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Introduction

This manual describes the "vision sensor + conveyor synchronization function used for
Toshiba Machine's Industrial Robot Controller TS3000 (TS3100).

Section 1

Section 2

Section 3

Section 4

Section 5

Section 6

Section 7

General Descriptions
The outline and features of this function is described.

Interface
The connecting method between the TS3000 (TS3100) controller and
the conveyor encoder, vision sensor is described.

Parameter Setting and Preparations

The setting procedures for the parameters exclusively used for the
Ethernet function (ETHERNET. PAR) and the parameters used for the
"Vision sensor + conveyor" synchronization function (CONVEYOR. PAR)
are described.

Setting Vision Sensor
Various vision sensor setting procedures for communication between the
vision sensor and robot controller TS3000 (TS3100) are described.

Programming and Teaching
The programming procedures for using the "vision sensor + conveyor"
synchronization function are described.

Operation

The utility function used for the "vision sensor + conveyor"
synchronization function, and the procedures for stopping, resetting and
restarting operations are described.

Troubleshooting
The self-diagnosis function and troubleshooting of the "vision sensor +
conveyor" synchronization function are described.
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The contents of this manual are subject to change without prior notice to effect
improvements. Various instruction manuals are available, including the
Introductory, Startup, Operation, Robot Language, Interface, Communications,
Transportation and Installation, and Maintenance manuals. Refer to these
manuals as necessary.
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Section 1
General Descriptions

1.1 Main Features of "Vision Sensor + Conveyor" Synchronization
Function

(1) What is the "vision sensor + conveyor" tracking?
The vision sensor recognizes workpieces running continuously over the
conveyor, and the robot performs handling in line with the workpiece travel
speed.

(2) Features of "vision sensor + conveyor" synchronization function of TS3000
(TS3100)

—— /0 interface |—
unit Vision sensor

N

encode& \ /"

Ethernet

Workpiece
detection area— ™|
N N End point of Conveyor
Captur_e Start point ‘of workpiece workpiece synchronization
ref. point detection area detection area end point

—‘ Conveyor travel distance )—» TS3000
[ Goordnate data | (153100

Robot
[ Tmerswa | | Controller

* Itis possible to construct a low-priced system using an existing vision
sensor (designed for Ethernet).

e The robot can perform handling in line with conveyor (workpiece) speed,
without stopping the conveyor.
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* The robot performs handling of workpieces in turn, which are located in
the workpiece detection area, from the downstream direction of the
conveyor.

* The system automatically identifies each workpiece position on the
conveyor. (The user need not create a special program at all.)

* The robot can also perform discriminative handling in which it performs
handling of only workpieces of specified type among workpieces of
multiple types running on the conveyor.

* The robot is capable of performing sorting handling in which it randomly
picks up workpieces of multiple types running on the conveyor to group
them according to the type.

* Simple and plain programming is possible, using the exclusive lanquage.

» Designed for multiple conveyors. (For instance, the "vision sensor +
conveyor" synchronization can be executed on conveyor 1, and the
previous conveyor synchronization on conveyor 2.)
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1.2 Differences from Previous System

1.2.1 Previous Conveyor Synchronization Function

-
isi
Vision sensor “L_,v |
' v
N \
N ’\\ l&
/ i N lg/ )
/ Y
4 U
I/
C d
— Delay distance |
L Capture reference point L Synchronization start position

<Processing flow>

[1]
[2]
[3]

[4]

[5]

[6]

[7]

A workpiece is running on the conveyor.
The vision sensor detects it and presses the shutter release button.

The vision sensor sends the workpiece coordinates to the TS3000 (TS3100)
controller.

The robot stands by until the workpiece reaches the start position of
conveyor synchronization with the robot.

When the workpiece has arrived at the synchronization start position, the
robot starts synchronizing with the conveyor. (— SYNC)

The robot picks up the workpiece according to the coordinate data
transmitted.

The synchronization finishes. (— UNSYNC)
Hereafter, the above steps ([1] through [7]) are repeated.

STE80866
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<Points at issue>

(1)

(2)

3)

Communication time

As workpiece coordinates X, Y and C (real number data) are sent to the
controller via RS232C, communication processing speed and data size to
be handled are limited.

Waiting time

The processing of conveyor synchronization starts the moment the vision
sensor system has captured a workpiece. Once the processing of
synchronization has started, however, the system enters a standby state
until the synchronization finishes, and the processing of next capture is not
possible.

