DEBEris

=T 21-46-12-24 The Journal of Korean Institute of Communications and Information Sciences *21-12 Vol.46 No.12
https://doi.org/10.7840/kics.2021.46.12.2301

ROI 7|4t 7hlzl-2lelt} &3 #AAR 35 daL2F

F A, & EA

T 6

ROI-based Calibration Algorithm of Camera-Lidar Sensor Fusion
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ABSTRACT

In an autonomous vehicle, accurate location recognition with an object on the road is a very important
factor for driving safety. In this paper, we propose an region of interest (ROI)-based location information
extraction algorithm that converges a camera and a lidar for accurate location extraction of an object. In
general, when the camera and lidar are fused to match the position of an object, a target board such as a
chess board is used to calibrate the position difference between the sensors. In the area of interest for object
recognition of an autonomous vehicle, a difference in the positions of the camera and lidar occurs depending
on the position of the object due to the wide road environment. The proposed algorithm divides the camera
image into multiple ROIs and performs the position matching of the camera and lidar independently for each
area. We verify the accuracy of the proposed ROI-based positioning algorithm in virtual and real road

environment.
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Fig. 1. Calibration experiment using chess board.

www.dbpia.co.kr



=3 /ROI 7|9E Fheekgtelt} 43 $IXA R 35 dag s

AF sze|elo] Feslug x2led go|er} AAne s
AR wiwch "AEA woh a3 AbE A meke)
EEAIE Al )7L ol ofjivh w3k AAl W
A EQlES] e 2 AbHAL] HHE 5o
2 glof stuw AAz]Ae] EAtslct

FAo] g= BA o]-—yg]_lS]o B2 eAo] 9=
EE 93] S shee AR Ager) Woixivk
O wjeb 8 91x] Agwr) 83k 2873 373
A= A ek

g o] 43t xRA L=l A}
olm|x|e}l zlolot EQJESS o|WA R FI3E Zlo]
W(depth map)2] *}o]& 5t ozy AlA 71 ¥
3 ASS 73k O]Eﬁ Hob‘d—ﬁ— Shs3el Ajolel w=t
A3t GeiR|ng AeSs o] HitelA] wrk

. Meksk= ROI 7|4t

3.1 MM 9Ix| Hgtel Ho|

BE A= ARk AE 91219k A7) nleke=
Wkl wet A2 thE FFAE 7Pk aeeR &)
Hel AEAZ F3fo] 2 %6}71 SairE A= o
< F3A A2 dle] + A=
el A4 2 912 A el Fesppl
Zhellel Alxjel etolet Alx7E 23] 29} 3ol A%
o] Qb5 w, & AME 7]Ee® veA] Alxe] H3
o153t o] Arg vehle opade ek
Zloet. Fhlel AlA o} elolet AlA 9] £15] A gte] A
| slofoptt 5 AlAle] 2k i) sl

ArHes o] 87 914 Aj darelwe] WA
chg 2,

f.rox()
= Ofyyﬂ
001

LSRATIATY X
To1 Tog Tag Lo Z (D

T3 T3 a3 ts] |

NS

oI XY, 2 eloleh AR £EH E
£ Felgs HTolH py slole TAESS F
(projection)t 7HH|g} kol EQE Tl
= i]z% zsgaﬂo] Ty —Ta3 B ]. .Lﬂsgo]i z;gaﬂ tlfts
Zre] Y g Bole] 3x19) PP ow wEHr)
2 ool vheln Fe AT vpagele]
2 plet Wl stebleigteaa Apie ) 2

AR, 5, Wl A el £, 73 7
2ke] =& 2](focal length)yo|v} XAt al= &

ol rﬂ

»

A1} oln] Alxele] A2)E ejulabk. 7,9} g, 7h
s} A EE] Sole melgle] FAdol) olelsl
sAow Qs zolet FRlEE olnlx] FalEw
Teduich 1 )pages} o) negele shle] Waw
Holajel theat 7ol Ealg & ek

MMy My M3 My

= | Mgy Mg Mgy Z 2
Mg Mgy Mgz Mgy | |

X

Y
1

3714 m- A4 2k W ASR spelleh el
7} o -Re] ock shpe] Mg Ao olf=
gojcte] ElE Fehpms} et Alxe] HA €
olele] Al vehi7] 17 Zlelek A 2)F
7} efolet 2ol Tl-Sshe Fvilet A3 3 el T4
cheat 22 5 o] WS & 5 glk A 9%

Esjo] W ASE Tolbr] ANt i 2
QEge] Hasi)
B myX+mpY+m s Z+my,
Mg X+ Mg Yt mgs Z+my, 3)
_ Mo X+ Mgy Y+ Mo Z+my,
Mg X+ Mgy Y+ Mg Z+mg,
8 38 A|AHEE o]

rlo l"O{'

912 Al Aele). o7
@ o o] Wk %
FSEE o]n|x] iolE 5 ol #1o) A Ae]
ok 2% 36l o]elA] 9% 91] A% TPl B
o] eelcts} 7hsleh A}«»H 12 el 57 s
oF % glek. o|Zke olvlxe] Fetelx] HejuE )
Tsuao] AekslA] oro-o olm|gic) o]asy PARS
253 PelA Aae
%6}01 o el

gl

314 e ol %

b ojlels) 2folc} A4
doz FAE zolrh
]

u_'

L

453)
31ek

#d A <de

‘}X

L
N{N'

B 2
ok rulm

]
2l

43
N o] EAE AT 5 9l

FFI
i

o
=

O.u..
18

o]

e

LiDAR Distance

Camera T

Object

VI I T

a7 2. AlA 7Ee] Al 9A A
Fig. 2. Relative position figures between sensor.

2303

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences "21-12 Vol.46 No.12

J7 3. AxR=E o83k 914 A3 dae
Fig. 3. Calibration result using chess board.
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Fig. 4. ROI segmentation for calibration coefficients.
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Table 1. Point cloud data coordinates using lidar sensor.
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Fig. . Position of the lidar sensor in virtual.
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Table 3. Compan'son of distance measurement using the
proposed algorithm with the distance of the vehicle ahead
in the real environment.

Area 4 5 6

Lidar Distance (m) 9.12m 9.81m 7.05m

Calibration Distance (m) | 8.94m 9.56m 6.92m

Error (%) 1.9% 2.5% 1.8%
E 4. /)% 97 A% Lt Ackke daelE A
v

Table 4. Comparison of performance between the existing
positioning algorithm and the proposed algorithm .

Area 4 5 6
Lidar Distance (m) 9.12m 9.81m 7.05m

Suggested Calibration

Distance (m) 8.94m 9.56m 6.92m

Existing  Calibration

Distance (m) 8.32m 9.4m 5.8m

Difference Value 0.52m 0.16m 1.12m
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