DESCRIPTION MOVING PROGRAM MAKING-OUT PROGRAM AND DEVICE Technical Field [0001]
The present invention relates to a program and an apparatus for preparing a moving program for
controlling the operation of a working robot which-can-move a known working apparatus relative to a
workpiece and which can perform desired work on the workpiece. For example, the present invention
relates to a program and an apparatus with the function of preparing a moving program for controlling
the operation of an application apparatus which has a discharge port to discharge a liquid material and

which discharges the liquid material througlplgéﬁﬁ?azlrﬁhport such that the liquid material is applied
to the workpiece. It is to be noted that t ' # used in the present invention primarily

includes supply and application of the liquid material, screwing, soldering, assembly, mounting, etc.
Background Art
MOVING PROGRAM MAKING-OUT PROGRAM AND DEVICE

Technical Field
[0001] The present invention relates to a program and an apparatus for
preparing a moving program for controlling the operation of a working
robot which can move a known working apparatus relative to a workpiece
and which can perform desired work on the workpiece. For example,
the present invention relates to a program and an apparatus with the
function of preparing a moving program for controlling the operation of an
application apparatus which has a discharge port to discharge a liquid
material and which discharges the liquid material through the discharge
port such that the liquid material is applied to the workpiece.

It is to be noted that the term "work" used in the present invention
primarily includes supply and application of the liquid material, screwing,

soldering, assembly, mounting, etc.

Background Art

[0002] One example of a working robot which can move a known
working apparatus relative to a workpiece and which can perform desired
work on the workpiece is a desktop orthogonal working robot in
combination of an application apparatus and a means for moving the
workpiece in XYZ-directions. With that type of working robot, the work
is performed in accordance with a moving program that describes the
path of movement of the working apparatus relative to the workpiece, the

operation of the working apparatus, etc.



[0002] One example of a working robot which can move a known working apparatus relative to a
workpiece and which can perform desired work on the workpiece is a desktop orthogonal working
robot in combination of an application apparatus-argl a means for moving the workpiece in
XYZ-directions. With that type of working robot, the work is performed in accordance with a moving
program that describes the path of movement of the working apparatus relative to the workpiece, the
operation of the working apparatus, etc. - 2 - [0003] In order to efficiently perform the work with the

working ap , the maving prqogram requires to be optimized. ever, ywhether or not a moving
program mEﬁp@# ihelgh%rr%%fe%gsqsﬂg 'ﬁ.éﬁ’ugiﬁr %ﬂﬁrﬁ&?e\%?F&%Fa?ﬁ%;‘}%ﬁ@,@'etc.) is optimum
cannot be capiad unthihmBRRESPERRERT I8 AR SHRC ISR P st rsituation, various
simulation techniques have been proposed to be able to verify the prepared moving program with no
need of exeghiitet. (0004] RatentiDgqugrd digelnses dneapplcatiter dppsiatie capsiplg of
automatically preparing a moving program to efficiently move an application head, in which a substrate
(board) size& RAdRAABESINEY BNBliAHEIty VIO tks i) ASSPRbiation ¢l patheraaslismest in a minimum
time is performitg on the basis of a desl%nateéd ll|ock unit. [0005] Patent Dgcum nt 2 discloses an

iR i

application HBH %&8?’%@[@ ERoT) uiagC %%)I(ﬁl?éﬁ 'aro| QhYb%\efho " léﬁ IRation nozzle, the
application appaspiHs PaMBALSIMUALSR dexissi quLbish apmication vioss sisipWatag anto the board

displayed in the form of figures on a screen of a display device, the application work being based on
data that is tstarerifiy e stprageadericeandghatog refatedtto toerapmdicsttioreafutie gaating represented
by data of the application position, the amount of the applied coating on the board, etc., the data being
set in order[8P8ddlic&trig RtdpacyoneB| bAisk!Does e AP IapHABSANPRERUS & 2BRBIP02

of automatically preparing a moving program to efficiently move an
application head, in which a substrate (board) size is divided into a
plurality of blocks and a simulation of a path for movement in a minimum
time is performed on the basis of a designated block unit.

[0005] Patent Document 2 discloses an application apparatus for
applying a coating onto a printed board through an application nozzle,
the application apparatus having a simulation device in which application
work is simulated onto the board displayed in the form of figures on a
screen of a display device, the application work being based on data that
is stored in a storage device and that is related to the application of the
coating represented by data of the application position, the amount of the
applied coating on the board, etc., the data being set in order of
application steps,.

[0006] Patent Document 1: Japanese Patent No. 2835392

Patent Document 2: Japanese Patent No. 3397879

Disclosure of the Invention

Problems to be Solved by the Invention



Patent Document 2: Japanese Patent No. 3397879 Disclosure of the Invention Problems to be Solved
by the Invention - 3 - [0007] In programming work of a moving program input on the character basis
using characters, numerals, symbols, etc., propriety of the prepared moving program cannot be
verified until the prepared moving program is executed on an actual apparatus or by simulation.

[0007] In programming work of a moving program input on the
character basis using characters, numerals, symbols, etc., propriety of
the prepared moving program cannot be verified until the prepared
moving program is executed on an actual apparatus or by simulation.

In practice of the programming work on the character basis, a
diagram of the movement path of a working apparatus, etc. are prepared
and the programming work is executed on the basis of the prepared
diagram, etc. However, performing the work of preparing the diagram,
etc. and the programming work in a separate way is not desired from the
viewpoint of working efficiency. Thus, there is a demand for a working
environment in which work of drawing a movement path diagram, etc.
and the programming work can be performed in parallel.

[0008] On the other hand, the movement path diagram, etc. are usually
performed on a two-dimensional plane, but work with the working
apparatus is performed on a three-dimensional space. It is therefore
required to add height information to two-dimensional information. Thus,
there is a demand for a working environment in which the programming
work can be performed while adding the height information at the same
time.

In an actual working apparatus, a programming error in the height
information is most critical. For example, application work is performed
such that a discharge port and a workpiece positioned to face the
discharge port are moved relatively to each other and a liquid material is
drawn in a desired pattern on the workpiece. If the height information
has an error in such application work, a nozzle contacts with the
workpiece, whereby the nozzle and/or the workpiece may be damaged or

broken.



In practice of the programming work on the character basis, a diagram of the movement path of a
working apparatus, etc. are prepared and the programming work is executed on the basis of the
prepared diagram, etc. However, performing the-wark-of preparing the diagram, etc. and the
programming work in a separate way is not desired from the viewpoint of working efficiency. Thus,
there is a demand for a working environment in which work of drawing a movement path diagram, etc.
and the programming work can be performed in parallel. [0008] On the other hand, the movement path

diagram, etc. are ugually performed on a two-dimensional plang, but work with the working apparatus
o porforined on a (Ve URER AR LGl T el BIBARA PAcP ARG
wo-dimensignghieforatiagighbrdheTais R EaMBRARLANPUING FRYICHTAR! fagpesdhe
programming work can be pérformed while adding the height information at the same time. In an
actual workofgtlae pareguananpinog ramrking error in the height information is most critical. For example,
application work is performed such that a discharge port and a workpiece positioned to face the
discharge dS9@f3 mbvea st Riiyte S48 MhERvRALE MgiHd ArREeME] ¢ MAIKIAG desired pattern on
the workpiece. If the height in@rmatio% has an error in such a%%iipation work, a nozzle contacts with

d

the workpie%@}’%ﬂBFEB{?EH@ WEYSA MRS} BIOWSYKITLES WY HE id HAYERMPSHE" 15 - As
described a@%@uﬁé@fev\i/%&WQ%TH@%WHU@Wir;?&ﬂlje&]taié‘r‘é’mF%f@?é}%gmé”formaﬂon can be

visually confirmed in the progress of the programming work.
programming work can be performed in parallel and, in addition, height

information can be visually confirmed.

Means for Solving the Problems

[0010] The inventor has accomplished the present invention with the
view of enabling the programming work of the moving program to be
performed while the movement path including the height information is
visually confirmed.

[0011] More specifically, a first aspect of the present invention provides
a program for preparing a moving program of a working robot which
performs desired work by moving a holder holding a working apparatus
and a workpiece relatively to each other, the program comprising a step
of displaying a text entry screen on which movement information of the
working apparatus can be input on the character basis, a step of
displaying a figure entry screen on which movement information of the
working apparatus can be input as a path on a two-dimensional plane in
correlation with height information, a step of outputting in real time the
movement information of the working apparatus, which has been input on
the text entry screen, as the path on the two-dimensional plane and the
height information thereof on the figure entry screen, a step of outputting

in real time the movement information of the working apparatus, which



[0009] An object of the present invention is to provide a working environment in which, when
programming work of a moving program is executed, work of drawing a movement path diagram, etc.
and the programming work can be performed in pagallel and, in addition, height information can be
visually confirmed. Means for Solving the Problems [0010] The inventor has accomplished the present
invention with the view of enabling the programming work of the moving program to be performed
while the movement path including the height information is visually confirmed. [0011] More

e move : cight informatio nfimed. [0011] Mor
o 2 workind PSLE SRR L LGHER ABNSES g b RS DSING SCh R efratus and &

workpiece relafiuelydioinaga ofhere 18 PERGHM FRIMPTITNAIR SIEP oF Aispiavpgafikeryry screen on

which movement information of the working apparatus can be input on the character basis, a step of
displaying aHigunsestnestraedo onationhofmthve wenkintp apaiioatoithasvarksih apparatus can be input
as a path on a two-dimensional plane in correlation with height information, a step of outputting in real
time the matéRftiMRNEIANGH BPBREWBIKihE ddifafistienior R BBE NP dHQAO et entry
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- has been pytHREAIGLTE BRMY SEREN [0IhE LLX1EHHY _%‘Eff’cﬁﬂé’ﬁb‘éﬁ}/f BriafiRgSiRed Step of

displaying a 3D-display screen for outputting the movement information of the working apparatus, as a

path on a thrgaitimevsignal speae, o7 tie hasikipfgheppar@ment information of the working
apparatus which has been input on the text entry screen and/or the figure entry screen, and a step of
automatically genefs@i@y EHBAnLArSE6EAH hREPAGT BF the RirRIpGtdpyariies, the

program according to the first aspect of the present invention further
comprises a step of enabling the path on the three-dimensional space
and a path, which is resulted from projecting the former path onto a
two-dimensional plane, to be both simultaneously displayed on the
3D-display screen.

According to a third aspect of the present invention, the program
according to the first or second aspect of the present invention further
comprises a step of enabling the three-dimensional space displayed on
the 3D-display screen to be rotated.