Re-synchronization is not possible once synchronization has finished.
Once the UNSYNC (synchronization finish) has been processed, all
workpiece position data on the conveyor synchronized up till now are lost,
and the SYNC (synchronization) processing cannot be performed
repeatedly.

STE80866
11 -
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1.2.2 "Vision Sensor + Conveyor" Synchronization Function

— /O interface |— .
unit Vision sensor

Ethernet

Conveyor /ﬂ i

encode& \ ﬂ

-

Workpiece
*—detection area— |
. . End point of Conveyor
Capture Start point of workpiece workpiece synchronization
ref. point detection area detection area end point

—‘ Conveyor travel distance )—> TS3000
[ Cooranate da | > /TS3100

Robot

[rggersgra | > Controlier

<Processing flow>
[1] Workpieces are running on the conveyor.

[2] Irrespective of workpiece presence or absence, the vision sensor presses
the shutter release button on a regular basis.

[3] The vision sensor sends the workpiece coordinates to the TS3000 (TS3100)
controller each time it has captured a workpiece.

[4] The TS3000 (TS3100) controller monitors each workpiece travel distance
based on the conveyor encoder signal.

[5] Atthe same time that each workpiece has entered the workpiece detection
area (or when each workpiece is already present in the workpiece detection
area), the robot starts synchronization with the conveyor. Otherwise, the
robot enters a standby state.

[6] The TS3000 (TS3100) controller automatically calculates each workpiece
coordinate position. It is also possible to discriminate and sort out

STE80866
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workpieces by designating the detecting conditions (such as information on
workpiece type).

STE80866
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[7]

The synchronization finishes.
Hereafter, the above steps ([1] through [7]) are repeated.

<Improvements from previous specifications>

(1)

(@)

3)

(4)

Communication time
Due to processing of exclusive communication, using the Ethernet, the
communication time can be shortened significantly.

Reduction in waiting time

With each capture timing, tracking data (i.e., workpiece information sent
from the vision sensor) is created internally, and it is possible to trace it.
Thus, the vision sensor can capture workpieces successively without waiting
synchronization finish.

Repeated synchronization is possible after synchronization has finished.
Even after the UNSYNC (synchronization finish) has been processed,
capture data on the conveyor remains saved, and the SYNC
(synchronization) processing can be performed repeatedly for workpieces in
the conveyor synchronization permit area.

Target position values during synchronization can be calculated
automatically, using the exclusive language.

In the past, the user had to create a SCOL program for setting target motion
positions, based on the data sent through RS232C communication.

When the exclusive target motion position command (VCPOS) is used,
however, the target motion positions are calculated and set internally and
automatically.

Additionally, when VCVSEL1 ~ 3 and VCWSTAT1 ~ 3 (exclusive language)
are used jointly, the robot can pick up workpieces while discriminating and
sorting them out based on the workpiece type information, etc.

STE80866
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1.3 System Structure

1.3.1 System Structure 1

When using the software for vision sensor adjustment, connect in the following

manner.

[3] Vision sensor

[4] /O interface unit

Troger signal /TS3100
@ @ 0 o ©
Robot L v e e

[1] [7]Personal computer

TS3000 [6] Network HUB St sotware

»| Controller

[5] Ethernet

[ 151 Ethernat |

[5] Ethernet

[5] Ethernet

[1]

"Conveyor synchronization + Ethernet " for TS3000 (TS3100)

[2]

Conveyor encoder

[3]

Vision sensor designed for Ethernet.

[4]

Trigger signal output unit for vision sensor

[5]

Ethernet cable (straight cable)

[6]

Ethernet HUB

[7]

Personal computer for vision sensor adjustment software

STE80866
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1.3.2 System Structure 2

When connecting the vision sensor directly with the controller, connect in the
following manner.

[4] /O interface unit

s

e

~ B
r
& g A
e 4
. // e
// //

(2] .
(1]
Conveyor travel distance i > TS3000
M [5] Ethernet > / TF\)SOBbl()C:O
[ Trigger signal } p| Controller

[1] |"Conveyor synchronization + Ethernet " for TS3000 (TS3100)

[2] | Conveyor encoder

[3] | Vision sensor designed for Ethernet.

