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It has been challenging to capture a highly accurate 3D
shape of a target object using a projector-camera pair. At-
tempts have been made using the pinhole model to represent
the camera and projector geometry and a cubic object to
estimate calibration parameters. The projector cannot emit
light stripes through the same pinhole when scanning by a
rotatable mirror. In addition, it is preferable to estimate the
parameters using a two-dimensional object. In this paper,
the problem of calibrating a structured light rangefinder is
addressed.

A structured light rangefinder is composed of a camera
and a projector. The rangefinder allows 3D reconstruction
when the camera observes a light stripe on a target object il-
luminated by the projector. Fig. 1 is the geometric model of
a structured light rangefinder. Both the camera and the pro-
jector are represented in the camera coordinate system. The
camera model is based on the pinhole model of perspective
projection. The projector model is based on the equation
of a plane model. Even if light stripes are emitted in differ-
ent directions, the proposed geometric model is applicable to
various structured light rangefinders.

Our approach to calibrating a structured light rangefinder
incorporates two separate stages:
projector calibration. Two parameters set are estimated
by observing a reference plane from unknown viewpoints as

camera calibration and

shown in Fig. 2.

In the camera calibration stage, camera parameters are ob-
tained by Zhang’s method. The camera calibration matrix
is estimated from perspective projections and homographies
between image plane and reference plane. Then, the rotation
matrix, translation vector, and radial distortion coefficients

reference plane
coordinate
system

camera
coordinate
system Y.

Fig. 1.

Projector

Geometric model

are computed. The camera parameters are optimized with a
nonlinear refinement based on the maximum likelihood cri-
terion.

In the projector calibration stage, we estimate projector
parameters, i.e. the equation of a plane for light stripe, us-
ing the 4x3 image-to-camera transformation matrix which
can be directly computed by the camera parameters without
recalculation. The light stripe is illuminated on the reference
planes as shown in Fig. 3, so that a segment of the line is
projected onto the image plane. The matrix allows the light
stripe image-to-camera transformation. Therefore, the coef-
ficients of the equation of a plane can be estimated by the
least squares method with at least three image coordinates.

In the experiments, it has proven that our approach to
calibrate the rangefinder, defined that the projector model is
using the equations of a plane, achieves high accuracy mea-
surements. The calibration method using a reference plane
obtains similar results to the traditional methods using a
slide stage.

Calibration scene

Fig. 2.

reference planes

camera
coordinate X
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Projector

Fig.3. Projector calibration
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Calibration Method for a Structured Light Rangefinder Using a Reference Plane

Koichiro Yamauchi*, Non-member, Hideo Saito*, Member, Yukio Sato*, Non-member

It is challenging to capture a highly accurate 3D shape of a target object using a projector-camera pair.
Attempts have been made using the pinhole model to represent the camera and projector geometry and a
cubic object to estimate calibration parameters. The projector cannot emit light stripes through the same
pinhole when scanning by a rotatable mirror. In addition, it is preferable to estimate the parameters using a
two-dimensional object. In this paper, the problem of calibrating a structured light rangefinder is addressed.
Unlike previous work, the projection of a light stripe from the projector is expressed by the equation of
a plane. The coefficients of each light stripe’s equation are estimated by observing a reference plane from
unknown viewpoints. Experimental results demonstrate a high degree of accuracy compared to conventional

methods.
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Geometric model for a structured light rangefinder.

mgA[ R t }Mp ....................... (1)
a7 U

where A= 1| 0 8 wg
0 0 1

LRI, R (7)) BHFKREETHLZ E2RLT
Who AEH AT ORE/ ST A — 5475, R IZEERITEY,
tIZEHENZ PV EET, A ICEINEZEF o 8. 7.
Ug, Vo T ATOWFIINT A—=% R, tIIHh 2T DOIER
T RA=FTH5HD,

K52, HUESPIERE M, & A T M, L OMGIE
RIS X — % % fiio T

MC:[R,t}Mp

where R = [ ry ro r3}

}:?Biﬂi“(%%o ry, Iro, Is Lij]){?’;‘.:—lé ?%ﬁ‘%%f:%@?
TR X,, Y, Z, MoK ESEEAs b VT