According to a fourth aspect of the present invention, the program
according to the first, second or third aspect of the present invention
further comprises a step of outputting in real time the movement
information of the working apparatus, which has been input on the text
entry screen and/or the figure entry screen, as the path on the
three-dimensional space on the 3D-display screen.

According to a fifth aspect of the present invention, the program
according to any one of the first to fourth aspects of the present invention
further comprises a step of displaying, on the figure entry screen, the

height information of the working apparatus at two end points constituting



According to a second aspect of the present invention, the program according to the first aspect of the
present invention further comprises a step of enabling the path on the three-dimensional space and a
path, which is resulted from projecting the formerpath-onto a two-dimensional plane, to be both
simultaneously displayed on the 3D-display screen. According to a third aspect of the present
invention, the program according to the first or second aspect of the present invention further
comprises a step of enabling the three-dimensional space displayed on the 3D-display screen to be

rotated. According tq a fourth aspect of the present invention, the program accordjng to the first,
second or tR SEEELSH RE B L e Lot e B R g s SILIPcr ATl o el time the
movement quﬁi@m qhthe w@iwtﬁp@%rqggglé(vgggg_has been input on the text entry screen and/or
the figure enfry screen, as the path on the three-dimensional space on the 3D-display screen.
According to a fifth/Aaspertiioighe preseit ispatvof teprogsamtdoeendiientothaypeografthe first to

fourth aspects of the present invention further comprises a step of displaying, on the figure entry
screen, the HeS@HEiRG iR AREn BHRsRBALRY HYPRERES 2L LAY P EANRNGES a one

;)e(:gcted PalR P IRUBR TS IS HE K IO FRtaA AL A0S RS peIG D Jsage with the scale
changed by sliding the figure held in linkage with the scale axis.

According to a seventh aspect of the present invention, the
program according to any one of the first to sixth aspects of the present
invention further comprises a step of displaying desired image data as a
background on the figure entry screen, and enabling the movement
information of the working apparatus to be input on the displayed
background.

An eighth aspect of the present invention provides an apparatus
comprising a storage unit storing the program according to any one of
the first to seventh aspects of the present invention, a display unit, an
input unit, an information processing unit, and a data communication unit
for transferring a prepared moving program to a working robot.

Herein, the data communication unit may communicate data via

wired communication and/or wireless communication, or with the aid of a

storage medium such as a flash memory.

Effect of the Invention

[0012] The present invention can provide a working environment in
which, when the programming work of the moving program is executed,
the work of drawing the movement path diagram, etc. and the
programming work can be performed in parallel and, in addition, the

height information can be visually confirmed.



According to a sixth aspect of the present invention, the program according to the fifth aspect of the
present invention further comprises a step of enabling the height information of the working apparatus
to be changed by sliding the figure held in linkage with-the scale axis. According to a seventh
aspect of the present invention, the program according to any one of the first to sixth aspects of the
present invention further comprises a step of displaying desired image data as a background on the
figure entry screen, and enabling the movement information of the working apparatus to be input on
the displayed background. An eighth aspect of the present invention provides an apparatus
comprising a storage unit storing the program according to any one of the first to seventh aspects of

the presentéqy@mcqigﬁg}gﬁpm% wmmwit, an information processing unit, and a data

communication unit for transferring a prepared moving program to a working robot. Herein, the
data comm{@idBion Biyt mayusinares itaecdakst g tidred camzppl sdidoraa g nsinede ss
communication, or with the aid of a storage medium such as a flash memory. Effect of the Invention
[0012] The PiisEhtSRRARIES &M Prdtiaetolver kY B1/iP6ABE@MIn which, when the programming

the programming Welk et BRI B G, et MO EIgh R A can b
visually configmgshication robot, a dispenser, and a computer.

Fig. 3 illustrates a figure entry screen according to Embodiment 1.

Fig. 4 illustrates a text entry screen according to Embodiment 1.

Fig. 5 illustrates one view form (XYZ-space) on a 3D display
screen according to Embodiment 1.

Fig. 6 illustrates one view form (X-Z-plane) on the 3D display
screen according to Embodiment 1.

Fig. 7 illustrates one view form (XYZ-space) on the 3D display
screen according to Embodiment 1.

Fig. 8 illustrates a view form (X-Z-plane) on the 3D display screen
for a drawing pattern with no displacement in the Z-direction.

Fig. 9 illustrates a view form (XYZ-space) on the 3D display
screen for the drawing pattern with no displacement in the Z-direction.

Fig. 10 illustrates a screen dump example of the 3D-display
screen according to Embodiment 1.

Fig. 11 illustrates a screen dump example of a text screen
according to Embodiment 1.

Fig. 12 illustrates a tree representing the correlation between a
project list and channel data according to Embodiment 1.

Fig. 13 illustrates screen transition among a text entry screen, a
figure entry screen, a 3D display screen, and a project list screen

according to Embodiment 1.



- 7 - Brief Description of the Drawings [0013] Fig. 1 illustrates the construction of an application
apparatus which is operated with input of a moving program. Fig. 2 is a block diagram showing the
connecting relation among an application robot, a dispenser, and a computer. Fig 3 illustrates a figure
entry screen according to Embodiment 1. Fig 4 illustrates a text entry screen according to Embodiment
1. Fig 5 illustrates one view form (XYZ-space) on a 3D display
Fig. 14 illustrates a tree representing the correlation among the
project list, the channel data, and the displayed screens according to

Embodiment 1.

Description of Reference Characters
[0014] A legend of main reference characters used in the drawings is
as follows:

10 application robot / 11 moving head / 12 table / 13 syringe
holder / 14 elevating/lowering device / 15 syringe / 16 nozzle / 17
pressure supply tube / 18 discharge port / 19 workpiece / 20 dispenser
controller / 30 computer / 31 keyboard / 32 mouse / 33 monitor / 35
adapted CAD program / 40 control unit / 50 application apparatus / 51
cable A/ 52 cable B/ 71 text entry screen / 72 figure entry screen / 73
3D display screen / 74 project list screen / 76 drawing input plane / 80
movement line / 81 drawing start point / 82 end point A/ 83 end point B /
84 end point C / 85 drawing end point / 86 drawing line A/ 87 drawing
line B / 88 drawing line C / 89 drawing line D / 90 Z-axial bar / 100

moving program

Best Mode for Carrying out the Invention

[0015] The present invention in the best mode resides in a program for
preparing a moving program of a working robot which includes a holder
for holding a known working apparatus, an information processing unit,
and a storage unit, and which performs desired work by moving the
holder and a workpiece relatively to each other in accordance with the
moving program, the program comprising a step of displaying a text entry

screen on which movement information of the working apparatus can be



screen according to Embodiment 1. Fig. 6 illustrates one view form (X-Z-plane) on the 3D display
screen according to Embodiment 1. Fig. 7 illustrates one view form (XYZ-space) on the 3D display
screen according to Embodiment 1. Fig. 8 illustrates a-view form (X-Z-plane) on the 3D display screen

input on the character basis, a step of displaying a figure entry screen on
which movement information of the working apparatus can be input as a
path on a two-dimensional plane in correlation with height information, a
step of outputting in real time the movement information of the working
apparatus, which has been input on the text entry screen, as the path on
the two-dimensional plane and the height information thereof on the
figure entry screen, a step of outputting in real time the movement
information of the working apparatus, which has been input on the figure
entry screen, to the text entry screen on the character basis, a step of
displaying a 3D-display screen for outputting the movement information
of the working apparatus, as a path on a three-dimensional space, on the
basis of the movement information of the working apparatus which has
been input on the text entry screen and/or the figure entry screen, and a
step of automatically generating the input moving program for the
working apparatus. Preferably, the program includes a step of enabling
the path on the three-dimensional space and a path, which is resulted
from projecting the former path onto a two-dimensional plane, to be both
simultaneously displayed on the 3D-display screen. More preferably,
the program includes a step of enabling the three-dimensional space
displayed on the 3D-display screen to be rotated.
[0016] The movement information of the working apparatus in the
present invention means information regarding movements of the
working apparatus and contains, for example, coordinate data, the shape
of a movement path (e.g., linear, curved, or arc-shaped), and the moving
speed of the working apparatus, though not limited to them.

The working apparatus in which the moving program prepared by

using the program of the present invention is, for example, an application



for a drawing pattern with no displacement in the Z-direction. Fig. 9 illustrates a view form
(XYZ-space) on the 3D display screen for the drawing pattern with no displacement in the Z-direction.
Fig. 10 illustrates a screen dump example of the-3Dadisplay screen according to Embodiment 1.

Fig. 11 illustrates a screen dump example of a text screen according to Embodiment 1. Fig. 12
illustrates a tree representing the correlation between a project list and channel data according to
Embodiment 1.

apparatus for discharging or applying a liquid from a nozzle or the like.
However, the working apparatus practicing the present invention is not
limited to the application apparatus, and other examples include a
working apparatus for screwing, a working apparatus with such a means
as picking up a part and mounting it to a workpiece, or a working
apparatus which entails movements in directions closer to or away from a
workpiece for confirmation of the depth of a bore formed by a drilling
machine.

[0017] Details of the present invention will be described below in
connection with embodiments, but the present invention is in no way

restricted by the following embodiments.

Embodiment 1

[0018] A working apparatus on which a moving program 100 of
Embodiment 1 runs is an application apparatus 50 for drawing a desired
drawing pattern on a workpiece 19 while the workpiece 19 on an
application robot 10 and a nozzle 16 are moved relatively to each other
in accordance with the moving program 100.

As shown in Fig. 1, the application apparatus 50 is constituted by
the application robot 10 and a dispenser 20. A computer 30 is
connected to the application apparatus 50 through a cable A 51, and the
application robot 10 and a dispenser 20 are connected to each other
through a cable B 52.

Fig. 2 is a block diagram showing the relation in connecting
among the application robot 10, the dispenser 20, and the computer 30.
[0019] The application robot 10 has a moving head 11 that is movable

in the X-direction, and a table 12 that is movable in the Y-direction. The



Fig. 13 illustrates screen transition among a text entry screen, a figure entry screen, a 3D display
screen, and a project list screen according to Embodiment 1. - 8 - Fig. 14 illustrates a tree
representing the correlation among the project list, the-channel data, and the displayed screens
according to Embodiment 1. Description of Reference Characters [0014] A legend of main reference
characters used in the drawings is as follows:

table 12 can hold the workpiece 19 placed on an upper surface of the

table 12. Application work is performed by moving the moving head 11

and the table 12 relatively to each other.

The moving head 11 has a syringe holder 13 and an elevating/-
lowering device 14 capable of freely elevating and lowering the syringe
holder 13 in the Z-direction. A syringe 15 filled with a liquid material is
set onto the syringe holder 13. The syringe 15 has a tubular shape.