[4] | Trigger signal output unit for vision sensor

[5] |Ethernet cable (straight cable)

STE80866
- 16 -



TSBOOOSG”GS Robot Controller "VISION SENSOR + CONVEYOR"SYNCHRONIZATION FUNCTION

1.3.3 System Structure 3

Pick up the work- piece from the conveyor(1CH), and place them to the tray on the

conveyor(2CH).
Vision Sensor
#2

Vision Sensor =
#1

1P2 ’
Vision Sensor #2

& Cnv #2 Encorder
|~ rosoT

IP3

Vision Sensor #1
(IP3)

S/@ Cnv #1 Encorder
Cnv Enc #1 >

G Enc 72—
TS3000

[ Trgger A ——
o | [TS3100

IP2/1P3

Ethernet
Ethernet

A

Ethernet
HUB

STE80866
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1.3.4 System Structure 4

Pick up the multi-typed work piece from the conveyor(1CH), and place them to the tray
on the conveyor(Ch2).

Vision Sensor
#2

“\,

RN

'YV Robot #2

Vision Sensor

P2

A
Vision
Sensor #2

\'}ision
Sensor #1
7 AY
z|| = /
[=4 [=4
] ] Cnv #1 Encorder
= = _éii
i} i}
————cnv Enc #2] > TS3000
L Trggersl ) > /TS3100
Trgger #2 = #1
Ethernet
HUB
D > TS3000
) > /TS3100
sl & #2

STE80866
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1.4 Programming Language

It is possible to automatically calculate the target motion values during conveyor

synchronization, using the exclusive language.

All target motion values during conveyor synchronization are calculated internally

and automatically, which are set in system variable VCPOS then.

(In the past, the

user had to create the target positions during synchronization in the SCOL program,
based on the data sent through RS232C communication.)

When VCVSEL1 ~ 3 and VCWSTAT1 ~ 3 (exclusive language) are used jointly,

the robot can pick up workpieces while discriminating and sorting them out based
on the workpiece type information, etc.

Language Example of statement Description
VCFUNC | VCFUNC=ON Data receiving start switch
ON: Receiving of data from the
vision sensor starts.
OFF: Receiving of data from the
vision sensor finishes.

VCPOS | MOVES VCPOS Target motion position during "vision

MOVES VCPOS+POINT(,,100) | sensor + conveyor" synchronization.
All target motion positions during
conveyor synchronization are
calculated internally and
automatically, which are then set in
this system variable.

VCSEEK |IF VCSEEK==ON THEN ~ (A) Replies the presence or
absence of next workpiece
satisfying the detecting
conditions (VCSEL1 ~ 3) in the
workpiece detection area.

ON: The next workpiece is
present.

OFF: The next workpiece is
absent.

-19 -
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Language Example of statement Description
VCSEEK IF VCSEEK==ON THEN ~ (B) If the next workpiece exists,
its target motion position is
set in VCPOS.
VCSEL1 ~3 |VCSELI=1 Designates the detecting
VCSEL2=0 conditions when the next
workpiece is to be detected by
the VCSEEK or SYNC
command.
VCWSTATL1 ~ 3 | IF VCWSTAT1==1 THEN GOTO | Refers to the workpiece
LP additional information of currently
detected workpiece.
SYNC(N) SYNC(1) Conveyor synchronization start
command.

N: Channel number
Starts conveyor synchronization
when the workpiece has entered
(or already exists in) the
conveyor synchronization permit
area.

(In the previous system, at the
same time that the
synchronization start trigger
signal has turned on, conveyor
synchronization starts.)

STE80866
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1.5 Setup Procedures

Set up the "vision sensor + conveyor" synchronization system according to the

following flow chart.

Connection of
peripheral equipment

TS3000/TS3100
parameter setting

‘Setting of
vision sensor

Calibration

Communicate

Connect the TS3000 (TS3100) with
peripheral equipment (conveyor
encoder, vision sensor, etc.).

Perform setting of Ethernet
parameters (ETHERNET.PAR) and
conveyor parameters
(CONVEYOR.PAR).

Set the transmit data format, shutter
timing, data transmit protocol, trigger

signal output, data output timing, etc.

Execute calibration (i.e., the work for
registering the robot coordinate
system in the vision sensor).

— Section 2

— Section 3

— Section 4

— Section 4

-21 -

data normally?
YES Make sure of normal data receiving,
> using the test program.

Programming

and teaching
Create a program, using the "vision + _; Section 5

Start and stop, conveyor" exclusive language.

Reset and restart
Operate the robot, using a created —s Section 6
YES Error generated? program.
Stop the program. When restarting  _, Section 7
the program, reset the conveyor as
necessary.
STE80866
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Section 2
Interface

2.1 Connecting Vision Sensor (Ethernet)

*  The Ethernet function of the TS3000 (TS3100) controller supports the
connection pursuant to the "10base-T".

