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In the field of autonomous mobile robotics, reliable localization performance is essential. However, there are
real environments where localization is a failure. In this paper, we propose a method for estimating localizability
based on occupancy grid maps. Localizability indicates the reliability of localization. There are several
approaches to estimate localizability, and we propose a method using local map correlations. The covariance
matrix of the Gaussian distribution from local map correlations is used to estimate localizability. In this way, we
can estimate the magnitude of the localization error and the characteristics of the error. The experiment
confirmed the characteristics of the distribution of correlations for each location on occupancy grid maps. And
the localizability of the whole map was estimated using an occupancy grid map containing a vast and complex.
The simulation experiment results showed that the proposed method could estimate localization error and the

characteristics of the error on occupancy grid maps. The proposed method was confirmed to be effective in

estimating localizability.Key Words : Localizability, Correlation Occupancy grid maps
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4.4 Localizability map of Fig 4.3: The
localizability uncertainty value e represents the
estimated magnitude of the localization error.
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4.5 Error ellipses, first eigen vector,
and standard deviation of angle at sampled
robot poses on the occupancy grid map of the
environment larger than the sensor
measurement range.
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X 4.6 Localizability map of Fig. 4.4: The
localizability uncertainty value e represents the
estimated magnitude of the localization error.



T U7 L — N 6 [m]FOEERFERZ X 4.3 (a), X
44 (a), X4.5(@), K46@) &, 77— MliEE8
[m]FRFOFBFER 2 X 4.3 (b), X 4.4 (b). X 4.5(Ob). X
4.6 ONI/R LI ZETT S, K 4.3 (a), X 4.3 (b)DiiEEAE
MHoRE S&LLiT 5 & F X 43 (b)OBEFEHR/ME N
ZEWbD, £2K44@)EH 44 (1L)D e TS
&L 44 ODBIENT ERDND, K45 @), K45
O)DFREAEM DR E ST 5 L [ 4.5 (b)DIRZEMEM
DINENWZ LB bND, 72K 46@) LX46b)De %
a5 L. Ka4.6 GBNSNWZ ERDND, ZhbHD
FERNPOLT T L— N ERE T 5 L BOAERHEE
DIEHEENEL 2D 2 L PR TE T,

B1 4.3 (A) £V IIRDERERBREEIL, ftoOBREE & Mk
T 5 ERREFEMAN/ NS 72D Z ERbnD, Uik
PETICK WD EE2RLTWD, (72, X440 bIER
DNEMERBRER I I MO BRES & it L C e AMEW 2 & 3o
b. ZIUIMMOBRSE & ik LT H eALEHEE OfSHEE A
BNWZEZRLTND, IRLORENS, BETIEIC
Ko THEKTHIX D BB E Iz W IE ZHEE T
XD DR TET,

X 4.3 (B) &0 EMLRITRENZ LOEATARBED 72
DEREZ, B INOREFHAICEERIANKRE D &
BonD, ZIUIE FORFH AR AE LT
EERLTND, Fo. K44 05BN FHENRZ
LWEATRBED B DBRED e NEmWZ LD, Th
I E O EH#HEOFEHENMEN 2R LTS, i
SOREEND, BRETIEIC L - THAKR AR SE T
OETFFH NGB E LT WVMIEEZHEE TE 52 &0
R TE T,

X 4.3 (C) & 0 AR & D BB, [k /y OFZUE
TRZEDMOBREE L il L TREWVWZ EXb2 5, Zhix
BT ANCIB EE CR TN AR LTS, 20 K
44 B MIVBIRN & DB L e BNEWNZ E DD D,
AT A CALEHEE O EBEAMENZ 2R LTV D,
INHOFRERNG | IBETFIEICL > THAK T HXN S
[T NI LN E DR WM B A E TE 5 2 L0k
W7,

X 43(D) L VR0 IK LY —2 0B HEEIL, IR
BHERBRBE ORAZERE I (X 4.3 (A)) & LE N CRAZEMH K
TN ERbMD, ZHUTRESE TR TV EERL
TW5b, F72M 44 DBIIRPEHERIREED e BEm 2
EWbnd, ZIUTIHECAEHEEOFBEMINZ & &
RLTWD, ZNHORERNG, METFEICL-THAE
R HIX D SIRERE TROT VR K L RZ — B D
MEEHEETE D Z LR TE T,

4.5 (B) & 0 & Y HIEHFEZ 82 5K E SORYGER
Baix, X 4.5 F) & el U CREAEBH N RE N2 L bh
bo ZHULBENAELRT VI LEZRLTWS, £72K
4.6 OB CHHIERAZE L D KE SORBRED ¢
DEWZ L5, ZHUTHCALEHEE OIS HEE MK

W2 EERLTWD, TRHORERNDL, BETFIEICK
> CTHERKAHIX DB & Y RIERTE % 8 2 503 E
CROTUVMIEZHEE TE 5 2 E WM T& o, UL ROk
BB, SAD I & 2 RFTHIIFEBE D 4347 DL 53 B ATH %
localizability DHEEIZAND Z EDNENTH D Z & D3
BTET,

