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Abstract

The development of a 3D Coordinate Measuring Machine (CMM)
using stereo vision with line laser is described in this paper. The
purpose of the machine is to measure surface coordinates of
target object, The point cloud can be exported to CAD application
software such as CATIA and used to create surface to obtain
CAD model. Stereo vision, a technique of calculating 3D
coordinates from two or more cameras in different viewpoints, Is

used for 3D reconstruction, which is simplified by projecting line

laser on the target surface. Working-space of the machine is
inside the 200X 150X 120 millimeters (width X length X height).
Tested with continuous and complex surfaces, the machine has
shown Its performance to achieve good result. The accuracy of
this machine is about 350 microns (0.35 millimeters) when
measured at 100 millimeters from the top of the Z axis. The
accuracy can be Improved with better quality of the line laser.

Keywords: Stereo Vision, 3DScanner, Coordinate Measuring

Machine, CMM
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Abstract

A 3D Coordinate Measuring Machine (CMM) using stereo vision with line
laser was developed in this research. The laser line on the target surface was taken by
two CCD cameras. Stereo vision, a technique calculate 3D coordinate from
corresponding pixel in each cameras, used for 3D reconstruction to enhanced the

precision of machine and make the machine more flexible in real application. The .-

point cloud from the machine can be exported to CAD application software such as
CATIA.

Tested with continuous and complex surfaces, the machine has shown its
performance to achieve good result. The accuracy of this machine is about 350 micron
(0.35 millimeters) when calibrated at 100 millimeters from the top of Z axis. The
accuracy can be improved with better quality of the line laser. Working-space of the
machine is inside the 200x 150x 120 millimeters (width x length x height).
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51 3.1 dnyzvewu$ineandes (Camera model)
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coordinate system)
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Rigid body transformation nszuuninalanvesing (x,,y,,z,) szuy

Y

“ 9
WNAVDINADY (X, y, 2)

x xW
yi=Ry, |+T [3.1]
z z

w

Taof R 1§14 3 x3 Rotation matrix

R=|r, 1, rg [3.2]
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(xw,yw,zw) 3D world coordinate

l

Step 1
Rigid body transformation from (xw,yw,zw) to (x,y,z)
Parameters to be calibrated; R, T

¢

(%,y,z) 3D camera coordinate system

'

Step 2
Perspective projection with pinhole geometry
Parameters to be calibrated: f

{

(Xu,Yu) Ideal undistorted image coordinate

v

Step 3
Radial lens distortion
Parameters to be calibrated: K1

!

\j
(Xd,Yd) Distorted image coordinate

'

Step 4
TV scanning, sampling, computer acquisition
Parameters to be calibrated: uncertainty scale factor sx, for image
X coordinate

l

(X£,Yf) Computer image coordinate in frame memory

9
o

317 3.2 Gupsumsuaaifiannszuunaa lan 3 16

lgaszuvsannluneufiunos

wag T 1)U Translation vector
T,
T=\T, [3.3]
L
3 4
VUADUN 2
I~{ a o Y ' a = .
Wumsuasainszuuinandes llﬂ’quz‘lJ‘UWﬂﬂﬂqumJﬂﬂ (Ideal image plane

coordinate), (X,,Y,) Iavld perspective projection 1214

?

X,=1> [3.4]

v,=f~ [3.5]
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Taf (X,,Y,) WumRfauuszuunImAuRese (Actual  image  plane
coordinate) {ae
D, =X,(xr* + ket L) [3.8]

D, =Y, (kp* +iyr +..) [3.9]
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o o ] @ . a o
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3.3.1 Correspondence Problem

1
=y

lumsud Correspondence problem sedoalidai 19 lumsnlSouifion way
o a = A o 1 o ! o ad A
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Tdannuduveesniw (Intensity value) uazms 19anuazg1)s1e (Feature) voeiaglunm
ad d 1 ° o ' o o . 1
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o 1 1A (Y o) 1
msuf correspondence problem HanudiAgsemimaitavesingilusdiann

.

‘ﬂ'lﬂi‘i_l‘l’l 3.5 “INLL’CT@Q? Uu*dmasTamwumsummwmmuﬂumaummﬂmuuu 0 P uag

0 Whuyaiideamsinfda Qﬂm’sim"lﬂmﬂnmm correspondence problem AvgA (p, r)
4
g (q, q,) auday Famnranain 1Aya (p, q,) uog (q, p,) mammammmwnmﬂé’

T
@ A

9 P’ uag Q' mudey Ferldmdatad 1dRanma muummmmwmmmmwuaﬂ

U

AunIsuA correspondence problem iHuediaun




21

= = a a 3 o £4
317 3.5 ANuARNAIANDIUARTNAUMIUA correspondence problem

Epipolar Geometry

TUNITAUMIEIUUDININNIIVIINATIAUAINNI9918 1WA correspondence
b dd'hlv a 9 a v ° |c§
problem 3iu AsdiN linsrwismwesmsdumsasudumaIndumisdeuuves;liag
' A S 1A a
Aum lRaggaruninzasuegl Feilidenanin uailessnil Epipolar Geometry 34

) -1 o ' 4 .
frelinsudilgmidiniu  Teosildasaumeglunuiveuduasudunis MiSead
epipolar line

epipolar line epipolar line

epipolar plane

17 3.6 Anymzued Bpipolar Geometry
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a { a v Jd
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3
asanulENe nanmsHiiSendn epipolar constraint
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epipolar line

epipolar plane

0, ~ = 0

51/ 3.7 maadradu epipolar line Tunmveendeadiiun
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