» Communication with a personal computer and vision sensor on the Ethernet is
possible in the same local area, using the "TCP/IP" protocol.

* The vision sensor is connected with the controller via Ethernet.

* The cable is connected to connector "Ethernet" provided on the rear side of the

controller.
TS 3 0 0 O Robot Gontroller TOSHIBA MACHINE
@) 3\

N [msﬂm:;cums R comt
EMERGENGY

SERVO SERVO  UFI
ON OFF

POWER O

RUN STOP uF2

Ethernet interface
connector

Her—derod
=T

O] O @ o
e —Q 5° i
2 ~ || B[-
° o9 - g, e
o < ’ =4 o
J J

STE80866
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* When connecting the TS3000 (TS3100) controller with the vision sensor
through the Ethernet HUB, use a straight cable.

1/0 interface unit

Vision sensor

&/—
y:’

—>

Conveyor

travel distance >

Trigger signal

TS3000
/TS3100
Robot
Controller

Ethernet (straight cable)

Personal computer
for vision sensor

Network HUB adjustment software

o o
[

e

o o
=

Ethernet (straight cable)

Ethernet (straight cable)

* When connecting the TS3000 (TS3100) controller directly with the vision sensor,

use a cross cable.

I/0 interface unit

Vision sensor

2y

Conveyor travel distance

]

Coordinate data

Ethernet (cross cable)

Trigger signal

>
- Robot
»-

TS3000
/TS3100

Controller

- 23 -
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* The Ethernet function of the TS3000 (TS3100) controller can use four (4) ports
(IPO ~ 3). IP3 and IP2 are used for the communication processing of "Vision +

conveyer synchronous function” among these.
* [IP3is used as the exclusive port for processing of "vision sensor + conveyor"
though "IP2" can be switched to “Non-Procedual

synchronization protocol.

processing port ”. When setting the Ethernet IP address and each port, see

Section 3.

<1CH Vision CV System>

TS3000 robot controlier
_I>

©

Y
Simplified protocol = Port IPO
processing IPO (Server)
Processing via M
HOST port
Personal computer
programmer TSPC
Port IP1
(Server/client)
[elielelle)]
Peripheral equipment
Non-procedural protocol | Such as vision sensor
processing IP1, 2
PRINT IP2 ; Por 2
Server/client
< )
Peripheral equipment
such as persona
| computer
Port IP3
Processing of "vision (Server/client)
sensor + conveyor"
synchronization o
protocol IP3 =
. o
Vision sensor O
e
(>
< 2CH VISION CV SYSTEM >
N
Port IPO
Simplified protocol i
processing IPO (Server)
Processing via
HOST port
Personal computer
programmer TSPC
Non-procedural protocol
processing IP1 = Port IP1
INPUT IP1 1 @ (Servericlient)
Peripheral equipment
such as persona
| computer or vision sensor
Port IP2
Processing of "vision (Server/client)
sensor + conveyor"
synchronization
protocol IP2
Vision sensor #2
Port IP3
Processing of "vision (Server/client)
sensor + conveyor" =
synchronization o
protocol IP3 O
i =
Vision sensor #1
-

-  BHO ”gnw
__ 088 mg|@m
[ -2 O m@ ‘%
o Q ’ o [+
J J ‘
.,E w
glies
-
HB-

C

=24 -
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2.2

Connecting Trigger Input Signal

The conveyor synchronization function detects the trigger signal by using this
high-speed signal input to assure more accurate detection of the conveyor
encoder position while the trigger signal is ON.

The conveyor synchronization start trigger uses two (2) of the eight (8)
high-speed inputs. Connect the CH1 conveyor trigger to high-speed signal
input INPO and the CH2 conveyor trigger to high-speed signal input INP1. (For
details, see Fig. 2.1 ~ 2.3.)

Also, when the high-speed input function is used for the conveyor
synchronization start trigger switch, the remaining six (6) input switches other
than the two (2) input switches become inoperative. (When using eight (8)
high-speed inputs, the position data latch function cannot be used together with
the conveyor synchronization function.)

The high-speed signal input specifications of the TS3000 are shown below.

Table 2.1 High-speed signal input specifications

Item Specifications

No. of inputs Two (2) inputs (Of total eight (8) inputs, only
two (2) inputs are used for the conveyor
synchronization.)