The nozzle 16 having a discharge port 18 is fitted to one end of the
syringe 15, and a pressure supply tube 17 is connected to the opposite
end of the syringe 15 such that the syringe 15 is communicated with the
dispenser 20 through the pressure supply tube 17.

The dispenser 20 can pressurize the liquid material in the syringe

15 through the pressure supply tube 17 to a desired pressure for a
desired time.
[0020] The application apparatus 50 performs an operation of applying
the liqguid material in accordance with the moving program 100 stored in
a storage unit within a control unit 40 (not shown in the drawings) which
is incorporated in the application robot 10. The moving program 100 is
transferred from the computer 30 to the control unit 40 through the cable
A51.

The control unit 40 incorporated in the application robot 10
controls not only the application robot 10, but also the dispenser 20.
Accordingly, the moving program 100 also contains commands for the
dispenser 20. The control unit 40 controls the amount of the liquid
material discharged, etc. by transmitting the commands to the dispenser

20 through the cable B 52.



10 application robot / 11 moving head / 12 table / 13 syringe holder / 14 elevating/lowering device / 15
syringe / 16 nozzle / 17 pressure supply tube / 18 discharge port / 19 workpiece / 20 dispenser
controller / 30 computer / 31 keyboard / 32 mouse 183 monitor / 35 adapted CAD program / 40 control
unit / 50 application apparatus / 51 cable A /52 cable B/ 71 text entry screen / 72 figure entry screen /
73 3D display screen / 74 project list screen / 76 drawing input plane / 80 movement line / 81 drawing
start point / 82 end point A / 83 end point B / 84 end point C / 85 drawing end point / 86 drawing line A
[ 87 drawingj / 88 drawing line 89 drawing line D / 90 Z-axial har / 100 moving program Best
Mode for CLI ok e URRUE 961317 HE (H2aBhE AR B e LR AP les i a
program forREeRRINg aAROYHEHREROESADh PolPNgsObRt Which inslede A PRGN faplding a
known working apparatus, an information processing unit, and a storage unit, and which performs
desired wornsrbparminththenlaloley pnogaravorkpecesraistiaiédtoneaain athestor ageoddance with the
moving program, the program comprising a step of displaying a text entry screen on which movement
information ®f the KM DB aratud @ beth® MABIRD P RS EHArASR MBAaSRS £ 8 displaying a
figure entry screen on which movement information of the workin an be input as a path on
a5 G Biky s
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movement {armaleRATNB ARTEINEhRARRIAIS MEEMNARREERINBULRN s dexbentry screen, as the

path on the two-dimensional plane and the height information thereof on the figure entry screen, a step
of outputtingmoeat dhehidadi uodemerdrinfodisatier gé theveor kingl apgiffaitssfrahich has been input on
the figure entry screen, to the text entry screen on the character basis, a step of displaying a
3D-display S&reerpicrRitiSakiAY @ EH@Bment information of the working apparatus, as a path on a

three-di ional , on the basis. of the mo. t jnf i f th Ki ] t hich
nas been input on AT Scrbb AP Hoth 8 AP LAEEN Pina O ey b Flbtomatically

generating L& RRut BONISIGkOF ORIAR 0K K6 BOKING GIPRATal B BIEe 50 ¥ oty orgim includes a

step of enabling the path on the three-dimensional space and a path,”which is reSulted from projecting

the former pathueige atwafdimentienplotansitgbenioth sirordigeamis)yadiiplalgdunritthe 3D-display
screen. More preferably, the program includes a step of enabling the three-dimensional space
displayed oARHeBDRNSHI 8N Beredh eodieptaxtedi[00ag]behe onsvdHiest agamaidarotthe working
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embodiment, it is needless to say that any other suitable input device,
such as a track ball or a pen tablet, is also usable.

The adapted CAD program 35 used in this embodiment has the
function of easily drawing a line, a point, a circle, etc. at a desired
position, and it can also serve as a universal CAD (Computer Aided
Design or Computer Assisted Drawing).

[0022] Programming work by a user is performed using a text entry
screen 71 and a figure entry screen 72. The user can describe the
moving program 100 by inputting, from the keyboard 31, a command, etc.
to the text entry screen 71 which is displayed on the monitor 33. Also,
the moving program 100 can be automatically generated with the user
drawing a figure on the figure entry screen 72, which is displayed on the

monitor 33, by using the mouse 32.



The working apparatus in which the moving program prepared by using the program of the present
invention is, for example, an application -10- apparatus for discharging or applying a liquid from a
nozzle or the like. However, the working apparatusipracticing the present invention is not limited to the
application apparatus, and other examples include a working apparatus for screwing, a working
apparatus with such a means as picking up a part and mounting it to a workpiece, or a working
apparatus which entails movements in directions closer to or away from a workpiece for confirmation

desoribet BIBG/Hh coRoLEBh G e R EhE, BT eRE LD TG AT LN 8 Bl estrcted by
the following,efiedMentiHFRPRYEEREd command is input in the form a text (on the
character basis) using characters, numerals, symbols, etc. The moving
program 100 is described by inputting commands, etc. shown, by way of
example, in Fig. 4.

The figure entry screen 72 is a screen for primarily inputting
movement information of the application robot 10 as a desired movement
path through a figure drawing step. By inputting a movement path
shown in Fig. 3, for example, the moving program 100 is automatically
prepared.

[0024] A plane displayed on the figure entry screen 72 corresponds to
an X-Y plane on which the application robot 10 is operated. A pattern is
drawn on the workpiece 19 with the progress of the application work in
the same figure as per drawn on the figure entry screen 72. In other
words, the liquid material discharged through the discharge port 18 of the
nozzle 16 is applied to the workpiece 19 to draw a pattern while the
moving head 11 is moved in the X-direction and the table 12 is moved in
the Y-direction in accordance with the drawing pattern defined by the
moving program 100.

[0025] Fig. 3 illustrates one example of the figure entry screen 72 and
represents an input example where a pattern "M" is drawn. In the
example of Fig. 3, the drawing is started from a drawing start point 81 at
a lower left end of the pattern "M" and is ended at a drawing end point 85
at a lower right end of the pattern "M". In Fig. 3, a movement line 80
indicated by a broken line on the left side represents a non-application
drawing line along which the application robot 10 is moved without

discharging the liquid material through the discharge port 18. A



[0018] A working apparatus on which a moving program 100 of Embodiment 1 runs is an application
apparatus 50 for drawing a desired drawing pattern on a workpiece 19 while the workpiece 19 on an
application robot 10 and a nozzle 16 are moved relatively to each other in accordance with the moving
program 100. As shown in Fig. 1, the application apparatus 50 is constituted by the application
robot 10 and a dispenser 20. A computer 30 is connected to the application apparatus 50 through a
cable A 51, and the application robot 10 and a dispenser 20 are connected to each other through a

701 the crope AR Sbs e B A D s O At A femct 12 that
is movable ghthgpteliigHOAn AR EaRI6 1 & LA Ry TPl i brilipegHeN- The

While the movement line 80 is displayed as a broken line to be
discerned as non-application drawing line in this embodiment, it may be
displayed as any other suitable type of line or displayed in a color
differing from that of the application drawing line for visual discrimination
between both the lines.

[0026] In the adapted CAD program 35 used in this embodiment, the
text entry screen 71 and the figure entry screen 72 operate in linkage
with each other in real time. More specifically, when a desired drawing
pattern is input in the form of a figure on the figure entry screen 72,
drawing commands are automatically displayed on the text entry screen
71 in a linked manner. Conversely, when commands for drawing a
desired drawing pattern is described on the text entry screen 71, the
desired drawing pattern is automatically drawn on the figure entry screen
72.

The text entry screen 71 and the figure entry screen 72 can be
simultaneously displayed on the monitor 33. Further, since movement
information of the working apparatus is output on each of both the entry
screens in real time, the movement information of the working apparatus
can also be input while the text entry screen 71 and the figure entry
screen 72 are changed over from one to the other as required.

[0027] While the case of drawing the pattern "M" in the form of a
character drawn by interconnecting linear lines has been described
above, for example, with reference to Fig. 3, it is needless to say that a
drawing pattern including curved lines can also be drawn for the

application work through similar procedures in accordance with a drawing



-11- table 12 can hold the workpiece 19 placed on an upper surface of the table 12. Application work is
performed by moving the moving head 11 and the table 12 relatively to each other. The moving
head 11 has a syringe holder 13 and an elevating!dewering device 14 capable of freely elevating and
lowering the syringe holder 13 in the Z-direction. A syringe 15 filled with a liquid material is set onto the
syringe holder 13. The syringe 15 has a tubular shape. The nozzle 16 having a discharge port 18 is
fitted to one end of the syringe 15, and a pressure supply tube 17 is connected to the opposite end of

the syringe 15 such that the yringﬁ 1(? IS comn'{unicated Wiz%thelgisEﬁenS(etr 20 through the pressure
supply tubepf"}.em PRHRAADH LSS 'Qé{ﬁep%%&ﬁr?z%rﬁ%‘n Id maenain lﬁl% syringe 15 through the

pressure sugply Jahe dift 1R HASHESH 1B eSE WS 'BhR dREarlRy [97F] EBR@PREtRIGASAPParatus 50

performs an operation of applying the liquid material in accordance with the moving program 100
stored in a soragsalthtenttranvingonsivligidiv ) (nutcsieosyeini fiiva dyawings) aviishits dreevporated in the
application robot 10. The moving program 100 is transferred from the computer 30 to the control unit
40 through tAE iEdBIé amthe figure entry screen 72, commands are automatically

generated such that the nozzle 16 is lowered at the position where dot is

drawn, and the nozzle 16 is elevated after the liquid material has been

applied to the workpiece 19.

[0028] In the figure entry screen 72, drawing work is performed on a

drawing input plane 76 which is a two-dimensional plane. The drawing

input plane 76 corresponds to the X-Y plane on which the application

robot 10 is operated. Stated another way, information in the Z-direction

cannot be defined only by the drawing work on the drawing input plane

76. In this embodiment, therefore, a Z-axis bar 90 is displayed at the

right end of the figure entry screen 72 so that a position in the Z-direction

is represented to be editable.

[0029] The function of the Z-axis bar 90 is described in connection with

the example of Fig. 3. The Z-axis bar 90 in Fig. 3 represents

information in the Z-axis (i.e., the height information) when a linear line

(double line) interconnecting the drawing start point 81 and the end point

A 82 is drawn. More specifically, a rectangular figure displayed in the

Z-axis bar 90, which has outline characters of "0O001E", represents the

Z-directional height of the nozzle 16 at the drawing start point 81, and a

rectangular figure displayed including outline characters of "O004E"

represents the Z-directional height of the nozzle 16 at the end point 82.

