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Observation Model for Robust Localization of

Mobile Robots based on Particle Filter in Changing Environments

Ryo Kobayashi* and Satoshi Hoshino*

For autonomous mobile robot navigation, localization is an essential capability. Given a mobile robot equipped

with a 3D LiDAR sensor, an environment map composed of point cloud is built beforehand. The robot is thus

allowed to localize the position in the map using the sensor scan data. However, the environment sometimes changes

due to obstacles. Under the changing environment, the localization capability of the robot might be decreased. For

this challenge, we propose a sensor observation model in a framework of particle filter based localization. In the

observation model, we focus on the distance and distribution of point clouds of the map and sensor scan data. In

the experiments, a mobile robot is moved by an operator in a virtual environment with obstacles. The robot based

on the proposed observation model is able to localize the position in both the original and changing environments

with the same accuracy. From the results, we finally show the robustness of the localization capability for changing

environments.
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(b) Environment with
people

(¢) Environment without
landmarks (desks and chairs)

Fig.1 Example of changes in environment
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Fig.2 Problem of localization based on LFM (top view)
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Algorithm 1 Particle filter based localization using
proposed observation model

ReqUire: Tr1 = (zhylael)a Xt = {w%ﬁl:%a 7“%7"' ,ZE{},

wi: zZt = {Z%,Z?,"' 7z€7"' azi]}z
m = {m},m3, - m}
1: for i =1 to I do
z’i Tl Trand,rg COS (0rand,27r)
2: y’i = ||+ Trand,rg sin (erand,Qﬂ)
ei 91 0rand,05
wi = 1
end for
Get N (pupy, Z2) through NDT for m
while do
Get N (py",E57) through NDT for z;
for i =1to I do
Ay

A
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10: wi =np (zt|wi, m)wL1
11: end for

I
12: x = E wix;
i=1

. — 1
13 ESS=

2
> wi
i=1

14:  if ESS > L then

15: Resampling particles
16: end if

17: end while
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(a) Target environment (b) 3D map composed of

point clouds

(c) Changing environment
with obstacles

(d) Top view
Fig.3 Simulation settings

WA W T HOMEHEZE%1T 9. Fig. 3 (c) OBHIEFE T,
Fig. 3 (a) DBEN ST ¥ Fv— 703 50%kESh, &6i2, ik
BIEEY X LT 2 x 2 x 3[m®] OIKBOMNGHE) 25, B
BIBEES 0.5 x 0.5 x 3 [m?] OEEOMUMGHE) 25 FHELE S 1
b, BARFEFHTE, —BEOBE»SIFEORE TR, T
VERNIERITONT T Y R =0 b IZEEWIC X - THEK
ENDBEEEAFNRIC, Ry FPHOMEBEREZRAD, ER
DOBTIE, MBI EYLZ OB EE S, BIREEY LS
U LEIR L 22 T — VHLS I 7 ERA 2 B & 2R SRS
ORy ME, AOEHEZEL > T Fig.3(d) DA% — Mg S »
LRI > TT— VT G ~NEBEIT L. 2O, oKy b
WIELL TSRSk % & ICRETFEIEH S b,
(1) LFM [18] (230 < B S
(2) NDT-MCL [20] 123£0 < HOALEHEE
(3) METHHME TN EHNIZS=F 1 2 VT 4 VFIZHED
{ HOALEHEE

(1) ® LFM 3, BHSHME 2% % > 7 — 5 22 o
IS CHBET VR AW/ S—=T 1 7V 74 VF 2L D
HOMEHTETH L. 20720, BETHHUETT VLR
2V, HAERIIIH SR Tw v, DT, LEM 281 5 H
HE TN E2RT.

_ 7 Qthit Phit (zg |$§7 m)
D (Zt|$17 m) = H Qmax Pmax (Z{ |méa m)
z{Ezt QOlrand Prand (zi |méa m)

(15)

(2) ® NDT-MCL 1%, BB E A X ¥ v 77— ZNEho
SAERICE DS B E TV Vi S—T 4 7V 7 4 L F I
I HACNBIEELETH L. F00, RETLIEHET VL
I$EZR Y, HEEEHRIEBEH S LTy, DI, NDT-MCL
BT LEBHET NV ERT.

Jan., 2023



BEORY bO7ZOOBBEEZONR NeX—F 1 7 V7 4 V2D HOMEHEE OB E TV 97

P (Zt|3«'i7 m)
Vn -1 Vi
(A" (Sotm)  (AW™)
=dxexp| —
2
(16)
dEAT =) Y SRR TH S, 8,1 e o B L B

DRMENPERFEL, S0 + 5! PbROLND.

