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Abstract

The purpose of this project is two folds.
One is to develop a 3-D vision measurement
system that is capable of measuring the
spatial coordinate of an object, the other is to
cooperate and control the 3-D vision
measurement system through network. The
3-D vision system consists of two CCD
cameras and thirty-three laser-structured
lights. The direct linear transformation
method is used to find the transformation
matrix between rectification coordinate and
image coordinate. The planar equation of
laser-structured lights is calculated at the
same time. By combining the image ray,
planar equation of the structured lights, and
epipolar line, the 3-D surface coordinates of
an object can be identified.

The system uses visual servoing to
automatically accomplish the profile tracking.
Based on the feature of the multi-laser beams,
a path can be determined. By keeping
constant distance from the object’s surface,
the scene depth problem can be avoided. The
robot is controlled to follow the planned path
and the eye-on-hand vision sensors are used



to detect the range data automatically.

Then, the control operator
manipulate the 3-D vision measurement
system through the web site and ISDN.
Manufacturers can communicate with the
customer immediately and understand the
customer requirements. It can save time and

<an

resource, and hence manufacture products
more efficiently.

Keywords: structured light, visual servoing,
CCD calibration, direct linear transformation

Motivation and Purpose

The  breakthrough in
technology, computer graphics, and Internet
technology have recently generated much
interest in systems that may be used for
imagining both the geometry and surface of
an object.

In designing a system for recovering the
object shape, different engineering tradeoffs
are proposed by different applications. The

computer

main parameters are: cost, accuracy, ease of
use and speed of acquisition. Reverse
engineering provides an efficient solution.
Thus, how to rapidly and accurately get
object surface and geometry data becomes
important.

This project aims to combine the
ranging data acquisition, visual servoing and
Internet  technology to develop an
internet-based
Supported Cooperative
system.

3D-vision Computer
Work (CSCW)

Implementation and Results

(1) System design
In the third year, an Internet-based

3D-vision CSCW system is constructed, as
shown in Fig.l. This system consists of
multi-laser lights, two cameras, a six-axis
industrial robot and a PC with ISDN
equipment. The laser has thirty-three laser
beams. Two cameras are used to capture the
image of the laser stripes. The industrial
robot provides location and
translation. The responsibility of a PC is
analyzing images, estimating 3-D coordinates
and controlling a robot through ISDN
connection [1,2,4,5,6,8,15].

accurate

{2) Epipolar geometry

Epipolar geometry has been employed
in three dimensional computer vision
[7,10,11,12,13,14]). The points at which the
line through the centers of projection
intersects the image planes are called
epipoles. In Fig. 2, the Ieft and right epipoles
are denoted by e, ande,. The left epipole is
the image of the projection center of the left
camera, and vice versa. P , O, and
O, constitute a plane, called epipolar plane.
Epipolar plane intersects each image in a line,
called epipolar line. The condition that the
corresponding points must lie on conjugated
epipolar line is called epipolar constraint.
The search for comresponding points is
reduced to a 1D problem. It is the most
effective procedure to reject false matches
due to occlusions.
® The Essential Matrix

In Fig. 2, we can get vectors F,F, and

T=0,-0,. The relation among those

vectors is(P, —TY T'x P, = 0like dot product

of two orthogonal vectors. This function is



substituted into P. = R(F, -T), and we get

(RTP,)rTxP, =0. Since a vector product

can be written as a multiplication of a
rank-deficient matrix, we can get
TxP =8P (1

where matrix S is given as

0o -1, T,
s=| 1. 0 -1, @
-7, T, O

Therefore, the original function is obtained as

(r'PfsR=0 PR SPR=0

PTEP =0 3

where E =RS, andS isalways rank 2.
The matrix E is called the essential
matrix from two orthogonal vectors’ relation.
It establishes a link between the epipolar
constraint and the extrinsic parameters of the
stereo system. Eq.(3) can be rewritten in
of the coordinates  as

terms image

piFp,=0, and u, = Fp,. The essential

matrix is the mapping between the points and
the epipolar lines we are looking for in the
camera reference coordinates.

(3) CSCW

CSCW [3,9] is concerned with the
design of computer-based systems to support
and improve the work of groups of users
engaged in common tasks of objectives, and
the understanding of the effects of using such
systems. CSCwW improve
computer-based group communication, such
as modern multimedia applications and

can

conventional monomedia systems, as shown
in Fig. 3. CSCW has been studied since the
early 1980s. Major contributions to the field
come from Scandinavian researchers.

{4) Development of the CSCW system
This system 1is designed for

collaborative works between local user
(Local) and remote users (Far end). The
main issue is to make sure of establishing
connection for T.120 protocol. The
following describes the setting in the
collaborative system, and procedure for
establishing T.120 data conference. Local
and far end mean active local side and
passive remote side in collaboration,
respectively.

1. Local

(1) Determine whether the Far end
supports T.120. If it does, then
execute next step, otherwise exit
program. If Far end supports T.120,
then local prepares the local data
mode for MLP.

(2) Set data request mode in MLP
(Multiple Layer Protocol) and set
serial port (toggle ON) preparing for
T.120 connection. Open T.123 data

channel using Q.922.

(3) Launch local NetMeeting, prepare
application and data sharing
standby.

(4) Send MCI (Media Control Interface)
string command to notify both Far



end and Local to prepare for T.120
channel.
(5) Initialize T.120
(6) Local and Far end: Start the
collaboration of data-conferencing
in T.120
2. Far end
When Far end has received the
MCI string command in preparing for
T.120 channel connection, Far end
must react. Far end must set data
request mode in smart mode (MLP)
and set serial port (toggle ON) for
T.120,  then T.120
immediately.

initialize

Discussion and Conclusion

(1) The limitation of the proposed 3-D
vision measurement system
For the proposed system, there are still

some drawbacks that can be further improved.

The 3-D measuring accuracy is limited due to
the view angle between CCD and the object.
The resolution of the system is 0.84
mm/pixel. If the view angle is big, then the
CCD resolution can be better.

The ISDN online discussion and data
conferencing works well in this system. For
fast transfer speed, bandwidth should be

improved.

(2) Evaluation of the results

Basically, the proposed project goal has
been achieved. The 3D vision CSCW system
has been constructed and the associated
theory has been developed. Moreover, the

system automatically scans the object and
starts the scanning program, then remaining
procedures, rough
estimation, path planning, robot control,

including outline
coordinate transformation, etc., are calculated
and executed by a host computer. Based on
ISDN, videoconference and data conference
can work well. Connection with NCKU and
MEAS Lab. works well. Far end client can
control the system to measure the object’s
surface.
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Collaborstive System

Fig. 1 CSCW 3D vision measurement system
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Fig 4 Communication block diagram




Fig. 6 Online Discussion (NCKU Metal Forming Lab.)



