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Ceiling-Based Localization of Indoor Robots Using
Ceiling-Looking 2D-LiDAR Rotation Module

Jae Won AnT, Yun-Ho Ko''

ABSTRACT

In this paper, we propose a new indoor localization method for indoor mobile robots using LiDAR.
The indoor mobile robots operating in limited areas usually require high—precision localization to provide
high level services. The performance of the widely used localization methods based on radio waves or
computer vision are highly dependent on their usage environment. Therefore, the reproducibility of the
localization is insufficient to provide high level services. To overcome this problem, we propose a new

localization method based on the comparison between ceiling shape information obtained from LiDAR

measurement and the blueprint. Specifically, the method includes a reliable segmentation method to
classify point clouds into connected planes, an effective comparison method to estimate position by
matching 3D point clouds and 2D blueprint information. Since the ceiling shape information is rarely
changed, the proposed localization method is robust to its usage environment. Simulation results prove
that the position error of the proposed localization method is less than 10 cm.

Key words: Indoor Localization, Indoor Mobile Robot, 2D LiDAR, Ceiling
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Fig. 2. Example of normal vector(NV) distribution, (a)
Distribution of NV, and (b) Histogram of NV,
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Fig. 1. Normal vector and normal distance, (a) Normal

vector, and (b) Normal distance,



H&XIE 2D-LIDAR &

Al ARl A T

2F °]&3l
< b, O ghol pRoh AL HE A
E=EAME uE 1575 AHESHAT

v,V )

[

[o

HZCOS’I( (2)

o
o

2 AAE Wee 2E Awe) BT A
17] 98 Bl 2EIRS Ay BT BE
HE A A%H e 27] WE 47
wE AP A4pd Awe NEow
0] AD]] B 2EIAL FA BT B
ADE 5 cmE A43AT iAo 2.
|2Ead A T Be HE S e
|5¢ 71 mE Az A,

Fig. 3¢ 71% %2 A2 o7 98 %z 7
o) s|2E9e 6AE tebd Aotk T WA
F(D,~ D, +AD)Y] &3 B0 7V Wyl wE
oA ARe W BEE D /E w2 A

MR,

[0

At}

oy ot g

fo L @ o

ot Ml e

2
X
rir

ofs

¥ ol N o M oox
=

froox Md

W

343 AT &

Zt A B EE 5SS A pd A p Y
T4 Fbol &3 AES £ HHE o83 22
HAS 4% HE7)e £ Fig 4= AT £
&g Hs) e Bt 7HA] ASE YERE O
Holt}, 7} o] Rt g ME U2 59
o7 TN Yo7 FHH HFLe S Ho
2] 2ok H& 9u)sta, g o E dH HTe

2 2 '
.g 4
&3
(=]
g 2
2
81
Z o4 L
D,~D, + AD D,~D, + AD D;~D; + AD

Normal distance

Fig. 3. Example of normal distance histogram,

pal

=2 0|88 AU =& 2ROl & D8t /AR FH 783
g e Fojwe Holn

Fig. 49] ()% 2h8 Fol Wl 3 WAl 490
WE AN A2 Pule] Holst A9E ofn)
Bk B A1z A A po) B4 37| 2
& Fojure go] g7l wEe] AR B Foig
o). Fig. 49) (b= 2 o] whg o] % s 2 5ol
W AN AZA BT )z AR A p o) BA I
of Tele] BhEe Howe HEW EAstE AT
ojul gtk A p,o) B4l F1kol A7 e By
& AW Q) W M p it A7 Pue Rojis
o Fig. 49 ()% (& 28 2ol Wie A WA,

Ul WA Aol HE oA RA B 7 Fo] A
A p, ol B4 Frol Hol® ehe] FR7} hesi
RS A9 R e ol we )5}
ATCHE st T MR B A