Input specification Transistor open collector input or non-voltage
contact input

Input signal CH1: INPO

(See Fig. 2.1.) CH2: INP1

Delay time 2.2 usec (calculated value)

STE80866
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2.3 Circuit Structure

The circuit structures are shown below. As a bi-directional photocoupler is used
in the input circuit, the source type (plus common) or the sink type (minus

common) can be changed over.

TRIG
TS3000 !
Robot controller — | — Customer's side
|
1; ~~INPO (Trigger CH1)
5 INP1 (Trigger CH2)
2 INP2
0 INP3
3 INP4
11 INP5
2 INP6
2 INP7
? 5 PG
‘ 3 PG
com 5 CoM
v coM
7 P24V
T P24V
8 . .
Case T
T
% | XM2D-1501 (Cable connector)
- onnector cover
7/ | XM2s-1511 (C
FG '

(@) Source type (plus common)

TRIG
TS3000 |
Robot controller — | — Customer's side
|
11 ~~INPO (Trigger CH1)
5 NP1 (Trigger CH2)
2 INP2
0 INP3
3 INP4
e INP5
2 INP6
12 INP7
? 5 PG
13 PG
coM 6 CoM
2 CcoM
7 P24V
15 p24v
8 . o
Case g

7

FG

| XM2D-1501 (Cable connector)
i XM2S-1511 (Connector cover)

(b) Sink type (minus common)

Fig. 2.1 Connection of high-speed input circuit

— Customer's side
P24V

<41’
DEaN
PG

£ Non-voltage contact or

open collector input

P24V

_<<_

T ]

— Customer's side

¢
ol

b

Non-voltage contact or
open collector input

Fig. 2.2 Example of input signal circuit (when internal power supply is used)
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2.3.1 Contact/Transistor Specifications

The contact/transistor connected with external device should satisfy the following
specifications.

Table 2.2 Non-voltage contact/transistor specifications
Non-voltage contact specifications Transistor specifications

Contact rating: DC24 V, 10 mA or over | Voltage between collector and emitter:

L 30 V or over
Circuit current: Approx. 7 mA

Current between collector and emitter:

Minimum current: DC24 V, 10 mA 10 mA

Connected impedance: 100 Q or less Circuit current: Approx. 7 mA

Leak current between collector and
emitter: 100 pA

STE80866
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2.3.2 Example Connection of Conveyor Trigger Input Signals

Connect the conveyor synchronization start trigger switch to either of the high-
speed input conveyor synchronization trigger switch 1 or 2. The connection is
shown in Fig. 2.3 and Fig. 2.4.

TRIG
]
TS3000 !
Robot controller -¢— | —» Customer's side
(X8GL printed board) |

Conveyor
O O synchronization
trigger switch 1

Synchronization —
trigger signal 1 —

|
L
|
|
|
Synchronization _ ,+| 55 Convheyor. ;
Y . -
trigger signal 2 Ll synchronization
|
|
|
|
6or1a |

trigger switch 2

s
6orl4 CoMm
.
v 7orl5 P24V
&
i
i

Fig. 2.3  Connection of conveyor synchronization start trigger switch

(internal power supply; minus (=) commaon)
TRIG
|
TS3000 !

Robot controller -a— | — Customer's side
(X8GL printed board) |

Synchronization Conveyor

|
H . - 1 1 O O synchronization
trigger signal 1 I_'_l trigger switch 1

? |

|

!

|

-

Synchronization 9 o O gyonncvheryc%zation
! ; -t
trigger signal 2 |—|—' trigger switch 2
? |
|
F S% i
1 i
6orl4 com
%
=

Fig. 2.4  Connection of conveyor synchronization start trigger switch
(internal power supply; plus (+) common)
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2.3.3 Specifications of Conveyor Trigger Input Signal Cable

The specifications of the conveyor trigger input signal cable are shown below.

« Cable core : 0.2 mm2 ~ 0.52 mm?2 twisted cable
o Cable outer diameter : Max. 9 mm

¢ Shield . Shield cluster

« Cable length . 30morless

STE80866
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2.4 Connecting Conveyor Encoder

When the conveyor synchronization function of the TS3000 is used, the signal from
the incremental encoder and input signal from the conveyor synchronization start
trigger switch are required.

2.4.1 Incremental Encoder Specifications

Use such an encoder having phase A and B signals with 90° phase difference,
whose output circuit is of an RS—422 differential output (line driver) type.

