3t 7sE AUl ol 2R 74 Ve A
wko] Atyl gs) A= Qlrk I TS A4
71ee AT ZEAEs S8t 71 UA Agso]of
e HA7IEelth A2 BobHSl % AxME X8 g
87 gla AgE 7HHo= <l dIgE o)gd AXY
A Jlgol Agslo] AdFEch A uiF 9l uigtulel
" nFslip) GF22 A WG FHo & 231 A
3 A7l mE) FHEE Be 2t vk o3 By
& FE7] 98 Aol AN daHE §¥she B4
Zr &4 71ed e oeks 77k s oL

Aol2 AAME o] &8t WY 24 BAHE Aoz
QA9} ol A(noise)o] PEroZ Q3| HEIFAA W9zt
QA7) Azbel whel FHEThs Aojr). utebA AHEAA
A Ao|29] QApe} wol=o] AL ofFA Haist T A
[7P7F F83 GArlselth a9 1& A2 A% 3
4 g AEgH FEE HAFa o HFg gige]
Long-Term 23}o= A A Q A}(deterministic error)¢l Z~#
Y He(scale factor), A ulolojA(fixed biasy 3 T}
B4 @ AHrandom error)] Bias Drift® ¥ 3&ich 8 1
25} ) shorvtern 93Kz AN AAS] oz 4B
ARW(Angle Random Walk)E 2jw|3ich

B =RJME AHARE MEMS Alolz¢] ¢ xNKlong-term
4 short-term) 54 e lHE A% EFHY AEE A

* 2 A A Corresponding Author)

=E2 2008, 5. 15, A 2008 6. 30,

A%, 347 - A $F$EIey

{uavkkang(@nate.cony/skhong@sejong.ac.kr)

HE RS SEHYT ATEIEAL/IHY F AR
TERVEHY 7ieAe” ((T3ERR003) dAdjr sty
A8

Long- . e .
Noise Term Short-Term

Signal

——

Freq.
38 L Fop g Aol2 24 54,
Fig. 1. The characteristics of gyro error based on frequency region.
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Table 1. The specifications of XV-8100.

Item Specifications Remarks
Supply voltage 3.0V
Scale factor 2.5mV/deg/s
Bias 1350mV Ta=12.5°C
Rate range -100deg/s~100deg/s
Nonlinearity +0.5% FS Ta=1+2.5"
Bandwidth 215Hz
Operating temperature -40°C~+85°C
Size 5x3.2x1.3mm
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Fig. 2. Error compensation for scale factor nonlinearity.

o°“

Fel Ado|ti3).

?.Jﬂ Ao AL FREF] AeA 8EHe /‘eq] °
ZEEFLZR)RIcE FA% 2xddle gls 3
41%5101{]‘4- 3 Epsonite] XV8100-2 414 LH—r°ﬂ/‘1 &
TAME RFsle] AR xR 7)F] o, 1Y 3L
2% 5A4E d¥3oz A3 dholth ditdoE 2%
Hild] g oA EAY B w$ 23 Ao}
[4], ZFolA Hxo] AEtE THY2E B oA &=
B40] %o ol B ERME F74HQ Lxo|

2] %} bias9} sclae factor HARS 1EHER] Y& gt

—_

L gllofZal ] -0| X (wavelet de-noising) EE]
. do]E3t Hgt
*Ji f()E 28402 FHAAY EAS e
HHE ()% Zo] ZAT(basis signal) EE WHES

(building block) ¥, (t) & o]&3te] F7 AT E AT}
= Aotk

t)= Eklakwk(w 3)

A7 a o FEAAH Adelw, kEZ 5% )

o W} 7Bl MR AT dobd o 2

(P (t) o, (8) = fwk(t)w,(t)dt =0 @



Journal of Institute of Control, Robotics and Systems Vol. 14, No. 9, September 2008 895

=g ole|d Hugde AMgete AF g U 2

o] Wzg 3t ZRgert.
ap = (F() 3 (t) )= /f(t)wk(t)dt G)

NE ATFAANM A FAR A5 7IA Tl o
SHE 4% A¥9ER JRE /AL ok F7] A5
Helell 71 Bo] AR d Felo FrellMe 74
4 1, (t) 7} sin(kwgt) &} cos (kwgt) otk =& €AHFSF
A BT ZATrE ] v toks gaae F
F2 TAET 3W dojgdY FF e Holgl wEe
T 79 mEEE 1 AL (99 Zo] Tk

)= ;Z%‘k%k(f) ©)

A7\ g, kE B, ¢,(t) e gukdez Ame) 7
g9l dolEd F grolth wa doljEdl F4 A
ap f (t) 9] o4t goj&al HWIHDWT : Discrete Wavelet
Transform) o] TH5].

o]z flojEgl WS FoJz 4zl tigh AzkE
v ggolAMe] FARE d¥Hoz F4s AL & Ut
[6]. ol BE 5o AANYH S WA ZogN 7Hag
b, RE Fu< YA 2 A7 FEYSFE A= ©
A7V =.2) o) Bl(short-time Fourier transform)¢] ©Hyg& =5
& & sloke 3ol sioh

Thermal bias Stability

5 10 16 20 25 30 35 40 45 50 55
Temperature(C}

Theram| Scale Factor Stability

Error (%)
AN

4 5 L
10 1§ 20 25 30 35 40
Temperature [C]

8 3, 25 0] - bias stability & scale factor stability.
Fig. 3. Thermal stability for bias and scale factor.

