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Abstruct

A Robot system to realize a painting using a writing brush
is cxplaincd here. Based on the three-dimensional data
about the target china , the movements of the writing brush
is determined. The movement is realized by the movement
of two robot manipulators which movce
coordinatedly. Expcrimental results reveals the applicability

of onc system.

1 Introduction

In the western part of Japan e.g. Nagasaki and Saga areas,
the ceramic industry is popular, where traditional potteries
and dishes are produced. In these areas it is desired to
introduce automatic producing machines and ncw
technologies in order to supply better products with lower
pricc. Many manual tasks arc now being replaced with
machinc tasks. While some painting tasks on the china was
replaced with automatic machine tasks, traditional painting
tasks using a writing brush are difficult to be replaced with
machine ones. Onc reason of this difficulty is that in almost
all cases the painting tasks are conducted on the three-
dimensional curved surface. Already one technique called
Pad Printing is practically developed to enable painting on
the three—dimensionally curved surface. However, from the
artistic point of view, the technique called Pad Printing is
not satisfactory since this technique is not good at painting
gray—scale patterns which are typical for the writing brush.

In order to enable a machinc to paint using a writing brush,
some problems nced to be solved. The first problem is to

obtain the three~dimensional information of the target china.

Once the three—dimensional information is obtained, the

movements of the writing brush is determined so that the
resultant image on thc china is observed without any
distortion. The posture of the writing brush and the china
need to be considered as well, since the printing using the
writing brush is affected by the gravity remarkably.

Considering these difficulties, we developed one robot
system which realizes painting on the three—dimensionally
curved surface using a writing brush. One feature of this
robot system is that coordinated movements of the two
manipulators are introduccd, where one manipulator moves
the writing brush and the other manipulator moves: the
target china. In order to conduct traditional manual
paintings, movements of the manipulators are coordinated
considering the gravity effects. The three-dimensional
shape of the target china is measured using a Jaser distance
sensor which is mounted on the tip of one manipulator.
Based on the three—dimensional data and desired pattern on
the china, all coordinated movements of two manipulators
are determined.

However, one problem still remains. The problem is how
to compensate the mechanical error which is inevitable to
the conventional manipulators. Therefore, a force torque
sensor is mountcd on one manipulator so as to detect the
painting force and to compensate the mechanical errors of
two manipulators.

Some experimental results reveal applicability of our

robot system to painting tasks using a writing brush.

2 Configuration of Robot System

A robot system to rcalizc painting tasks on the china using
a writing brush is shown in Fig.1. Thesc two manipulators
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are controlled by one robot controller, which is composcd

of a host computer and a set of parallel data
processors( Transputer ). Five parallel data processors are
employed to enhance the computing ability.

On the tip of the tool manipulator, a force torque sensor
is mounted. Due to this sensor, the force betwcen the
writing brush and the china can be controlled. Also a laser

distance sensor can be mounted optionally there. The tool

manipulator moves the sensor over the china and the sensor

measure the global 3—dimensional shape of the china.
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Fig.1 Hardware Iinplementation

3 Coordinate System and Coordinated Movement

For the coordinated movements geometrical relation
between two manipulators is essential. Thercfore, the
coordinate system shown in Fig.2 is defined. Every symbol

has the following meanings;

Painting
E t Brush

Yorkpiece
Man¥gufator

Fig.2 Definition of Coordinatc System

Z,:Homogencous transformation matrix between world

coordinate system and the tool manipulator.

Z,:Homogencous transformation matrix between world
coordinate system and the workpicce manipulator.

T, :Homogeneous transformation matrix of the tool
manipulator.

T, :Homogeneous transformation matrix of the workpicce
manipulator.

E, :Homogencous transformation matrix of the tool.

E,, :Homogeneous transformation matrix of the workpiece.

Using the above transformation matrices, the position and
the orientation of the china based on the world coordinate
system is represented by the following cquation.

(worldXwork)=2Z_ T, -E,
The position and the orientation of the brush based on the
world coordinate system is represented by the following
equation. '

(worldXtool) = Z, - T, -E,

The following relation is readily obtained from the
gcometrical relation.

