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(Robust Localization Algorithm for Mobile Robots in
Dynamic Environment with an Incomplete Map)

Ol 3 &" d g & ad
(Jung—Suk Lee, Wan Kyun Chung, Sang Yep Nam)

Abstract : We present a robust localization algorithm using particle filter for mobile robots in a
dynamic environment. It is difficult to describe moving obstacles like people or other robots on
the map and the environment is changed after mapping. A mobile robot cannot estimate its pose

robustly with this incomplete map because sensor observations are corrupted by un—-modeled
obstacles. The proposed algorithms provide robustness in such a dynamic environment by
suppressing the effect of corrupted sensor observations with a selective update or a sampling
from non-corrupted window. A selective update method makes some particles keep track of the
robot, not affected by the corrupted observation. In a sampling from non-corrupted window
method, particles are always sampled from several particle sets which use only non—corrupted
observation. The robustness of proposed algorithm is validated with experiments and simulations.

Keywords : Localization, Mobile robot, Particle filter, MCL, Pose tracking, Dynamic environment
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Fig. 1. The effect of an un—-modeled obstacle
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Fig. 2. Discriminate corruption by all particles :
Distributed particles can compensate for the
odometry error, but the expected pose, which

only follows odometry path, cannot

43 goluleA Ak webd 91794
Ze BHAT ARE o g FFolA, T4
ol EAFE Rt FohEol @ A

B we (corruption)ol] ZFelsor shr}, wabA
Fae] e BJ% A A ﬂig} &a}g

o = Ao X O

< Rofof a‘:}
250 AN ANA THE de AR EHE
7IWe 33 ZutgE (extended kalman filter,
EKF)E ol-&3 f1A124 7[yelvt [1,2]. &4 2
T QIS At g& A oA TF9-A]

%)
¢t (gaussian) FEEILE 7IXE= Rdowt 243

T ATE Ags JHAZ Yo olE FEHE] 4
st wWHog Az JHke]  mlEx X4
(markov localization) [3,4]13% 3E]E I

o] Al

(particle filter)E& o]&3 EEH JIEZ 91X

(monte carlo localization, MCL) [5,6]¢] <l

71 BT 39 94 sEE vHY 74

7] AARE FEol w2 fXd AXE HsAE
T A 2H 7HER A2 7o AL agol
H =t}

2 =R AE 51 A ZAE x4
S fste] 7EA S E 2y dugFol v
I Ze 5EAS FURelth. 94, AAl 37 oA
B ol AA AHHel Foj A A LA
PFojxl B FEE dF AA FRE v use]
A Arel wgd s #Aasigitt (I 2). 2
Kol AA Arel fAkg A HARE JHA]= T
o] EAFT A, o] AN HRE vRYPst Aol
ol os] W] kgk7] wjFel, 25 AAF
FAs =Y E=go] Aok Azer 42 gl wi o
A9 o] AA FHE 22X AAAS W gttt
wpeba] wEkE AlA FRE A1 A o] &

corrupted window)ol|A] F&3I= MEE HEZ

Qe 7xE AFHY AFAA HE2 AHelA
= b Aol SEE APelA Az FEBL
F2a o9 W Awe W BHAME W
SE A4 ARE e e PEelAw v
2e Fagoud mad A4 Aue 9P A
A 5 ogleh E@ A4 ARel mE o RE IR
A 5 9l7) wEel, @ Aol Aol ohd ofe]

2 ZHE o]lFRXY SAAYe HE3 T]Ee
ATt AEA 2 FHER A4 7l diE]
Awgith 3FolAE A9 A gEE 4y o
AYFS AlRbstar 47geA v ug g o] &%
AZE T2 FdEHE dHE o] &3 X102 7]
He Avfgith. 5eA Atd 7ol Adedrt
AdRE Hola, vpxow AR ¥t
[ICE R E

L= R I

Sequential Monte Carlo (SMC) 7|Heo 2% <&
H7 gEE e AlEHelds 7N R e
2l =4 (model estimation) 71¥o]th[7]. I}E]