Herein, the figures including the outline characters of "O001E" and

"0004E" represent line numbers (step numbers) in the text entry screen

71, which command the respective Z-direction heights to facilitate the



The control unit 40 incorporated in the application robot 10 controls not only the application robot 10,
but also the dispenser 20. Accordingly, the moving program 100 also contains commands for the
dispenser 20. The control unit 40 controls the amouét-of the liquid material discharged, etc. by
transmitting the commands to the dispenser 20 through the cable B 52. - 12 - [0021] The computer 30
is a personal computer on which a universal OS runs. An adapted CAD program 35, i.e., an
application program for preparing the moving program 100, is installed in a main storage device of the

computer 30. Herein t%e moyving program 100 means control data or a control program for the
appication SHBIGACES GlbTER SBHNETIRe FRSCEMdk pat! 51 B MGURGhAL TEULRive to the table
12, the amqupf.piiihg iovidunaierishdisriiaigeds edoodrt ihAtfeBarE-aafRed application program.
The computer 30 is not limited to the lap top type shown in Fig. 1, and the computer 30 can also be
any other suitaplectype sodtmgnakdtiinciudatuas inf@tasdidrapatessingynieastardgdanit, a display
unit, and an input unit. The display unit may be constituted as an external unit, or it may be provided
by constitutff) Raschr6aES aia eukientaiii d@/Rindatkeyirsdpngular dienbesedp 1B sed as the
o SR G582 e R 2R §H1S% WD S PRl SRYI Ryl o & rack

of the selected drawing line at a glance depending on the position of

each rectangular figure with respect to the scale axis. In the view of Fig.

3, the operator can easily read that the Z-directional height commanded

by "0004E" is lower than the Z-directional height of commanded by

"0001E".

[0030] The height information provided by the Z-axis bar 90 can be

displayed in units of a selected drawing line. More specifically, a

drawing line selected on the figure entry screen 72 is displayed in the

form of a double line, and the Z-directional height of the selected drawing

line is displayed in the form of a figure in the Z-axis bar 90. While a

linear line of which Z-directional height is displayed in the Z-axis bar 90

is displayed in the form of a double line in this embodiment, the linear

line may be displayed in a different color or in the different type of line,

such as a dotted line or a broken line, for visual discrimination. The

selected drawing line may be a curved line. In such a case, the Z-

directional height at end points of the drawing line is displayed similarly

to the case of a linear line.

[0031] In this embodiment, the information of the Z-directional height

can be changed by dragging the line number, which is displayed in color

in the Z-axis bar 90, with the mouse 32. More specifically, when the line

number "0001E" is slid downwards, a value indicative of the Z-directional

height, which is defined in the line "O001E" on the text entry screen 71, is



The adapted CAD program 35 used in this embodiment has the function of easily drawing a line, a
point, a circle, etc. at a desired position, and it can also serve as a universal CAD (Computer Aided
Design or Computer Assisted Drawing). [0022] Programming work by a user is performed using a text
entry screen 71 and a figure entry screen 72. The user can describe the moving program 100 by
inputting, from the keyboard 31, a command, etc. to the text entry screen 71 which is displayed on the
monitor 33. Also, the moving program 100 can be automatically generated with the user drawing a

fi he fi 2, which is di d on.th itor 3 .using th 32. -13
o2 This Bty Scnitror R BB iR Sbr SO BE SR » desied

command ig{BRYE i [RERFelex R ey SRATPEIShBARIE) WEIG FGEAEERTS, ray g S Symbols, etc.

The moving program 100 is described by inputting commands, etc. shown, by way of example, in Fig.
4. The flopireneotptsofates é2 g afstiieendor lerib&idyi mpetisgdnovenkewisérmiagan of the
application robot 10 as a desired movement path through a figure drawing step. By inputting a
movement Haghl§HoWHTHOEY 80X isripie W%@ﬁ(@ﬁﬂ&ﬁﬂﬂ@@ﬁﬁ\(ﬁl@ﬁ‘aﬁcaﬂy prepared.

Z-directional height, which is defined in the line "O004E" on the text entry
screen 71, is increased (i.e., the amount of descent of the nozzle 16 is
reduced).
[0032] While the procedure for changing the Z-directional height on the
figure entry screen 72 has been described above, it is a matter of course
that the value indicative of the Z-directional height can be directly edited
on the text entry screen 71.
[0033] A background image can be displayed on the application
drawing input plane 76. Any desired image data can be displayed as
the background image. For example, Gerber data may be read in the
background image. When Gerber data is read, it is preferable, for the
purpose of facilitating the programming work, that character information,
such as dimensional data, and information regarding hatching and
filling-in, which are included in the Gerber data, are excluded from the
target of the reading.
[0034] With the adapted CAD program 35 used in this embodiment, a
drawing pattern prepared in the programming work can be
three-dimensionally displayed in various forms. The three-dimensional
display function of the adapted CAD program 35 will be described below
in connection with the example of Fig. 3.

The drawing pattern, shown in Fig. 3, is moved in the Z-direction
as follows. When the moving head 11 is moved from the drawing start

point 81 to the end point A 82, the nozzle 16 draws a drawing line A 86



[0024] A plane displayed on the figure entry screen 72 corresponds to an X-Y plane on which the
application robot 10 is operated. A pattern is drawn on the workpiece 19 with the progress of the
application work in the same figure as per drawn-onsthe figure entry screen 72. In other words, the
liquid material discharged through the discharge port 18 of the nozzle 16 is applied to the workpiece
19 to draw a pattern while the moving head 11 is moved in the X-direction and the table 12 is moved in
the Y-direction in accordance with the drawing pattern defined by the moving program 100. [0025] Fig.

3 illustrates one example .of the figure entry screen 72 and represents an input example where a
pattern M%tﬁmqﬁﬁgéﬁ%ﬁe@? Ir‘hayug? m&%&%ﬁ#&%fgtgfé’&‘?%% awg\ﬁmg]ﬁart point 81 at a
lower left end gfiths asigrin M’ i ienert M avingend £ 87 afyIpaRirisgend of the
pattern "M". In Fig. 3, a movement line 80 indicated by a broken line on the left side represents a
non-applicatien wvawiadl bheralwsgandiiakvthg dpelieasanwithotHid ép plmaibwithibtHelisgbadging the
liguid material through the discharge port 18. A - 14 - continuous line from the drawing start point 81 to
the drawing @k painyvés echsrdE@ite ey appBcativ@avie mey R dieadohlpigimovedwhile the
movement line 80, is displayed roken line to be discerned as non-application drawing line in this
embodiment A S AL Aoy SER CNABIE & 52 o P EIep i GHANS, Bolor cifering from
that of the applieatipn fkawing prranysysh AisarsNNstianbRjRe MaetHtelngs IRPRAKY. the
adapted CAD program 35 used in this embodiment, the text entry screen 71 and the figure'entry
screen 72 oratetindinkagimyitteadchioiben oveshlftione .t Mo kengppoifitallyswhertlaedesired drawing
pattern is input in the form of a figure on the figure entry screen 72, drawing commands are

automaticalfyf avsiayeachnehet t8R: éheyazrelenLol dhawmiced nmaitedi T v 8 eKtwieth commands

for drawing a desired drawing patterp is described.on the text entry screen 71, the desired drawing
pattern is aGRRISTLAN BlaAH JWG Tihel Gy Ui dbiTnaT 10wering!

Fig. 5 illustrates a view obtained by displaying, on a 3D display
screen 73, the drawing pattern shown in Fig. 3 in which the nozzle 16 is
moved in the Z-direction as described above.

[0035] In the 3D display screen 73, as shown in Fig. 5, a three-
dimensional drawing pattern projected onto a space (XYZ-space) having
information of the height direction (Z-direction) and a two-dimensional
drawing pattern projected onto a plane (XY-plane) not having information
of the height direction (Z-direction) (i.e., an X-Y plane projected figure)
are displayed at the same time. More specifically, the three-dimensional
drawing pattern having the information of the Z-direction is displayed as
a figure formed by a continuous line extending from an end point 81" up
to an end point 85" while passing points 82', 83' and 84' successively.
The two-dimensional drawing pattern not having the information of the
Z-direction is displayed as a figure formed by a continuous line extending
from an end point 81" up to an end point 85" while passing points 82",
83" and 84" successively. Note that numerals affixed with prime () and
double prime (") on the 3D display screen 73 correspond to those used in

Fig. 3.



The text entry screen 71 and the figure entry screen 72 can be simultaneously displayed on the
monitor 33. Further, since movement information of the working apparatus is output on each of both
the entry screens in real time, the movement infermation of the working apparatus can also be input
while the text entry screen 71 and the figure entry screen 72 are changed over from one to the other
as required. [0027] While the case of drawing the pattern "M" in the form of a character drawn by
interconnecting linear lines has been described above, for example, with reference to Fig. 3, it is

di hat a drawi inclydi I Isq,be drawn for the applicati
work through aimiah I QULHTEL R SABARER A e 166 WG edRia el ne noure
entry screeq iy il hafid S 1eMROdigisRal s AOAPIRRIS f?rdfﬁg[Sl%WkH}%QﬁaWSr%Sing continuous lines,

but also the drawing using dots. More specifically, when a dot is drawn for input on the figure entry

screen 72, dosphaaeds \aith athiierd edindily dieresr dtadiagehiffextethe culozke {6 isdeigeredahthe position
where dot is drawn, and the nozzle 16 is elevated after the liquid material has been applied to the
workpiece TOSRIODE) 3k eegigiiie EpsRestisePRRtelRRvind\WerR&iyeloriiedwRa drawing input plane

76 which i -di ipnal plane. The drawing i lape 76 d he, X-Y pl
hich the BTN TBbot 20/ baelt SNSRI aaeT e ot uirhion cannor

be defined gl eyl WO dhe H/AMNGNNAUAANG I Rg RIS RpRAISBhseTerore, o

Z-axis bar 90 is displayed at the right end of the figure entry screen 72 so that a position in the

Z-direction |inepeedented tmbe aditatlen[(029]etbefiunetiuadidise Znaixiathan Yeisvdescribed in
connection with the example of Fig. 3. The Z-axis bar 90 in Fig. 3 represents information in the Z-axis
(i.e., the heRiirifeenR@ttRNN&hen a linear line (double line) interconnecting the drawing start point 81

dth intA82isd . ificall rect lar. fi displayed in the Z-axis bar 90,
hich has JOMMEloh AGTE -BH eR GBIBLE s ol S STEN PO TPV A8 25 ot tne
drawing stagha9int 31810 AT ANAHERfigH s RRIRYSHIARNAIRE ARG RRAEGRL Of "0004E"

represents the Z-directional height of the nozzle™16 at the end point 82. Herein, the figures including
the outline chareisigrpafté0a0sEsamed0003pe ceicasiwiidineansetsns ksthphantisughimathe text entry

screen 71, which command the respective Z-direction heights to facilitate the
default value for displaying a meshed plane is given by Z = 0, the height
of the meshed plane can be freely changed. It is also possible to offset
the projected plane up and down.