5. fEiR

AR TIEEAKTHEICES X, FFTHIK O S
T AT OIS EATHEFH R L, localizability Z#f
ETHFERER L, £ localizability OH#tEIC
BT v T L— b= F U S FERZBERT D 720120
S OPOHEET NV Z T 5 EREIT 72, £ DR
. SAD AR L 7=, $REFRIL, HAK THKOXE
JZDWTT L — MEHR & RPTHIR 200 & | &
AT OFEZFE T2, & L CRATHIK OB S 5
T AT OIS EATHIEFIR L, localizability ZH#EE
T %,
RRFIEOFINEZ MR T D 72D EHE R BT
TR B2 B, MR B D BrEE, #RD KL %
— B HEE, B RESRIA X D IR RS RIS
WCRPBTHIERIFEBE D 4346 & F1HR L 2 E D346 DRHE
MR LTz, FEBRORER, R LTk > THES D
BEMENRIRN D Z ERNbnoTz, £ LT, BHERRELSS
To 5 A& T localizabil ity #HEEd 5 FE A
1Tole, EBROFER, HEKFHKD SR EHER B
B, AR B2 RS, MBI B HBrEE, VKL
WRE =P LR, & PESH L U KEWIREER
Ficxrd 5 B OALEHEE Oz L HEORBEHET 5
ZENTESL, £ L THIKEAERD local izabil ity 24
ETHIENTE, TORE., BREFEDN
localizability DHEEICHE N TH D Z L BRI T,

Bt

AT T2 2720 . BIC LW ZTHREL T

S o IR E O PR EIEH R L BT E T,

TEETERTFAR R Y T 2 —DJFAETES Al

X HARRE 2 W& K IESAIEEEY N D

EMTEELE, ZITEEHR L BT ET,

SE

1) Sebastian Thrun, Wolfram Burgard, and Dieter Fox:
Probabilistic Robotics, The MIT Press, 2005.

2) Andrea Censi: On Achievable Accuracy for Range-Finder
Localization, Proc. of IEEE Int Conf on Robotics and
Automation (ICRA), 2007.

3) Andrea Censi: On Achievable Accuracy for Pose Tracking,
Proc. of IEEE Int Conf
(ICRA), 2009.

4)Naoki Akai and Luis Yoichi Morales and Hiroshi Murase:

Reliability Estimation of Vehicle Localization Result, Proc.

on Robotics and Automation



of IEEE Intelligent Vehicles Symposium (IV)}, 2018.

5) Jose-Luis Blanco and Juan-Antonio Femaindez-Madrigal and
Javier Gonzalez: An Entropy-Based Measurement of
Certainty in Rao-Blackwellized Particle Filter Mapping,
Proc.¥ of IEEE/RSJ Int.Conf. on Intelligent Robots and
Systems (IROS)}, 2006.

6)Zhe Liu, Weidong Chen and Yong Wang and Jingchuan
Wang: Localizability Estimation for Mobile Robots based on
Probabilistic Grid Map and its Applications to Localization,
Proc. of IEEE Int. Conf. on Multisensor Fusion and
Integration for Intelligent Systems (MFI)}, 2012.

7)Weikun Zhen and Sebastian Scherer: Estimating the
Localizability in Tunnel-like Environments using LIDAR and
UWRB, Proc. of IEEE Int. Conf. on Robotics and Automation
(ICRA), 2019.

8) Weikun Zhen and Sam Zeng and Sebastian Soberer: Robust
Localization and Localizability Estimation with a Rotating
Laser Scanner, Proc. of IEEE Int. Conf. on Robotics and
Automation (ICRA), 2017.

9)Ying Liu and Jingchuan Wang and Yi Huang: A
Localizability Estimation Method for Mobile Robots Based
on 3D Point Cloud Feature, Proc. of IEEE Int. Conf. on Real-
time Computing and Robotics (RCAR)}, 2021.

10) Julian Nubert and Etienne Walther and Shehryar Khattak
and Marco Hutter: Learning-based Localizability Estimation
for Robust LiDAR Localization, Proc. of IEEE/RSJ Int. Conf.
on Intelligent Robots and Systems (IROS), 2022.

11) Zhaojian Li and Yang Gao, Shuqi Wang and Jiang Liu:
Localizability of Laser SLAM Robot Based on Deep
Learning, Proc. of IEEE/RSJ Int. Conf. on Intelligent
Robotics and Biomimetics (ROBIO), 2019.

12) Yong Wang and Weidong Chen and Jingchuan Wang and
Hesheng Wang: Action selection based on localizability for
active global localization of mobile robots, Proc. of IEEE Int.
Conf. on Mechatronics and Automation (ICMA), 2012.

13)Zhe Liu and Weidong Chen and Jingchuan Wang and
Hesheng Wang: Action selection for active and cooperative

global localization based on localizability estimation, Proc. of

IEEE Int Conf. on Robotics and Biomimetics (ROBIO), 2014.

14) Chen Hu and Weidong Chen and Jingchuan Wang and
Hesheng Wang: Optimal Path Planning for Mobile
Manipulator based on Manipulability and Localizability,
Proc. of IEEE Int. Conf. on Real-time Computing and
Robotics (RCAR), 2016.

15) Behnam Irani and Jingchuan Wang and Weidong Chen: A
Localizability Constraint-Based Path Planning Method for
Autonomous Vehicles, Proc. of IEEE Int. Conf. on Intelligent
transportation systems (T-ITS), 2018.

16) Kurt Konolige and Ken Chou: Markov Localization using
Correlation, Proc. of IEEE Int. Conf. on Robotics and

Automation (ICRA), 1999.

17) Edwin Olson: Real-Time Correlative Scan Matching, Proc.
of IEEE Int. Conf. on Robotics and Automation (ICRA)},
2009.