S4HE oy fokalA
bootstrap filtering [9], survival of the fittest
10] &9 o]Fo 2 de AREEIL St} ol s =R
o 92912 Hofe i 19999 A& e e
A QA elgt= o]Fo 2 IEE HEZF AEEHS
ok [5,11,12]. o] A7l = G =4S dA=nt

3 (landmark)@ AF&3l& B]A AAe dolA A
g 54 AAME o]&ste], HHEF S 2R
‘Minerva’'®] $1x|Q12e &2 IEF IE 7|y
¢l Sampling Importance Resampling (SIR)<
&35t

I vEliel 20000l =AM HRE vt o R,
T TSR 4R gEES F7Fske Sensor
Resetting (SRL) [13] 3}
Condensation with Random Sampling [14]¢] A

condensation [8],

—

(<3

je

Localization



E QAT o] WHELS AN RIS =9
FAAR, 54 F/FY AU FHPA LRSS ol&
g 4= Qlrh 2001delE B Jie] BE S-S
o]&3F+= KLD-resampling 7]Wo] A<tx it
[15]. o] AFelA = FEE HFo] HAe= &
=X =% SEEXE ZU-golEy A
(Kullback-Leibler Distance, KLD)E ©]-&3] ¥

gomx dad dHElFe Vs A &
ol dual MCL 7= #Alets] et [16]. o] W
AqME AA AEE VW R FHEZFS FEFI

o
¥
F 23 olF s olgste] SEFe] EA
=
=
KR
=

—

AAstg et =3 standard MCL¥ dual MCL

37 AFE3lE mixture MCL 7|9H= A Aok

HALE o] HWHL2 fA1AY AAAHE EAFH
(e}

2002dol= 284 FF2E 7FX Real-Time
Particle Filters (RTPF)E o] &3 X312 7|H
o] AStE AT} [17]. RTPFolA &= Za3d v &S
update windowW¢] o2 79 Hgoz Fo
st woll a&4Ql F+do] 7hssit). o] v
W& KLD-sampling®} 44 update window
e 13y ANFE 2dete Pz By ATh

[18].

ﬁ
(r fe o

to £ 4

+ Dependable Localization
Itk o] WA= oS x|l o] AlA
of AA mR AlA ARI} v A gl vt
ghet. SHAIRE oS A= 2R
ARNS ol g3t FAET] witel,
FatthE @o]l vk ol
I 10, IV 2ol A AlA

selge

SN Ct N

©

=) o
m

g:O

E o2

T ol

m =
Gl
o
oo
_?g

a8 X
o "
]

S eom P

ol =
LN
= 40 2 o
r>~' Oft
)
aa
(o
fru

TRV
=

s
=

o

e T
ll

ey

D

°

]

&
1
_Y:I‘

=

o 2y
kv

oo ff oo fo fo

=

M 32 M 2= 2008& 06E 111

2
o,
U
N

FEAE A SR Aite) 2 9
A5 A= AREE (posterior) p(zlu, .,z .,)
£ HAFSIA, ol& #leo]= A (Bayes rule)E ©]
Faol AN e A5 2.
p@luy 2 ,)
- p(zt‘xtv%:ﬁzl:t—1)p($t|u1:tvzl:f,—1)

p(zluy 2, 20)

P luy 2y y) (D

Xp(zt—lhﬁ ! :t—l)dxz—l

=np (zlz,)

p(z,lu,z,_ )

Xp(mt—l'“’l:t—l’zl:t—l)dxt—l

=np(zlz,)