While the plane in which the two-dimensional drawing pattern is
formed is assumed to be a flat, the two-dimensional drawing pattern may
be projected onto the workpiece displayed three- dimensionally. Such a
projection is effective in aiding the work for preparing the drawing pattern
because the operator can more easily confirm contact between the
nozzle 16 and the workpiece 19.

[0037] Displaying a mesh-like view is not limited to the X-Y plane and
can also be applied to an optionally selected two-dimensional plane.

Further, the two-dimensional drawing pattern and the mesh-like
view may be switched over between display and non-display.

Thus, the 3D display screen 73 enables the operator to visually

(on the view) confirm the operation of the nozzle 16 in the Z-direction,

which cannot be confirmed with the figure entry screen 72,



- 16 - editing work on the text entry screen 71. The positions of the figures including the outline
characters of "O001E" and "0004E" coincide with respective scale indicative values. Stated another
way, the Z-axis bar 90 has a scale axis on the left si@e and the rectangular figures on the right side in
order that an operator can recognize the Z-directional height of the selected drawing line at a glance
depending on the position of each rectangular figure with respect to the scale axis. In the view of Fig.
3, the operator can easily read that the Z-directional height commanded by "0004E" is lower than the

Z-direction ight of commanded by ."0001E". [0030] The height information provided by the Z-axis
bar 90 canét)be%g'lggla@%dﬂfﬂ %ﬁf’gpgﬁéﬁ]&%& c&’ré%ﬁ%ﬁi”ﬁolu’gge“gﬂegff&(ﬁw gjrkllg\?/ing line selected
on the figurg GRins REECER fitdisShkeriAYRy o tberorm of adorble inenaycsiie &rirectinaal height of
the selected drawing line is displayed in"the form of a figure in"the Z-axis bar 90. While a linear line of
which Z-dirgepang@idsttgin iséispiayaehin drebe adispgiay 80, iadispayed mahe paithm ohaadouble line in
this embodiment, the linear line may be displayed in a different color or in the different type of line,

such as a détteg1HEGNS ivdkbANREe VRIS SipRiatisR e é8ledtEirdradmiPirsSmay be a

d line. | he Z-directional heigh d poi f the drawing line.is displayed
Cimitary 10 06 CLOUHI THELPHRL S wP B0 SORY MO RSN DY LS dVBctona

neight can e ehanged by sasnL 8 iae purpaes siietipisalayerbingalosa e 2-axs bar %0,
with the mouse 32. More specifically, when the line number "0001E" is slid downwards, a value
indicative opththAtditeetjchal heightpositbisidedimadtio this ine o0 disgheytecktaantiyescreen 71, is

path on the three-dimensional space in real time as soon as the

information is input.

In addition, the text entry screen 71 and/or the figure entry screen

72 and the 3D display screen 73 can be preferably displayed on the

monitor 33 at the same time. The reason is that visibility is improved

and the entry work is facilitated.

[0039] The 3D display screen 73 is preferably set to be able to display

the drawing pattern (drawing path) from any desired viewing point with

operation of, e.g., the mouse 32. For example, rotating the displayed

two-dimensional and three-dimensional drawing patterns with the mouse

operation is disclosed herein. That function will be described below in

connection with a practical example.

[0040] Other view forms with the adapted CAD program 35 in this

embodiment are now described.

The following description is made on an example of drawing the

pattern of a character "M" with the application of the liquid material, in

which each of the line from the end point 81 to the end point 83 and the

line from the end point 84 to the end point 85 has a constant height,

while the line from the end point 83 to the end point 84 is changed in

height.



- 17 - reduced. Correspondingly, when the moving program 100 is executed, the distance between the
nozzle 16 and the workpiece 19 is reduced (i.e., the amount of descent of the nozzle 16 is increased).
Likewise, when the line number "0004E" is slid upwards, a value indicative of the Z-directional height,
which is defined in the line "0004E" on the text entry screen 71, is increased (i.e., the amount of
descent of the nozzle 16 is reduced). [0032] While the procedure for changing the Z-directional height
on the figure entry screen 72 has been described above, it is a matter of course that the value

indicative of the Z- 'rec%or@lssgei ht can be d%'rectly. edit@d r?? the_text ent,'%yscreen 71, [0033] A
background image cth Be'd fS@SH &Vfﬁgvap%mdﬁow e HS [ tgufllﬁgn ﬁ%ﬁydgsired image
data can be gjaRiay shasiiup IAGREAIA KL AUR e RAPIRCCRIBGRANAIRY BalERd 18 (e
background image. When Gerber data is read, it is preferable, for the purpose of facilitating the
programming oyodtethaintbavtaetr- ihfolsnation Tieckiasvdioren sib iFad ddta rexdsl ésfohmation regarding
hatching and filling-in, which are included in the Gerber data, are excluded from the target of the

reading. 00T WA {ife\4BHBIBH CORDIAIJGRIM 8BRIBEN TS OBt diHFpattern
tvee-cimeriNar AETTay ATRTSIESY 108 A48 L CAS G SB i BAHb L Rnect below i
con-nect_ion Wgh(%ﬁ%ééq@%gff@or?’_\-/ex-cgﬁﬁévé‘%iﬂﬂ‘&’@ét.em’ shown in_ Fig. 3, is n_10ved in the
Z-direction as follows. When the moving head 11 is moved from the drawing start point 81 to the end
point A 82, the nozAlks 3.6 Figwa il dlsanaitegs e idB&orm in which the same drawing

pattern as that in Fig. 6 is three-dimensionally displayed. In Fig. 7, the

three-dimensional drawing pattern and the two-dimensional drawing

pattern are simultaneously displayed as in Fig. 5. As compared with Fig.

5, however, a three-dimensional space is rotated toward the front, i.e.,

the observer side, in the view form of Fig. 7.

[0041] Next, a description is made on an example of drawing the

pattern of a character "M" with the application of the liquid material, in

which the nozzle 16 is not moved in the height direction along the line

from the end point 81 to the end point 85.

When the nozzle 16 is not moved or slightly moved in the height

direction, an X-Y plane projected image is displayed as shown in Fig. 8.

In a similar view form to that of Fig. 5, the two-dimensional drawing

pattern and the three-dimensional drawing pattern are overlapped with

each other and the drawing patterns cannot be stereoscopically

confirmed. In such a case, by displaying the drawing patterns in the

view form in which a three-dimensional space is rotated toward the front,

i.e., in the view form of Fig. 9, similarly to Fig. 7, it is possible to

stereoscopically confirm the two-dimensional drawing pattern and the

three-dimensional drawing pattern. On that occasion, when the two-

dimensional drawing pattern is displayed with Z = 0O, the interval between



- 18 - with the application of the liquid material while elevating. When the moving head 11 is moved
from the end point A 82 to an end point B 83, the nozzle 16 draws a drawing line B 87 with the
application of the liquid material while further elevating. When the moving head 11 is moved from the
end point B 83 to an end point C 84, the nozzle 16 draws a drawing line C 88 with the application of
the liquid material while lowering. When the moving head 11 is moved from the end point C 84 to the
drawing end point 85, the nozzle 16 draws a drawing line D 89 with the application of the liquid

material whjle further lowering. Fig. 5 illustrates a yiew qgbtained. by displaying, on.a 3D display
ccreen 75, 18 Qo P Sh SR P o e e P e IO IR Ghrection as
described q@g&@r[ppggﬂégéh%sméjingﬁye%q@ﬁaﬁﬁe ghown in Fig. 5, a three-dimensional drawing
pattern projected onto a space (XYZ-space) having information of the height direction (Z-direction) and
a two-dimeip@®@+2] draiging étiestr prefatad mda a papec@ampbney ok rEbHatispfagmation of the
height direction (Z-direction) (i.e., an X-Y plane projected figure) are displayed at the same time. More
specifically S¢ie gteE3dnthEreisdariedvind B HOGrBAVIRG tRetiHfoaHiGHAIBTRAE Z-direction is

displayed fi f ' li ding f d point 81! d poi
a5 whie pasaing PINLS) B3 QA Pk KR T RE L G UORA IPR AT AR ot having
the informayigof he, Z1fisesionis sisplanshas g SImes pHR SaALALRIG ©xending from

an end point 81" up to an end point 85" while passing points 82", 83" and 84" successively. Note that
numerals apadevithguooed@draved wiehtleepriroei(iy @rioeah dEPlpyssieed 68 chyasmond to those

used in Fig. 3. - 19 -
entry screen 71 or the figure entry screen 72. Numeral 62 denotes a
projected line (two-dimensional drawing pattern) resulting from projecting
the movement path, denoted by the numeral 61, onto a two- dimensional
plane. Numeral 63 denotes a grid (or a mesh). The height and the
element size of the grid can be changed depending on setting values.
Numeral 64 denotes a movement effective range of the nozzle 16, which
is defined by environmental setting. Numeral 65 denotes the origin of
the nozzle 16. Numeral 66 is a compass indicating the direction of the
three-dimensional space which is currently displayed. Numeral 67
denotes a tool bar which contains, for example, an icon for changing the
viewing point to display the 3D-display screen 73, and an icon for calling
a debug tool. Numeral 68 is an icon for calling the 3D-display screen 73.
The 3D-display screen 73 can be called by selecting one item in a
channel list displayed in a frame on the left side of the screen and
pressing the icon.
[0043] The design concept of the moving program 100 will be described
below.