2. ol £lwo|x el
FeAA BA Qi Fele OF 2ol wed @
2 sl

g =fi+z, i=0,1,...,N—1 0

A7IM yT BEFlL, zE FEolL, f,v 9Asel
A3 JF AA A= A4S f,E #4s= A 7
of WS olge I AAY 4 o]&L FEL EE
Fo5 o] T HAE v, A5 AEE we
Fo g9 IFHTke Aotk AT ofst e Wy

o

2

& 2 A0 W ARG A AR B4 '
EAE degrt dustd F43] Wslehs A3 FHE
233 & Foa el gol #A 3l7) WEelrt

BHE dolEgl W s oj8d FeAAE B 4 4
olBY AFE FnF HAJhE AT AR sk
AEE Fe 29 dolEd AFZ JAFTdre Aotk

T3 QA3 o A|(edge)’} EA)FHE BEE Y &
Ag HeE Jehs Loz <8 93 RE ¢l
4 99 YolA Fe AFER Uehdth o9 2& Alde

»

0]-83l Donoho2} Johstone[6]& 4% dolEdl =4
(wavelet shrinkage)E F-SAAS] 3 WHOE AAEIL,
T 49} Fo] 3AY] S s

HA dolEEl BES 0|83l TR dolEe Yol
g ASE 7 11 %, e A A9k JAA
< T3l ghlA 7 delEY A =718 FHHE
Feol BY AEE AADY. Aoz YA}
A%o] foltal AL AE3e] BeAsky ANEY
AAEE FE,
ol HAIRL A9 A4 dAME] HE AFA B
7ol the] @ w=do] eifith JAAE Bl s
Donoho®} Johnstone[6]-2 hard thresholding¥} soft thresholding
HHE AN o] WS F4Fos RYIE dolE
Y AsE w9} threshold Aol t3)], hard thresholding2- (8)
o], soft thresholding-2 (9)°]T}-

e & o

~ w1 Jwyl= A
Wik = {0 1wl < A ®
Wy, = {0 i |wyl< X ©

A} e JARENAME dAFG Ve agFez Ad
3}ojo} 3=t Donoho%} Johnstone [6]-2 AE UAGL,

A=o0c+2logn (10)
9 soft thresholding-& 2-83}+ Visushrink ¥, 18|12

Inverse
— | Wavelet |- f
Transform

Wayvelet Shrinkage

Yy — !
R Transform (Thresholding}

29 4. fjolE3l Yol e £4.
Fig. 4. The procedure of wavelet de-noising filter.



896

A=0+/2log2’ )

= Ad¥dhk= SweShrink “PHE AIISIHTE 97IM o0&
MAD(Median absolute devitation)©]tH6).

B =EoA folEd tizeld BEY] THL Matlabo]
A Algske golBnejzet FFE AMSSIATE dolEdl &
& Daubechies7} H|9FgH ¢ojE#8 g 712t Matlabo)
A “gym$ 2 BAHE JolES ARSI T3 YAA
2] ¥ hard thresholding #HH-E, AAIGE (10)& AH&3}
ek

IV. 8| 45 843

B AR M e 278642 Calibration TH4& £33l &
A QAL AA" Aol AN 23E deolEd tixe
el #83to] o]z(ARW)l et FE) A5g A5
t} o] 8l Threshold Filter?} Moving Average Filter
(MAF) % Lowpass Filter(LPF)$} 453 Bl itk
1. Threshold filter

Threshold filter= ©]FEEo] AA|¢ 27l F3§ Alofgt
AgHoz AMgsHE HEZ, ()T Zo] YA olste]
ZEE 71 007 ¥ A)F)= YE{o|th

% o ol

1£ 0| < wypeen» then w, =0 12)

o|o} Z+2 threshold filterS %3t A9} A 58 A
(&= vl ZHe 7Z9) ARWl| oJ3t @319} bias drift
QAE oo AA & $ ik A JAG o]
A 4 AR 3 2] HA AEE 5L P B
To g A Bzt AN A7} Uk Wi FYPRE
o] EE5 W& AT JAUE Hske Aol T3}
th B =RME 4T 2deghsecs YAIZLSE A3tk
2. Lowpass filter(LPF)