A AAA zpuy 2,0 A2 ARE G

o ZEe A (FE #E), ARt A A
exvEY FH, A AR, A st s Sgth
21 (Dol A eF Zo] AlZE o] 2] AT EEE
AR (prior distribution) p(z,_ lu, ., 1.2, ,)
25 Axett 94, ple, oz, )04
FE S FEFIAL O)E ol B plrlu,z, )
upet ol EA Ity Zelal z} mtE|Fel Ald mE
p(zlz,) 9] &4 (likelihood)S Fa 75X E %o
oz BE AN HEE o83ty

dd 2xel fAE dEAor FHY 5 U
shAIRE 2ol A AL Qe AL HA 2
o] dX|stA F& A5 AN HEVF ufEH, 9
A Hof, $121%12 0]

ol Fua}7]

i o

N

. M A4l mE|E HE
AFH 2o AEE AHANANE 2R A
Auek A A4 ARE AAE G ¥

A

2 JMEAE HAA ") agla 28 F=4 9
A= AFE dAE AAY 52 THsAE 7=
e 2 S SRR A A A= o
At s A, 2RY 22 9l d= vy
Zol B2 TFEAE A Kote] HAIAA ] A
st "ok mEb T4 g A e Ale $1x<l
21 falM e, vEYs FelER ] wgkd Al
Al ARE ekl ole] d3s HAst g I



=
p

Aol

o] AA =X &

=
=

A ol gel sty

}

kel
gl

1

)
T

E

(2

aplafuy 2y, ) +(A=a)plzfu; oz,

plx,lu, h2.,)

wee) %

= 00] #Hrh

1
o)

L= B PR

3}
=

ol g3tol 715
WA as) shEEe 4 3)3) ol AA A

=
=

pul

AA AR 2,

Aol A= 7h-

(Gaussian distribution) FEj=

o

o
o
Br

—~

;oL

Nfo

w
‘mwo

T

L

o]

3}e] two-sigma bound#tS X =2 o]&

[<)

o1&
AFA A vish ol AuA Al E|2

MR AA ARIE 9F ARE EelE & gl

3

Xp(mt—l‘ul:t’zlzt—l)dxt—l
Xp(xtﬂ‘“ht—vzl:t—l)dzf,—1

fp(rJuﬁzt,l)

/p(xz|u1:z,721:z—17xt—1)
Aol AA AHE 2, 7F HEGS Aol Eol

p(mt |u1:t721:f—1)
E

X

Foll A= o

ol

34

7 AA 2R A

g

oleld WwHow Aw )

Beg F ¢

A},
2

s v

Bl

=

[}

_xT
mn

V. °| 2t =oj|A{e| mlE|

s
=S

A

2

afo] =yol )

ZHO
i

AA BHE7F o] o7t Z H

a7l . wepd o]

T
[<)

A

Mo oR

)
—_
ang
ofp
ﬁo

o)
=
=
i)

myl

=
)
0

—

X

=
o
ey
Bo

o
T

REE CRCE IS

<]

=]

=] 3}

[}

+od

°

2

°]-8

=

=

pul

Al }\1 AR

<

oW

AAY gl

+od

o

A B2

1l
©H

bR she) 2ol

o

jrag
o

[e]

I

1o

A 230 fAe g

o
T

ﬂo

WHEE

<

& o

= Al ARZE W

1

ol &

al

ol

w

gul=A

=

=

EHEE 229 94

~

3]
s

el

CRREREE!

371 9

tol okl £ 7jel s

0,
H B3

=X
=

o ol

%
Aol shel2

o~
-

B
fvzel

X

=]

)

m

p(z |z

ol

W @ 3 el £ oAle) W wd Al w9

i

t

argmaz,p(zth

9 HelA m



CH

rov
02
=
a
1N

33

I

22X

g eb 2ol

=5

o IKe) =
dd Sl

Cormupted Cormupted Gorrupted

Pz, |21) Platglees) paglrig) | plaiz|er)

S.t;l St Si S ta St 5 Stﬁ St'(

a9 3. Aoty FHE]E FH G v] wg FojA e
Selg +%
Fig. 3. Proposed particle filter framework :

Sampling from non-corrupted window
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(b) Real environment
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environment mean un—-modeled obstacles and

robot path, respectively
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CM/DL SU NW

Simulation 160 130 100 (7)

Exp. in home 250 220 100 (12)

Exp. in bldg. 250 220 100 (15)
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