In general application apparatuses including the application

apparatus 50 in this embodiment, application work is performed by

moving the moving head (application head) and the table holding the



The two-dimensional drawing pattern and the three-dimensional drawing pattern to be displayed on
the 3D display screen 73 are displayed with the drawing lines having different colors for easier visual
discrimination of the respective patterns. Alternativesy,;-the two-dimensional drawing pattern and the
three-dimensional drawing pattern may be displayed in different types of lines by using two among a
double line, a dotted line, a broken line, etc. for visual discrimination between both the patterns. [0036]
Further, in this embodiment, visibility is improved by displaying a plane in the form of a mesh (or a
grid) in which the two-djmensional drawi attern is formed ecifications are set such that although

a default valliz I((ajl‘r:s(':‘pl ﬁsoanrﬁggﬁ[é\ﬁe a e?@&ﬂ/é’#b%f'z =0, fib e‘%dﬂ?&{f?ﬁe%%%hae@ plane can be
freely changegh b sésporRiiag!S (e P IRa RIS NaprpR Y HoWbtfectiMig the plane in

which the two-dimensional drawing pattern is formed is assumed to be a flat, the two-dimensional
drawing paitéassifgythe prgeatéchoofaizeappiipaendigniayedutras-fdlbensigadlly. Such a
projection is effective in aiding the work for preparing the drawing pattern because the operator can
more easily3RRA¢ BoPRASBHSIN EEHMHE 8 s¥2ain O HEtRE Rl RBIRRd 2DOde3HDisplaying a

h-like vi limited to the X-Y pl d can also be applied ionally selected
tworcimon<REATRRE 16 5 21 ol A0 AHB ST LRSI 410 B mesh i view may

be switche%\@bp@é\é{ﬁe@gigﬁ@yﬁ%rpfnéq;'ﬁ%y ‘the | ‘dﬁ’dtﬁ?a?@ri%if?lﬂ‘?ﬁbsﬁf&e” 7_3 enab_les the

operator to visually (on the view) confirm the operation of the nozzle 16 in the Z-direction, which

cannot be ogofikpiet wjthribe Oy ureterdinnscgser@8on from the workpiece to the origin
of the application robot. Herein, it is important that the operations (A)
and (C) are defined on the basis of "absolute coordinates" and the
operation (B) is defined on the basis of "relative coordinates".
[0044] For example, the programming work on the figure entry screen
72 using Gerber data corresponds to programming for the operation
classified to (B), and therefore the moving program 100 is prepared on
the basis of relative coordinates. In other words, by preparing the
moving program 100 on the basis of relative coordinates for a workpiece
image displayed on the background, the programming work can be
performed with no need of considering the positional relation of the
workpiece 19 relative to the origin of the application robot 10. The
thus-prepared moving program 100 of the group (B) is coupled with the
moving programs 100 of the groups (A) and (C) on the basis of the
application start point indicated by absolute coordinates. Stated another
way, in the moving program 100 of the group (B), only the application
start point is indicated by absolute coordinates, and subsequent work is
indicated by relative coordinates. Such a process is described below in
connection with a practical example.
[0045] Fig. 11 illustrates a screen dump example of the text entry

screen 71 in accordance with the adapted CAD program 35 in this



- 20 - [0038] In work of inputting the position information of the working apparatus on the text entry
screen 71 or the figure entry screen 72, the input position information can be displayed, as a
movement path on a three-dimensional space, on thie-3D display screen 73 of the monitor 33.
Accordingly, the operator can perform the entry work while confirming the input position information as
the path on the three-dimensional space. At that time, the input position information is preferably
displayed as the path on the three dimensional space in real time as soon as the information is input.

ddi h d/or the fi d the 3 3
cam be prerEHB0 MRy oa B 4 o LA ) A s QI G, ThE BT (b iy o

improved angd dRestniy wrskiisdgsibigiarh PO8U BN dRaslisnlay Relsrit L1345 gr@,ﬁgl%tgyaset to be able

to display the drawing pattern (drawing path) from any desired viewing point with operation of, e.g., the
mouse 32. Eorexamgleptatatingthhiispayadismdgifmensienal arehtleres,dine pppligbdieming
patterns with the mouse operation is disclosed herein. That function will be described below in
connection Qfh argrieaek eMwm%r.qbéacq AR VeV AP EPIWEARHE yiste ¢ eXedfogram 35 in this

embodlment are I’]OYV described
numerals representlng the movements, the application, etc. are input.

Numeral 44 denotes a column of a program list which is constituted by
the STEP column 41, the command column 42, and the data column 43.
Numeral 45 denotes an icon for calling the text entry screen 71, and
numeral 46 denotes an undo/redo icon.

[0046] The moving program 100 shown in Fig. 11 is made up of nine
Steps as follows:

First, in STEP1, the moving head 11 is moved from the origin of
the application robot 10 to the application start point (X, Y) = (50, 50) in
accordance with a "movement" command.

Then, in STEP2, a sub-channel 100 CH is called. The sub-
channel 100 CH means a subroutine-like program and describes a series
of operations for lowering the moving head 11 to such an extent that the
clearance between the workpiece 19 and the moving head 11 becomes a
desired distance.

[0047] STEPS3 provides a discharge start signal. A first flag is set to
turn ON a first port in accordance with an "OUT" command. Herein, the
first port serves as a discharge signal port for the dispenser controller 20.
When the first port is turned ON, a solenoid valve is opened and a
pressure is supplied to the syringe 15, thus starting the discharge of
liquid material.

[0048] In STEP4, the moving head 11 positioned at (X, Y) = (50, 50) is

moved toward (X, Y) = (20,0) at a speed V = 0 in accordance with a "line"



The following description is made on an example of drawing the pattern of a character "M" with the
application of the liquid material, in which each of the line from the end point 81 to the end point 83
and the line from the end point 84 to the end point 85-has a constant height, while the line from the
end point 83 to the end point 84 is changed in height. - 21 - Fig. 6 illustrates a view form in which
the 3D display screen is rotated and displayed in such a manner that the above drawing pattern is
projected onto the X-Z plane. The view form of Fig. 6 enables the operator to visually confirm the

W 1 N A R R
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compared witlit&igf Hdihwheer pantimaeddinrestsicrtal gpaeerronditageddaddt tbenfong, i.e., the
observer side, in the view form of Fig. 7.
More specifically, the "movement” command instructs the so-called PTP
(Point to Point) movement in which importance is focused on the
movement from the current position to the designated position
(coordinates) and a path of the movement is determined and decided by
a controller (i.e., the control unit 40). On the other hand, the "line"
command provides a movement path given by a "line" up to the
designated position. Additionally, "ABS" in STEP1 means absolute
coordinates, and "INC" in STEPs4-7 means relative coordinates. Each
of the "movement” command and the "line" command has to designate
either "ABS" or "INC".
Further, "speed V = 0" does not mean that the moving head 11 is
not moved, but it means that "speed No. 0" previously set in another
dialog is applied. For example, when 250 mm/s is set to V = 0, the
moving head 11 is moved at 250 mm/s.
[0049] In STEP5-7, "line" commands are defined similarly to STEP4.
Since the discharge of the liquid material is started in STEP3, the liquid
material is continuously discharged in STEP3 to STEP7, whereby a
desired drawing pattern is formed on the workpiece 19.
STEP 8 provides a discharge end signal. The first flag is cleared
to turn OFF the first port in accordance with an "OUT" command. When
the first port is turned OFF, the solenoid valve is closed and the supply of

the pressure to the syringe 15 is stopped, whereby the discharge of the

liquid material is brought to an end.



[0041] Next, a description is made on an example of drawing the pattern of a character "M" with the
application of the liquid material, in which the nozzle 16 is not moved in the height direction along the
line from the end point 81 to the end point 85. — 3hen the nozzle 16 is not moved or slightly moved
in the height direction, an X-Y plane projected image is displayed as shown in Fig. 8. In a similar view
form to that of Fig. 5, the two-dimensional drawing pattern and the three-dimensional drawing pattern
are overlapped with each other and the drawing patterns cannot be stereoscopically confirmed. In

¢ th each other and pattems cannot be stereascopically confirmed. In -
rotated tonlICRRL OO i IR B g o B g, 1% R pocey
stereoscopigghyepniEBAR® Ay imRBSIRa) sEruiiamn BABE1EI 8PAHRG teGHYMNABSIRNG drawing

pattern. On that occasion, when the two-dimensional drawing pattern'is displayed with Z = 0, the

interval betweemd2? e viveghitaralithensitgial gresition pattarstand biyepibségodimanaiexial drawing pattern
represents the Z-directional height. [0042] Fig. 10 illustrates a screen dump example of the 3D-display
screen 73 ARG AP OAD MR RPEIRES Inf HideAHBdHESHINY, elfumeral 61 denotes a movement

path (three-dj ional drawin rn) of the nozzle 16, which is displayed in a three-dimensional
Cpace i acbice W AAE RGO EHaH 200 EFe i G e AR ey CERRF T Br the fgure
entry screeg, 22 g ?FJr AERCIEH DR PIREIr A8 SR RS DSIRA GiBWHg P&l ) resulting from
projecting the movement path, denoted by the numeral 61, onto a two- dimensional plane. Numeral 63
denotes a grish(e st @s ) e Tieeltieioht ceshitee e lereinigsizeogf e gt dsralp kbabgedodepending on

setting values. Numeral 64 denotes a movement effective range of the nozzle 16, which is defined by
environmerA@IREBHE MNUPRE 185 @12 MABE e dFigSos theCHO LS 16| Mifer&-66 ifld édmpass

indicating the direction of the three-dimensional space which is currently. displayed. Numeral 67
denotes & tBOFLSANRIA BBRALS 3] EaMHiTey i RS TR AR A L WREK ottt clisplay the
3D-display gergerh /3. Ad 38 EPBJRIERNIRth an application head is freely moved on a

stationary work table in the directions of length and width, (2) an

application apparatus of a structure performing application work such

that an application head is fixed to a beam extending between two posts

and an X-Y table is freely moved under the beam in the directions of

length and width, and (3) an application apparatus of such a structure, as

in this embodiment, that an application head movable in the X-direction

iIs mounted to a gantry frame disposed in a gate-like shape and a work

table movable in the Y-direction is disposed under the gantry frame.

Stated another way, according to the adapted CAD program 35 of this

embodiment, in any type of application apparatus so long as it operates

by moving the application head and the workpiece relatively to each

other, the moving program 100 can be prepared as a universal program

on the basis of relative coordinates with no need of considering, for

example, the structures of operation target components such as the

application head and the table.

[0052] Management of the moving program 100 with the adapted CAD

program 35 of this embodiment will be described below. With the



a debug tool. Numeral 68 is an icon for calling the 3D-display screen 73. The 3D-display screen 73
can be called by selecting one item in a channel list displayed in a frame on the left side of the screen
and pressing the icon. [0043] The design concept affithe moving program 100 will be described below.
In general application apparatuses including the application apparatus 50 in this embodiment,
application work is performed by moving the moving head (application head) and the table holding the
- 23 - workpiece thereon relatively to each other. When the moving program 100 for performing such

application work js pr ed, it is effective tg classify the operation of the application ratus as
Followe: () SRRUEH O B SH 5t Srt BF e LSHEAl Bt DL AR AR ., operation
up to the apgcAYQRd PRIGHAR BE HerkRiSce) HB) ORSMPRN %fnae_ogl{yquéh@,{mmaterial onto the
workpiece, and (C) refreating operation from the workpiece to the origin of the application robot.
Herein, it isnonmpdréaristhatioe egeaembonmb (A amd (G)are Hediadd odrdweibgsts efgatisotute
coordinates" and the operation (B) is defined on the basis of "relative coordinates".

