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Calibration of VLP-16 Lidar Sensor and Vision Cameras Using
the Center Coordinates of a Spherical Object

Ju-Hwan Lee" - Geun-Mo Lee" - Soon-Yong Park™

ABSTRACT

360 degree 3-dimensional lidar sensors and vision cameras are commonly used in the development of autonomous driving techniques for
automobile, drone, etc. By the way, existing calibration techniques for obtaining th e external transformation of the lidar and the camera
sensors have disadvantages in that special calibration objects are used or the object size is too large. In this paper, we introduce a simple
calibration method between two sensors using a spherical object. We calculated the sphere center coordinates using four 3-D points
selected by RANSAC of the range data of the sphere. The 2-dimensional coordinates of the object center in the camera image are also
detected to calibrate the two sensors. Even when the range data is acquired from various angles, the image of the spherical object always
maintains a circular shape. The proposed method results in about 2 pixel reprojection error, and the performance of the proposed technique
is analyzed by comparing with the existing methods.
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Fig. 1. A Lidar-Camera System for 3D Map Generation
(a) System View (b) Transformation between Lidar
and 6 Cameras

S F AN BAE 9ste] 712 A7E HY Fuw
W RARAE LSS B A RAT), A FHow
o] o)1 A

Bl
= o
HAZAE 7hvizte} gtoltt Aol A rojm= A
g 5 ,HJﬁ, Aol 27k ’B é 9‘r gﬂH A FUARE
% E

o
A7 (ZD feature pomt) % —ngﬂ D]’T:‘ o]tk
[e]

AA (3 feature pomt) & AEsth 1E4 2D-3D

o
A gty oz “qp—ﬂ cor*responding point) Te=d

]S>

)
m

o o oo I rdh Y oX ol

S F2 HAR ;q]g] B A, E’Jﬂfﬂ
5 S ot} vk T AlA A A2 T2
Za A58 SR Ee dsBAst 42w

oy =
o
‘z
Y
o
b f

[
o
tlo
o o

o
.
ol &

g 53 ool

EEEER PR ERCRE
Sk s elidal A 7 51 A
AAE AT A3 BAEA 3%
ol A5 ole] e G20 e 2
87 89, o212 BAS 4] Aotel 1A 2
A AL ofe] RABAT Fa doleg N5 ek

_,d
e
il
24
lo
w
B
=
oZi
}u:
il

iuf
r—_>':‘4

o o >

N
-

¢

>
e HE
we b1oact rfo

o
k1
il
N
NS
™
o
O
Com

BN

U
N
_|_,
ni‘i
A
rﬁr
m‘lN‘Oﬁ::UE
SE e
NN

u



71E ATt o] WHoE o|Fof7l HAEAE AT
A% AA e B=wEk(viewing direction)®t B4 =Ao
Hol ME nFHESE X713 vlo]E & F53H vl A
Qza7F AL 344 HelHE ¥53 £ gtk A nAy
delHE F537] g5t 49 HelgE 5T + e
AAE 3+ }OF sta theksk w4 dHolHE 85 & 4
R A 2L B AkzHe] AP}

B =go e goltt AlA e FiHEizte] 2AS K 4

I wEA FE] {8t sl FHEAT ARESE W
He Aekstgrt. [10, 114 Axbe FHEAE o] &3}
360% gholt} Aol Wizl Fhwleke] ®A, ']y thAlA
RGBD7HEHE Abole] ® A #alo] 714S A|okst nlr}

[e5

oltk. 3314 A8 E MM 9 Fhvlal Afole] WEARAZS 1A
& o THEAES ol &St A F A A d& F
otk A HAE T W 3aY BFUARE H2 o g4
A5ty 1o 3349 FALS FAHE £ Yo Aot o
A golth Mo S gEs) vol 33k ARt 1%a
o= 33 TAA % FAT o Ik E e A
7o) 334 RRARE o AxdA PS5t P4 7Y
s frAgTE &401@ O AL MA O TEurEFI HA ZA

= RAEAE AAAAL o= Al

22 5 MAMoAM ES3 S22 AlEshe B

B =FoME gdoltt AMs guel Atolo] AL wr)
A3 w2A Fdsy] gt 7 AA A AEE = 33
224 S HES AREsE 2], Fig. 29 <& HA} Fig2
o Mg} 7o) st gholth AA Vet shitel et Co) A
obol A FEHOR 5 I £ 9 339 H 239 Aol
247} 307y ek 7Hgekak 3akd A3 22k A 44 pi

o qiz AN olnh F AH Aol] 339l J5teLA W
WA el ABYDE Ty BHHE Dy sl
Sawas} ol gugon TG

Fig. 2. 3D Transformation Relationship between a LiDAR
Sensor and a Camera Defined by Three 3D Points
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Fig. 4. A Method of Detecting the Center Point of a
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Table 1. Pseudocode of Calculating the Ball Center

while(m)
// Using the ball center coordinates from four
// surfacepoints, distance from all surface
points are computed

if(r—e <lppl <r+e)ij=12,....02)

// 3D coordinates of inliers are computed

thencount ++

[/ If the number of inliers is above a threshold
the model center is considered as the ball center

g (count count

n
elsem =m+1

> 1) break
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Fig. 5. Examples of the Detecting the Center of a Sphere in a
2D Image (a) Original Image (b) Spherical Object Color
Detection(Adaptive Threshold) (¢) Spherical object
Detection(Ellipse Fitting)
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Fig. 6. (a) Velodyne 16-Channel Lidar Sensor and 6 Vision
cameras (b) Calibration Ball

Fig. 8. A Planar Object for Comparison of
a Conventional Calibration Method
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Fig. 9. Data Acquisition of a Circular Planar Object with
Distance at (a) Tm (b) 2m (c) 3m
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Table. 4. Comparison of Reprojection Error with Conventional
Methods(In Pixel)

average error (pixel)
Proposed Method 2.15
Planar object 4.08
O. Naroditsky [6] 6
Y. S. Park [7] 4
M. Velas [8] 325

) Matching reprojection error (pixel)
Transformation .

LD Average s.t.d.
Tyt 12 2.02 1.94
Tye 12 1.77 0.7
Tyes 12 1.25 0.37
Tyet 11 1.45 0.43
Tyes 12 1.72 2.82
Ty 12 1.89 0.78

(a)

(b)
Fig. 15. The Result of Modeling the Building and Basketball
Court using a Lidar Sensor and Six-Cameras
(a) Indoor Data (b) Outdoor Data
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