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A New Method for 3D Shape Measurement and Surface Reflectance
of an Object with Rangefinder

{3 Daisuke Narita, Kozo Ohiani, Mitsuru Baba
Faculty of Engineering, Okayauia University

Abstract: An ohject for computer graphics applieation requires two followisg information: three

dimentional (3-D) shape and surface reflctance property of the object. We proposed a 3D shape
and surface reflectance measurement systerm using the new sensor, which can detect the jncidence
position and the angle of the light shmltanecusly. Experimental results successfully demonstrate

the efficacy of the method.
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1 Introduction

An obprcl for computer graphics application requires
two following inforstion:  threo nlim('.mimu_;j (J-I)}
shape dnd surface reflectance property of the objedt.
1 ordinary approaches, informavion of the 3-1) shape
andd-the surface refleciance are squited nsing a CCD
camera. Recently, a rangefinder is used 1o hmprove the
aceneacy of 3-13 shape measnremnent.

However, ordinary ruigefinder can bhe applied. ouly
fo Lambertian objects. This churacteristic of the
rangefinder has severe drowback e applyisg the
rangefinder to GG applieations.  Thercfore, it would
be of great value 1o bave o rangefinder thae could
not- only determine the &I shape hut akso estimute
the reflectance properties of objects that have non-
Lambertian reflectance charactetistic,

We hiere propose & novel laser rangefindes, which ean.
measire the 3D shape and the sarface reflectance. of

an object simultaneously. The rangefinder is used the
itnnge sensor which can detect the incidence pansition

and the angle of the light simultaneiusly 3,

2 Measuremernt system
2.1 System configuration

Fig.1 shows the syvstem configuration. The light-
stripe projocted from Iaser is received by the bnage sen-
sor after reflected by objects. This image sensor is ablé
to detert the incidence position and rhe angle-of the
Hght-siripet, as shown in Fig.2. By using bhis seasor;

FD positions of objerts with buth Lambertinn surlaces
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anel specular surfaces can bie Tound 25

"The position of the light-siripe i the measired space
is defermined, as shown in Fig.3, mid #ts ])D‘Si';é;)n (7, 2)
is compuied by triangolativn. The eguations are as fol-
jows:

r o= ztan{o+og) {1}
- sy epsdaftan{oo+ o) — tanal
&+ spcos a{tan{o + o, ) — tan i}
cot v + tan{o + €}

whete »y . y.0an he express as

f -{ws + L &)

SRS (e T “
g, = toptem AT I) AUY '5-(5’—;'.)‘-1_011*&_' (4)

-Stage camiretier

Fig. 1: System configuration

PRO0Q1/02/0000-0001 ¥400 © 2002 SICE 0001



| AT .
==
P o F A
A%, FERNTIRITOT |
l'—"" : 4;_'":" Sansort
'{ip:gnencc angie
Lighl spot
Fig. 2 : Sensor system
_____ ~
B C
AL
X
]
v/ o
eI
LD
Image 44
senmr!, ~
H_&{/{}: d

Fig. 3 : Coordinate system

2.2 Measurement procedure

The procedure to measure g 3-D shape and surface
reflectance simultaneously sre.as follows:

Stepl: First, the laser was projected Trom initial pro-
Jection angle, and 3D positien of the abject was evak
uated willh the pixel position of the inmge sensor. At
the same 1ime, the imensity of the light received by the

intage.stnsor Was measured.

Step2: Next, the projection amgle.was changed while
the projected point was fixed, and then the intensity
was wensured by the imege sensor. This Process was
fepegied from 30 degrees to 120 degrees of projection

angle.

Stepd: The projécted point was changed, and Step2
was repeated.

In this way, we can acquire the datn of the 3-I shape
atud the sarface reflectance of the object.

3 Experimental results

Fig.4 shows the resalts of 3-D sliape 1messurenient
and rendered ismege based on the measured surfiwe re
flectance for “Bizenvaki™{s fanons potiery i Bizen}
and “Kinpai™(a vap painted gold]. Tlie experimental
results demanstrate that o raugefinder can measure
bath the 3-1) shapes and surfaee reflectanre properties
of objects.
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Fig. 4 : Experimental results

4 Conclusions

We have explored thiemessurement svstens which can
measure 3-1). shape and surface reflectance property of
the obhject shnvltaueously. This experimental results
show thit oor systoan s effective Tor computer grapli-
ics applicatiomn.
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