"M", and another unique channel number is assigned to a moving

program 100b for drawing a pattern "N". By inputting the channel

number, the desired moving program 100 can be called. Further, an

execution time can be calculated in units of channel.

Channel data is stored in a main storage device or an auxiliary

storage device (such as a hard disk or a flash memory) of the computer

30. However, the computer 30 may be set so as to store the channel

data directly on a recording medium, e.g., FD, DVD or MO. Of course,

the stored moving program 100 may be called and edited with the

adapted CAD program 35.

[0053] In work performed on the figure entry screen 72, the channel

number of the moving program 100 is displayed in relation to a figure

drawn on the drawing entry screen 76. For example, characters "C101"

displayed near the drawing start point 81 in Fig. 3 indicate that a "101"

channel is called at the drawing start point 81. When the "101" channel

is called, the moving program 100 corresponding to the "101" channel is

executed.

Characters "C102" displayed near the drawing end point 85

indicate that the moving program 100 corresponding to a "102" channel

is called at the drawing end point 85. By correlating a plurality of

channels with the individual moving programs in such a manner, drawing

with the application of the liquid material can be performed in

combination of predetermined drawing patterns.



[0044] For example, the programming work on the figure entry screen 72 using Gerber data
corresponds to programming for the operation classified to (B), and therefore the moving program 100
is prepared on the basis of relative coordinates. th Zgher words, by preparing the moving program 100
on the basis of relative coordinates for a workpiece image displayed on the background, the
programming work can be performed with no need of considering the positional relation of the
workpiece 19 relative to the origin of the application robot 10. The thus-prepared moving program 100

of the grou IS cqupled with the. moving programs 100 of the groups (A) and on the basis of the
application Lot o R N e RN 2 S, SR04, 35 RHBEIRg program
100 of the qrawR{BhiriBsaRRIIGRINhAA R Se dNgioaigH Reghedlble spardipates, and
subsequent work is indicated by relative coordinates. Such aprocess is described below in connection
with a practmahexginglea 10451t e rdjidhestates adog eatiens exumpempihedrkt entry screen 71
in accordance with the adapted CAD program 35 in this - 24 - embodiment. In Fig. 11, numeral 41

denotes a STEP colltM@ i@ WHIBhARIEErost§a BRIk PiRigias 1ot dheirdieaeel NeMBIaI 42 denotes
a comman co!umn in which czri;ma ds For the movements, t app#;)atio% etc. are input. Numeral 43
8¢ olE

denotes a d&td ced?ﬁ%r?ﬁ{‘%\ﬁﬁc e Ifitherals rr\éﬁl%rsee%i the ER@, the application, etc.
are input. Numprabirh AEIAIeS RIFQHHEN @4 PIRAIER USINDICE is GRa BRI (ot fy EP column 41,

the command column 42, and the data column 43. Numeral 45 denotes an icon for calling the text
entry screegcfeeny] oemer@lcthtienedsoantiedoihegosioay. §80d46hThe moving program 100 shown

in Fig. 11 is made up of nine Steps as follows:

[0055] For the drawing pattern shown in Fig. 3, a "1" channel (not
shown) is also executed in addition to the "101" channel and the "102"
channel which are shown. The "1" channel is a main program, and the
"101" channel and the "102" channel are subprograms corresponding to
the "1" channel. One set of application work completed by those three
channels is managed as a project. Prepared projects are stored in the
main storage device of the computer 30.
[0056] A plurality of projects are managed, as shown in Fig. 12, in the
form of a project list. Each of "1 CH (channel)", "2 CH", and "3 CH"
represents a main program. Channels shown as being dangled from
each main program represent sub-channels which function as
subprograms corresponding to each main program. Itis seen from Fig.
12 that "101 CH" and "102 CH" are subprograms used in both "1 CH" and
"2 CH". The project list can be confirmed on a project list screen 74.
[0057] Fig. 13 illustrates screen transition among the text entry screen
71, the figure entry screen 72, the 3D-display screen 73, and the project
list screen 74 in this embodiment.

Further, the text entry screen 71, the figure entry screen 72, and

the 3D-display screen 73 can be correlated with corresponding main

channels, as shown in Fig. 14. While only the main channels are shown



First, in STEP1, the moving head 11 is moved from the origin of the application robot 10 to the
application start point (X, Y) = (50, 50) in accordance with a "movement” command. Then, in
STEP2, a sub-channel 100 CH is called. The sub-&9annel 100 CH means a subroutine-like program
and describes a series of operations for lowering the moving head 11 to such an extent that the
clearance between the workpiece 19 and the moving head 11 becomes a desired distance. [0047]
STEPS3 provides a discharge start signal. A first flag is set to turn ON a first port in accordance with an

20. When 8 F16t ok £ GHEBA 5 CoNo S L SR BDage  Hhe bunt o B e to the
syringe 15, s SEtinenthe diselanaeses Jisgic snateniale 09481 A 2de e tBE imaxiNGRA 11
positioned at (X, Y) = (50, 50) is moved toward (X, Y) = (20,0) at a speed V = 0 in accordance with a
"line" corresponding sub-channels in a similar manner.

[0058] The project stored in the main storage device of the computer 30

is transmitted to the application robot 10 of the application apparatus 50.

The project stored in the application robot 10 is executed upon receiving

an instruction to start work from a control panel 99 of the application

robot 10 through the cable A 51, or upon receiving a start-of-work signal

from the computer 30.

[0059] The application robot 10 can also execute the application work

in units of channel. In such a case, the moving program 100 transmitted

in units of channel is stored in a main storage device of the application

robot 10.

[0060] The adapted CAD program 35 of this embodiment can be data-

linked with a commercially available application program, such as EXCEL

(registered trade mark). In other words, the moving program 100 can be

automatically generated on the basis of coordinate values by reading

data, such as CSV, including the coordinate values.

Industrial Applicability

[0061] The present invention can be applied to not only an orthogonal
desk-top working robot in combination of respective moving means in the
XYZ- directions, but also to any type of working robot in which a
workpiece and a working means are moved relatively to each other. For
example, the working robot may be of the type the robot is movable only
in one dimension, e.g., in the X-direction, or may be, e.g., a scalar robot

which is moved along curves.



- 25 - command. Herein, the "movement" command in STEP1 and the "line" command in STEP4 differ
in the operation of the application robot 10 in spite of both the commands instructing the moving head
11 to move. More specifically, the "movement” cemsmand instructs the so-called PTP (Point to Point)
movement in which importance is focused on the movement from the current position to the
designated position (coordinates) and a path of the movement is determined and decided by a
controller (i.e., the control unit 40). On the other hand, the "line" command provides a movement path

' by a "line" h d d I I
Coordinates, and "ING® HARLE PHRSERL IVARL Topraise el on sPHS B IS Bormman

and the "ling GRREDARLNRS 1RiA§ Peli8sh dMiee Pto! N holder BHENETe WRARPI¥ e Gndoes not

mean that the moving head 11 |s not moved, but it means that "speed No. 0" previously set in another
dialog is apalméuﬁdyamgm,zwbm 30 nen/sostiset thd e rine meatng dsibd ddt e mioeed at 250
mm/s. [0049] In STEPS5-7, "line" commands are defined similarly to STEP4. Since the discharge of the
liquid mateNeN S RertEE idistreps, ithaMgURP HRkeriallid E@ﬁtiﬁui/ﬁrs@@img% iinventPs to STEP7,
Wherebyade?é dra |n ﬁJattern iS. formed n the wo glece 19. TE}\!D aEmow es a discharge
end S|gnal 'GHeY (AR LRErR I{l],l e(h%ﬁﬁg?{c? EBSJHéHc HhEYSUT" command.
When the flgvc,(t_,,ngﬂdsp;gmgdg%ﬁlm@_solenmd valve is closed and the supply of the pressure to the
syringe 15 is stopped, whereby the discharge of the liquid material is brought to an end.



- 26 - [0050] In STEP9, a sub-channel 101 CH is called. The sub-channel 101 CH describes a series
of operations for elevating the moving head 11 and moving it to the origin position or a standby
position for next application work, an operation for ngrzle cleaning, etc. [0051] The adapted CAD
program 35 of this embodiment for preparing the moving program 100 on the basis of the
above-described design concept can be used to prepare a moving program that is applicable to
application apparatuses having various structures, including, e.g., (1) an application apparatus of a
structure performing application work such that an X-Y robot provided with an application head is
freely moved on a stationary work table in the directions of length and width, (2) an application
apparatus of a structure performing application work gugh that an application head is fixed to a beam
extending between two posts and an X-Y table is freely moved under the beam in the directions of
length and width, and (3) an application apparatus of such a structure, as in this embodiment, that an
application head movable in the X-direction is mounted to a gantry frame disposed in a gate-like shape
and a wokk table®nt@raBletT tRECYIAIRR 6P I€ BRPBed THIER the QLR TR WOEtEWIREr way,

(ong a5 ItoporatbL By HSIES T CRaNEA S HB L AMENHEREIGEL PHI e aEi B, e~
moving programaL{¢an, Be IS RA(RSY Rp B RINEISAL BIP I RLER @&Eﬁs'tﬁ@fﬁ%@ﬂ‘é‘?ﬁcoordi”ates with
no need of considering, for example, the structures of operation target components such as the
application headcamaddtigitegple. [0052] Management of the moving program 100 with the adapted CAD
program 35 of this embodiment will be described below. With the
- displaying a text entry screen on which movement information of
the working apparatus can be input on the character basis;
- displaying a figure entry screen on which movement information
of the working apparatus can be input as a path on a
two-dimensional plane in correlation with height information;
- outputting in real time the movement information of the working
apparatus, which has been input on the text entry screen, as the
path on the two-dimensional plane and the height information
thereof on the figure entry screen;
- outputting in real time the movement information of the working
apparatus, which has been input on the figure entry screen, to
the text entry screen on the character basis;
- displaying a 3D-display screen for outputting the movement
information of the working apparatus, as a path on a
three-dimensional space, on the basis of the movement
information of the working apparatus which has been input on the
text entry screen and/or the figure entry screen; and

- automatically generating the input moving program for the

working apparatus.