O, BMBPETLENRY MVEFRT, DFN), HATFTINT X—
FHRELND &, B 2 5 MR~ OFHE AR B L O
H1 AT HERESR A & 7 BEES P O TE & S50 % o
FEEOH AT THRESNERIE, Ly XIZLoTED
S, MWK E Y R—IV I AT ETRL - 2 EEDNES
Nb, 20X )%l v APFEIZL - TED SN Z ML
T5720121F, Ly XOBHEMIZOWVTEET 5 LEH
Hbo LV AEROEERZ - EGEE m % [u,0] & E
Fo [, 0] & EARD I\ ERARMY 72 R [u, v] & DOBIFRIZ

U= u+ (u—up)[k(z? +y?) + ka(2? + y*)?]

B =0+ (v—w0)[k1(2® + ) + ka(a® + y*)?]



EEREINL, k1, ko Lif])‘?@l/:/}(?é}%’ﬁéiﬁ, [l‘,y] =

u
y = JA_1 L I IR (5)
1 1

LREND, 2F0, A, k. ke BESRNL, EAREZ
7z [, A5, EAREZT TR WEBN S [u,v] Z2H#
ETHIENTEL®,

(2:2) FAVIIEEFIN  Tul sy rs R
ENDBTRTOAY v M EFHGERE LTRLAT 0
VI IDETFNVEREST D, AU v MRidh A T HEER
BWT

aiZe + biye + cize +di =0

LEFRT Do IRFiIXAY) v MEOFEE, a;, b, ¢, di i
FHABROBREE RT. INOORHE Tay =7 73
T A—=F LS,

2Ny M X #EoXHAEZp e LT, O &p&d
PREEZ LR &35, T2, AV v MBE Z 0 8h Y, @)
LDLT AR ENTNIRM 0;, Bf ¢ LEFRT Do 2
NoOEKE, PR/ S

Ly = i@y (7)
0; = Arctan(—c;/a;) -« eor e (8)
bi = arctan(—b; /a;) <+ - e (9)

CRMETE S, 2OXHIZ, BRI AT ETOY 2y
yOREBE, AUy NeoEA LB APESND,

ZOETIVCTIE, AV v MEPEMICBWTFHRITH
ERZLT, ¥RTOAY v bR L TENZN A
BRAEERLTCVD, F00, Ay MEED LS %
KBS ENGEIcBnTy, Tayz sy 712k
RENDLAY v MEORAEIEEEZ KT ENTELD
THbs

(2:3) EHAIRE Who=kixEKiE7o s %
POMEI~R) v MEEE L, EORGPLE I X T
SBIIT2ZL12k ), ZoEH EoWlESE LTHON
5o 2F N, WEMAOFE EOBERIE Y X T O
me&RY Y MEOTFHRFERNEDOXRRIIH 5,

BUOIE, #ASETY L7 FDEFIVEHIUL K
(1), K (2) BLUK(6) 25 [2c/26,Ye/2e, 1/26] 12DWT

0 Ze/Ze
0 yc/zc
di ]./Zc
EFBTE D, I, B A TR [0, Ye, 2] 1I22WT (10)
KEfEd e

(u—uop) — (v —vo)

Te = Zec
(0%

o - (10)

a v
0 g = | v—1p
a; bz —C;

1164

Fig.2. Calibration scene.
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Fig. 5. Color images and slit light images.
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Table 2. Measurement error.
No. 1 No. 2 No. 3 No. 4 No. 5

The number of points 15,629 15,629 19,405 19,861 19,861
(i) Pinhole model

calibrated by slide table [mm?] 0.41 0.38 0.26 0.26 0.31
(ii) Equation of a plane model

calibrated by slide table [mm?] 0.22 0.31 0.19 0.13 0.20
(iii) Equation of a plane model

calibrated by reference plane [mm?] 0.23 0.32 0.21 0.15 0.21

(i) Pinhole model calibrated
by slide table

(ii) Equation of a plane model calibrated
by slide table

(iii) Equation of a plane model calibrated

by reference plane

Fig.8. Measurement result of spheres.
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