LIRS = |

2] vl ol et Al A e} | WA

¢

495 Yth Fig. 49 (OHF F AT v1&o]
ARE R Fow Ze Fro Mol H p o
F ATo] o] F A vwE e u Lol=2E
I e HRY A7) Wl H pe E IFY
gaS Bttt 1B E Fig. 49 (09 & p=
A2y 2l S Rojwr=t) Fig. 49 (A8 F AT
o] Hlgo] AR FHrk A e P AN ok
2 gae Bo e HFoz Addn) 18] u
ol 714 & 759 2@aE A pol Fosta, Fe

(d) case 4

(c) case 3

Fig. 4. Example of segmentation of point cloud. (a)
Case#1, (b) Case#2, (c) Case#3, and (d)
Case#4,



784 ZEIDICIoES =2 M22& M7%(2019.7)

TR 1S & 1Fd ¥Egdth 18 =R Fig.
48] (A pe AA4F ehde Fof T, ALY
gl Fof e Yo 4y gEs Fo3in
B =FodA Al WA, v 1A A Ure ulE

ghe 08% Agsharh

@ el 7% w2 WES 71E BE ALE ol g
# Bdo] BUW, e Loux 2@ YEw
SE

flllo

o
3] 3413} 3429 AL g N2 B U&=
& AA3 T 34339 AAE G BEHAL 53
3t} Fig. 5= LIDARZE Al&3 AT JHe} o]
ReANE 339 Bl EAS 1ol

r_{

4. MY ZEE 0|3t =Rl ?IX =

gl X e 342 H4e B3 #Td 33 T3
H7ED 23 ©H HEE2 nms)] 2o 9
dsts AGE e e F Ao R
7] el 3z FAY H ARE 23
JH 2 H3st= FHAo) Y3t A= ARE
R W] s 24 Hres W 15
AAM) 1Fow BFsty, B HE 3
galch Ha® 3 ARs

8 Ao AAAHRE 7]k
3 ZRYY MA A3 =
A *’F% Al 23] ﬂzz—‘]tﬂ ZHo 9=
o2 Wighd gw Just = gu
i]%}z] 017 wEo] MR AR
o] @2 7}Ex7} BrbE B RS ALEFT
g o3 2.

Xoox
rﬂﬁ%moﬁrﬂrﬂmm{mﬁ
raﬁoaoxmw

o
&
&
e
11‘,
_]N

Mo oX rfr e omo EIO& o2 2 oE

2
i
:;l
0.‘.4

4.1 3xHE St 20l et 2xHd FH YE E=aRy

33 I ARE 22k HH ARE WEste

R [o
Sk
e
ox

.
ot
[
2
o
o
o ot
2

oot
N
ol
M
e
il
ol
Y
ox
Lo
ofl
ot g
_0|£

tlo o
iRy

Mo o
2 o
N

N
o

il

2

T

l..

e

o

Hir

o a9
-
™R

J‘b" r—E‘ g
o _#
>

g
o

o &

b o2
oo =

e

o
fu
Sid
=il
_(|}{_A‘
kel
[

(c) (d)
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to the point group classification, (a) Example of
LiDAR point clouds, (b) Set end point of each
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Plane estimation result,
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Fig. 8. Process of finding candidate region, (a) Size of
each plane, and (b) Search area of each plane,
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Table 1. The variable list

Variable Meaning

Subscript 7 | Plane information from 2D-LiDAR

Subscript J | Plane information from blue-print

1I(z,y) Weight of 7 at (z,y)

Jz,y) Weight of J at (z,y)

w Candidate region for matching
«a Gain of ceiling boundary

Ié] Penalty gain(3>0)

v Penalty gain(y>0)

Glay) Type of information at (z,y)

(Type : Ceiling, Ceiling boundary)
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Table 3. Summary of localization error #2

T axis Y axis

Mean absolute error 3.292 4.786
Maximum absolute error 6.271 7976
Minimum absolute error 2.548 3.192
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