- 27 - adapted CAD program 35, a plurality of prepared moving programs 100 are managed in units of
channel. For example, one unique channel number is assigned to a moving program 100a for drawing
the pattern "M", and another unique channel numbegis assigned to a moving program 100b for
drawing a pattern "N". By inputting the channel number, the desired moving program 100 can be
called. Further, an execution time can be calculated in units of channel. Channel data is stored in
a main storage device or an auxiliary storage device (such as a hard disk or a flash memory) of the
computer, 30. H ver, the computer 30 may be set to st%’rﬁg?ﬁdchannel data directly on a

recording mediuh1® SO PEHSUBBEIHE! B EBLHIL 1% EIAIT Tt he SHTR RB%nay be called
and edited with @'ﬁa‘%ﬂﬁﬂj%@ﬁ%ﬁreﬁrﬂ% 3ﬁré@é%l§h‘é’ﬂh£e§@ém§‘éﬁﬂ %éf’ﬂw%mrvi%creen 72,

the channel number of the moving program 100 is displayed in relation to a figure drawn on the
drawing entry saresoliéd Famexamjaetiolprhetéos et Gt tisplay ed taesdinesarsiomal itachpoint 81 in
Fig. 3 indicate that a "101" channel is called at the drawing start point 81. When the "101" channel is
called, the movig PGl ST0WHRLPBALIY 36 ted O trashidisekax fietEeN. Characters
"C102" displayed near the drawing end point 85 indicate that the moving program 100 corresponding
to a "102" channel is called at the drawing end point 85. By correlating a plurality of channels with the

individuag moving |REOgAMS R BB & MRS oftiRNENG With the 2P licafint i tae fifyid mgterial can
be performed in combination of predetermined drawing patterns.
enabling the three-dimensional space displayed on the 3D-display

screen to be rotated.

4. The computer program according to Claim 1, 2 or 3, further comprising
outputting in real time the movement information of the working
apparatus, which has been input on the text entry screen and/or the
figure entry screen, as the path on the three-dimensional space on the

3D-display screen.

5. The computer program according to any one of Claims 1 to 4, further
comprising displaying, on the figure entry screen, the height information
of the working apparatus at two end points constituting one selected
path in the forms of a scale axis indicating a height and a figure held in

linkage with the scale axis.

6. The computer program according to Claim 5, further comprising
enabling the height information of the working apparatus to be changed

by sliding the figure held in linkage with the scale axis.

7. The computer program according to any one of Claims 1 to 6, further

comprising displaying desired image data as a background on the figure



- 28 - [0054] Working efficiency can be increased by registering, as channels, routine drawing patterns
which are used at high frequency, and by managing each of the registered drawing patterns as a
component. The drawing patterns can be correladed with the channels on the text entry screen 71
or the figure entry screen 72. Correlation information of the channel data, which is input on one of the
two entry screens, can be confirmed on the other entry screen. [0055] For the drawing pattern shown
in Fig. 3, a "1" channel (not shown) is also executed in addition to the "101" channel and the "102"
channel which are shown. The "1" channel is a main program,.and the "101" channel and the "102"
Channel are subBTUCtA L e eRRE I L LR e T S B QAR R mpletec by
those three cha K.anadss %%pquge%%%argmﬁgg%qred in the main storage device
of the computer 30. [0056] A plurality of projects are managed, as shown in Fig. 12, in the form of a
project list. Each of "1 CH (channel)", "2 CH", and "3 CH" represents a main program. Channels
shown as being dangled from each main program represent sub-channels which function as
subprogdms coRaépdnamiy fo Batt Rthm GROYPANE NPECSEaN RS FigiNe wary@f 81§ and "102 CH"
are subprograms used in both "1 CH" and "2 CH". The project list can be confirmed on a project list
screen 74. [OOSﬂrE@?qgﬁIﬁ: faE%s screen transition among the text entry screen 71, the figure entry
screen 72, the 3D-display screen 73, and the project list screen 74 in this embodiment. Further,
the text entry screen 71, the figure entry screen 72, and the 3D-display screen 73 can be correlated
with correspondiag snapacharmetsms ishoya istoragkt uiihbecriny tHeencaim pikenpioograshown

according to any one of Claims 1 to 7, a display unit, an input unit, an
information processing unit, and a data communication unit for

transferring a prepared moving program to a working robot.

10. The apparatus according to claim 9, wherein the apparatus is a

computer system.

11. A device, comprising a storage unit storing a program for preparing a
moving program of a working robot which performs desired work by
moving a holder holding a working apparatus and a workpiece relatively
to each other, a display unit, an input unit, an information processing
unit, and a data communication unit for transferring a prepared moving
program to a working robot,
characterized by comprising
- means for displaying a text entry screen on which movement
information of the working apparatus can be input on the
character basis;

- means for displaying a figure entry screen on which movement
information of the working apparatus can be input as a path on a

two-dimensional plane in correlation with height information;



- 29 - in Fig. 14, it is needless to say that the text entry screen 71, the figure entry screen 72 and the
3D-display screen 73 can also be correlated with corresponding sub-channels in a similar manner.
[0058] The project stored in the main storage devicesaef the computer 30 is transmitted to the
application robot 10 of the application apparatus 50. The project stored in the application robot 10 is
executed upon receiving an instruction to start work from a control panel 99 of the application robot 10
through the cable A 51, or upon receiving a start-of-work signal from the computer 30. [0059] The

oving progran 100 RS CHIRCAYCRaRS 1 UBfeatR e i el B

application robot 10. [0Q68HdRE RISk G Rvpiiesr Als3Bl AR GIMRAHIRE NeSab R falgrbaied with

a commercially available application program, such as EXCEL (registered trade mark). In other words,
the moving program 10@sahdeatiommatioaltyvgederatadiondhg lasisanfdebedmsightalues by reading
data, such as CSV, including the coordinate values. Industrial Applicability
information thereof on the figure entry screen,;
- means for outputting in real time the movement information of the
working apparatus, which has been input on the figure entry
screen, to the text entry screen on the character basis;
- means for displaying a 3D-display screen for outputting the
movement information of the working apparatus, as a path on a
three-dimensional space, on the basis of the movement
information of the working apparatus which has been input on the
text entry screen and/or the figure entry screen; and

- means for automatically generating the input moving program for

the working apparatus.

12. A method for making a moving program of a working robot which
performs desired work by moving a holder holding a working apparatus,
the moving program executed on a device comprising a storage unit
storing a program for preparing the moving program , a display unit, an
input unit, an information processing unit, and a data communication
unit for transferring a newly prepared moving program to the working
robot, the method comprising:

- displaying a text entry screen on which movement information of
the working apparatus can be input on the character basis;

- displaying a figure entry screen on which movement information
of the working apparatus can be input as a path on a two-

dimensional plane in correlation with height information;



[0061] The present invention can be applied to not only an orthogonal desk-top working robot in
combination of respective moving means in the XYZ- directions, but also to any type of working robot
in which a workpiece and a working means are move#t relatively to each other. For example, the
working robot may be of the type the robot is movable only in one dimension, e.g., in the X-direction,
or may be, e.g., a scalar robot which is moved along curves. - 30 - The gist of the present
invention resides in displaying the distance between the working apparatus mounted to a holder and
the workpiece in a visually recognizable manner so that the operatpr can easil termine whether the
p SRR el S D SRS SR

distance is apprépriate.?

PR AERI R R R R QS R TR, Y AU AHRIY D U

Hg operator

can confirm a plurality of working SOkt AdEBeen input on the text entry screen, as the

13.

14.

15.

path on the two-dimensional plane and the height information
thereof on the figure entry screen;

- outputting in real time the movement information of the working
apparatus, which has been input on the figure entry screen, to
the text entry screen on the character basis;

- displaying a 3D-display screen for outputting the movement
information of the working apparatus, as a path on a
three-dimensional space, on the basis of the movement
information of the working apparatus which has been input on the
text entry screen and/or the figure entry screen; and

- automatically generating the input moving program for the

working apparatus.

The method according to Claim 12, further comprising enabling the path
on the three-dimensional space and a path, which is resulted from
projecting the former path onto a two-dimensional plane, to be both

simultaneously displayed on the 3D-display screen.

The method according to Claim 12 or 13, further comprising enabling
the three-dimensional space displayed on the 3D-display screen to be

rotated.

The method according to Claim 12, 13 or 14, further comprising
outputting in real time the movement information of the working

apparatus, which has been input on the text entry screen and/or the
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figure entry screen, as the path on the three-dimensional space on the

3D-display screen.

The method according to any one of Claims 12 to 15, further comprising
displaying, on the figure entry screen, the height information of the
working apparatus at two end points constituting one selected path in
the forms of a scale axis indicating a height and a figure held in linkage

with the scale axis.

The method according to Claim 16, further comprising enabling the
height information of the working apparatus to be changed by sliding the

figure held in linkage with the scale axis.

The method according to any one of Claims 12 to 17, further comprising
displaying desired image data as a background on the figure entry
screen, and enabling the movement information of the working

apparatus to be input on the displayed background.

A computer-implemented method for making a moving program of
working robot which performs desired work by moving a holder holding a
working apparatus, the moving program executed on a device
comprising a storage unit storing a program for preparing the moving
program , a display unit, an input unit, an information processing unit,
and a data communication unit for transferring a newly prepared moving
program to the working robot, the method comprising:

- displaying a text entry screen on which movement information of

the working apparatus can be input on the character basis;
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- displaying a figure entry screen on which movement information
of the working apparatus can be input as a path on a two-
dimensional plane in correlation with height information;

- outputting in real time the movement information of the working
apparatus, which has been input on the text entry screen, as the
path on the two-dimensional plane and the height information
thereof on the figure entry screen;

- outputting in real time the movement information of the working
apparatus, which has been input on the figure entry screen, to
the text entry screen on the character basis;

- displaying a 3D-display screen for outputting the movement
information of the working apparatus, as a path on a
three-dimensional space, on the basis of the movement
information of the working apparatus which has been input on the
text entry screen and/or the figure entry screen; and

- automatically generating the input moving program for the

working apparatus.

The method according to Claim 19, further comprising enabling the path
on the three-dimensional space and a path, which is resulted from
projecting the former path onto a two-dimensional plane, to be both

simultaneously displayed on the 3D-display screen.

The method according to Claim 19 or 20, further comprising enabling
the three-dimensional space displayed on the 3D-display screen to be

rotated.
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The method according to Claim 19, 20 or 21, further comprising
outputting in real time the movement information of the working
apparatus, which has been input on the text entry screen and/or the
figure entry screen, as the path on the three-dimensional space on the

3D-display screen.

The method according to any one of Claims 19 to 22, further comprising
displaying, on the figure entry screen, the height information of the
working apparatus at two end points constituting one selected path in
the forms of a scale axis indicating a height and a figure held in linkage

with the scale axis.

The method according to Claim 23, further comprising enabling the
height information of the working apparatus to be changed by sliding the

figure held in linkage with the scale axis.

The method according to any one of Claims 19 to 24, further comprising
displaying desired image data as a background on the figure entry
screen, and enabling the movement information of the working

apparatus to be input on the displayed background.