Lowpass filter(LPF)= Fejol] WIS o]-&-3 dubaiQl 3
FAA Wi QA FuF oY Fu¢ FRE 5
A7\a, QA Fag o)t L Fuig HHe AAddit
Wzl YA Fug Ao Fadth B =RoAe Aol
Z AA¢] bandwidth7} 215HzQS T8jste] A FarE
300HzE 4383, 4x+9) Butterworth LPFE A A3}tk
3. Moving average filter(MAF)

Moving average filterMAF)= A|7to)} o2} o)53= 9%
S 37|y A7) ne AAsa, =S WY nl
dloleg S 3t o]zt MAFE Alteko] v 2
o o]z A AHHoth EF AT=F no A7}
74| me} o)z AA A= AAAY, A 45
of tisir= LPFS}F Zo] XA dito] dAg £ =i
A Fe9 ng AV|s 1008 MASIYG
4. g M= ] AE

ol dH o2 AF(0deg/sec)?l FEHANA o] FHQ] AR A
He 0dego| AT, HEPAM o2 GFoz 3
ARWEAto] whAETh § 2& 108 39k Z&n ARE
747} 9HE 5548 & HES Aotk EH glo] AESH
(raw data)¥} MAF 18] LPFO| A7} ®l&3)t) ole

MO - 22 - AIARES =2X M 14 &, W 9 5 2008. 9

% 2.RMS HE oz A3}
Table 2. The results of RMS integration etror for each filter.

Filter Without Filter) MAF | LPF | WDF
RMS Error (Deg) 1.4316 14310 | 1.4411 | 0.7986

transient Response
32 i -
Rate Rawdata

. N .
3 Rate LPF
) Rate MAF

30+ N
e T Rate WD

29 -

28+

o
27 | {
|

Rate (deg/sec)

26+
25 -

24+

!
i ! P . N .
47.7 47.8 47.9 48 481 48.2 48.3
Time (sec}

a9 5. ZF Y 9] step input -SHEAL.
Fig. 5. The chracteristics of time delay for step input.

23

MAF$} LPF7} Sjo]E ro]=2e F0]|A|%H, ARWL Z0|XA|
ke Ao 4 & 4 Stk W folEE o)A
THE 03 o] 4% FFENeH, ole HEIHAM
WAEhs ARWO QA8 € Zo]1 QS-S uigith ©
& A2 AE|o) e threshold HE}Z} o)A U S Z A
ARl M E &5 el et folEdl tize]d] FEe}
threshold HEIE E3ste A5}

9 FH Aeols B2 Fuk Uge wo]ZE A
Adle Ee gitEoz 4A9] oR|(edge) AEE N
AI71 AIZE Adse @] Aok 28 5' olHF #
3 240 ulg 4 "WEe oA 2A] HIg Wl
oz dojBdy tixoeld FH FAi= o] A glo
LPFe} MAFE= Ao] djo]&8l o) FE nlg) 3
A3l & & F Uk Wi el FHA AeHle B2l
Al e XE dlol&d H=oly HEZ} B EHHY

& ¢ % ek

off pgt T WL 4 J

=

I b1 A
Self-localization7] 58] %92} AARE sl zjo)2 Al
M ZEE Adeln e E8std LR AF ke
ool AFE Aol2 EE(8le AAst 1 4% Hlu
oM dolBd tieold T A%E dFsnx
gt
Elo|E Blo]&ol XV8100 #o]2gt F§ Aol HEE
2o Faslm, 29 63} 2ol Uk Pzl v
252 THIES Z4EE QoY Hrene Ay
243 HALES W FPI. oy 93 Fwrt JY
3] 0deg JHololo} ERACE HAE 4 T & ULk
deg B &5 A YR ASEE PaEre ¥ 3
ETE 60deg/sec o2 JHASIE o, 1089 9 A7 B¢t
% 6120deg2 174 $)7S ATk 2 72 o] W 4y

gk

of «



Journal of Institute of Control, Robotics and Systems Vol. 14, No. 8, September 2008 897

E4

(i

AIE
2
=}

I8 6. JARE &5
Fig. 6. A motion patter for a cleaning robot,

Cileaning Robot Motion Degree
400 R - . .

. Reference
350° - e WD XV8100 | |

CaizCore

Degree (deg)
3
(=3
=~

0 w200 300 Ta T s00 600
Time {sec)

I8 7. 342 e uE 4R
Fig. 7. Heading angle for each sensor module.

#3089 £ st
Table 3. The analysis of heading angle error.

Model A 25 | WD XV8100
Final Angle Error(Deg) -4.0354 -1.6585
RSM _Error(Deg) 13.5652 2.7833
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