NDT IZBUF AR 7@ 1 38i% 1[m], /S—7 1 7 VO#
iz I =200, 7 IV ERIE s = 10[m],
0, = 10[deg] & L7z. &Fi, HED/NT XA —F OMAED
TN & B FHERE TV, ZoOHR TR HOMEDIREREN
FolT A= EHVE, £ LT, LFM IZBIF5EAIL
anit = 0.9, arand = 0.05, umax = 0.05, NDT-MCL 25t}
LAy —1) v 7EHE d = 1,000, 3RETHEIETVICBITS
HEAE ogana = 0.5, anit = 0.3, adistr = 0.6, rana = 0.05,
Qmax = 0.05, BMEIZX dy, = 0.25 [m] & L 7=,

K [21] &0, mOKHEEMERRZEDS 0.5 [m] DUT, mKHEE
BEIRAEDY 3 [deg] LT THIUTHCHEHEEZKT), —HT, =
NooEENEEED ECHITHOCMBEOBRIEEE T 5. 72
7L, BMEEORIC, FEREOMEISEMEUT L 2IUTAD
MEHEEREE T4, RHEEOR, RECENERMBITICR
LW EITHOMENERREE 5. £L T, £ 1 BETHNR
7zaNA MEOEF LD, Fig 3 (a) & Fig. 3 (c) DBEIICB W
TuRy MO HOAEHEICKRT 22 & T, EEA(kicaN
ANTHbHLETA.

6.2 BCOUEBEMTEEER

ANDOBMEZ L > TSH S GIZATBET Aa Ry ML, #H
sz ()~3) oFFIc L) BOMEBEH#EEL Y KT, Fig. 4
12, BRy bASHEE LBEWIREZ R, B, BIATERC
0Ky hASEED L 728U, SR L 7-9RCh 5.

Fig. 4 (a) Ti&, 40 [m] (3EBE)L72HT (. = 9.1,y = 13.9)
MPOORY MAEREIZELLMEZEHEEL TVWDL I LN
RTE&Nb. Fig.4(b) TLIEAMRIZ, 40[m] (T EBE) L 7-HsT
(x =108,y =13.4) 250Ky FHERELITRL LA E Y 4
HELTWAIENRRTENRSL, TROSDOFERLY, LFM &
NDT-MCL TiZ, BELLIZ X ) RIGIEMZ B OB E 17
)T LW CTH o7 LA A, —F Fig.4(c) TiE, H
Ry NHOHIRIEME: B OB ZHEE LT 72720, EBEou Ry
N OWIE & HEEPEAS - L TWA I EARTENS., I,
BETLHHMEFT NI LT, BEMKE ZAX Yy 7= 5 25t
M5 2D TELIZDTH S, 2T, 40 [m] HETO
HONEBEH#EDERZMEALT 5720, (1)~ 3) 0TI
LIN—T 4 VDG Ai % Fig. 5 1IRT.
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Fig.5 Comparison of particle distribution around 40 [m] from

S

Table 1 Localization results: successes, recoveries, or failures

Method Successes Recoveries Failures
(1) LFM 0 9 1
(2) NDT-MCL 0 8 2
(3) Proposed 9 1 0

IN—=F A T NVORIEDEL ol 20 ThHAH, #2T, &FiF
WL aRy bS5 GIZEVTER 10 WS L 2B H AL
BHEE DR % Table 1 IR
WRFHETHL (1) & (2 2SRy M, —ELH
CAEHEE ISR T 5 2 L idk o7z, RGEOPWERICE L T,
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8 [H, LFM & NDT-MCL I2X V) G IZFET LI LA TE
B, ENLAL TR L Bl E 2 B, BOMEHEES KT SR L
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Fig.6 Localization robustness based on position and orienta-
tion errors
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(b) Changing environment
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Fig.8 Outdoor environment

(a) Landmarks (b) Changing environment

with obstacles

Fig.9 Indoor environment

Table 2 Localization results in outdoor environment

Method Successes Recoveries Failures
LFM 0 4 6
NDT-MCL 0 2 8
Proposed 7 2 1

Table 3 Localization results in indoor environment

Method Successes Recoveries Failures
LFM 6 4 0
NDT-MCL 5 5 0
Proposed 10 0 0
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Fig.10 Autonomous navigation in actual environment
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(b) Navigation trajectory

Fig.11 Navigation result in changing environment
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