(worldXtool)=(worldXwork)(work Xtool)

In the case of painting tasks the relative movements
between the china and the brush are essential. Data
(workXtool) represents how to move the writing brush on
the china. Considering that the posturc of the brush is
usually scttled normal to the target surface, data
(workXtool) can be determined by the three-dimensional
information of the china and the desired painting pattern.
Data (worldXtool) represents the posture and the position of
the writing brush in the worm coordinate system.
Considering the gravity effects on the painting result, the
most desired direction of the brush is downward. Position
of the brush in the world coordinate system is not important.
Therefore, data (worldXtool) can be determined. Once data
(worldXtool) and (workXtool) are dctermined, -data

(worldXwork) is determined by the following relation.

(worldXwork ) = (worldXtool ) - (workXtool )™

In our robot system, data(workXtool) is determined by the
three~dimensional information of the china and the desired
relative posture between the china and the brush. Data
(worldXwork) is fixed at a convenicnt position and
downward posture. During the painting task, only the china

changes its position and its posture.

4 Projection of Desired Pattern onto the China Surface

Since the general surface of the china is three-
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dimensionally curved, painting task necds attentions so that
the appreciated image is not distorted. However, the pattern
appreciated diffcrs depending on the position of the
applicator and also the thrce~dimensional shape of the
china. Therefore, the movements of the brush nceds to be
determined considering the position to appreciate the china
and also tlic three~dimensional shape of the china. Skilled
painter paints on the china considering the distortion of the
image. Our robot system employed a function to measure
the threc—dimensional shape of the china. Furthcrmore, a
perspective transformation technique is employed in order
to give desired image to the applicator at prespecified
location.

In the followings, onc mcthod to determine the movement
of the brush is explained. Suppose onc dish is appreciated at
one viewing point as shown in Fig.3. And also suppose that
the painting pattern on the dish nceds to be appreciated as
though the pattern is painted on the image plane without
any distortion.

View&pg Point

Focus"
Length

Fig.3 Desired Pattern and Projccted Pattern

If we introduce coordinate system (u,v) on the image plane,
relation between onc point on the image plane and
corresponding point on the china is representcd by the
following perspective transformation formula.

u h, h, h; hy,
Mvl=lhy by hy hy,
1 hy hy, hy hy

—_ X < X

where parameters hy; denote geometrical relation between

the image plane and are determined readily if the position
and the posturc of applicator are settled.
Eliminating A in the above cquation, we obtain the

following simultaneous cquations.

D-p=b,

D_[hslu‘hll hyu-h, hssu"hn]
hyv-hy h,v~h, hyuv-h,
X
_ be h,-u
p=ly| » by -v |
z

Vector p to satisfy the above cquation can be represented
by

p=g+fe,

g=D(DD") b , f=d, xd,

where DT(DDT)-l is a pseudo jnversc of matrix D, vector
d; is i-th column vector of matrix D and € is an indefinite
scalar number. This equation means that the vector g
corresponds to the position vector of the viewing point in
Fig.3 and the vector f corresponds to the direction vector.
The above result is convenient to determine the desired
movement of the brush. Firstly, we determine how to move
the brush on the two-dimensional image planc.
Secondly, the movement on the image plane is projected
onto the curved surface of the china. Since the three—
dimensional surface data of the china are obtained in
advance, projected points on the china arc calculated as
points where the vector p intersects the surface of the china.

5 Experiments

In order to test the applicability of our robot system, we
had painting expcriments.

The target china was a dish whose diameter was 150mm.

First of all, the three-dimensional shape of the dish was
measured using the laser distance sensor. Distance data
are measured at 140 points in the x direction and at 200
points in the y direction with 2mm interval.

Desired pattern employed was 'KACC 94'. Based on the
technique mentioned in the chapter 4, projected trajectories
of the brush on the china was determined. After that two
robot manipulators start to paint on the china. While the
brush is almost fixed., the china changes its position and
posture as shown in Photo.1.

The painting on the china was satisfactory. From the
prespecificd viewing point the image is appreciated without
any distortion of the pattern.
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Photo.1 Robots Painting a Pattern

6 Conclusion

A robot system to realize painting task using a writing
brush is developed.

This robot system is composed of two robot manipulators,
one hold the writing brush and the other moves the china.
Movements of the china are determined by the three-
dimensional shape of the china.

Based on this determination, the robot system starts to
work. However, because of thc mechanical cfrors and
environmental changes, movements of the manipulator nced
to be corrected so that the brush has enough force for the
painting. One force torque toque sensor compensated the
movements of the brush and the workpiece. The resultant

painting was satisfactory.
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