Table 2.3 Encoder specifications

Phases A/B maximum response frequency 250 kHz
Receiver IC HD26LS32FP
Cable breakage detection Provided

2.4.2 Incremental Encoder Connector Specifications
Connect the incremental encoder with CONV (*1) of TS3000.

*1: Connector CONV on controller side: Type 52986-1479 made by Molex

Table 2.4 Connector and maker

Connector part name Type and maker
Connector 54306-1419 (Molex)
Connector cover 54331-0141 (Molex)

For the connector signal array, see Para. 2.6.3.

STE80866
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2.4.3 Connection between Incremental Encoders

Use and connect a shield twisted pair cable as shown in Fig. 2.5 and Fig. 2.6. If
it is connected incorrectly, noise resistance deteriorates, causing a malfunction.
When the robot controller external power supply is used, connect according to
Fig. 2.5. When the internal power supply is used, see Fig. 2.6. (The encoder
input comes in two (2) channels. Use them when necessary.)

CONYV
TS3000 '
1
Robot controller i Customer's side
(X8GL printed board) 1 ,’—‘\\
l' fcHiAH
!CHlAL: Conveyor 1
2 H ] encoder
3 :CHlBHi
S XX eure XX
1 +5V
6 1 : L
: |_|: External
1 power supply
: .
] I
| : ;7 GND
1 |
7 :CHZAH:
) :><><| CH2AL |><>< Conveyor 2
'CHZBHI encoder
9 i :
L 1o :XX:CHZBL,XX <\ vey
1
! N S
1 :_EExternal
13 : " —l-_powersupply
\ i
14 N 7
7 il ;7 GND
GND
Case
Case
T 54306-1419 (Cable connector)
1
;;/;;/ i 54331-0141 (Connector cover)
FG ’

Fig. 2.5 Connection between incremental encoders (when external power supply is
used)
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CONV
TS3000 :
Robot controller g——

(X8GL printed board)

—» Customer's side

- — -

|
1
i
1 4 N
1 ICHlAH\I c A\
1 onveyor
b1 2 :><><' CHlAL: encoder
3 : CHI1BH ,
0 e XX
5 ' psva ? *5V
| GND !XX
: }
5 L_P5VA :
13 1 eno XX
l l
i :  GND
1
- : CH2AH |
|><>< Conveyor 2
p— 8 :>O<: ClUZnL | encoder
5 L CH2BH |
XX cwae XX
11 | P5VA : g +5V
' oD |><><
I psva !
12 +
14 | _GND 'XX
\ T
Sea V GND
Case
Case
T 54306-1419 (Cable connector)
1
77/27/ i 54331-0141 (Connector cover)

FG

Fig. 2.6 Connection between incremental encoders (when internal power supply is
used)
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2.4.4 Relationship between Encoder Cable Length and Number of
Power Supply Twisted Pairs

When +5 V supplied from the robot controller (i.e., printed board) is used for the
encoder power supply, connect the cable, considering voltage drop in the cable.

[Example of calculating cable voltage drop]

When the allowable encoder voltage is taken as 4.5 V, relationship between the
cable length and number of power supply twisted pairs is as shown below.
(Assume that cable resistance is 110 Q/km, encoder current consumption 150
mA and controller supply voltage 5 V.)

150 1

~ 71000 *! *2% 7000 * p

Ve =5

"Ve" indicates the encoder voltage, "l " the cable length, "2" the counts of
reciprocations and "p" the number of twisted pairs.

From the above expression, it can be known that the allowable encoder voltage
of 4.5 V can be assured under the following conditions.

No. of power supply twisted pairs Cable length
1 15 m or less
2 30 m or less
3 45 m or less

When the cable of more than 45 m is required, therefore, the external power
supply should be used.

The example of the above calculation is valid under the above conditions only.
Figure out, referring to the example of the above calculation. Especially, note
that the current consumption differs with an encoder to be used.

If the external power supply is used, the cable length can be longer. The
maximum cable length should be 100 m, however, in terns of the signal.
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2.4.5 Fabricating Cable

Fabricate a cable in the following manner.

a)

b)

Incremental encoder cable specifications

Core cable: 0.2 mm2 ~ 0.52 mm?2, twisted wires
Cable outer diameter:  Max. 8.5 mm

Shield: Shield cluster

Cable length: See Para. 2.6.4.

Use such a cable which satisfies the above specifications. Otherwise, the
robot may malfunction due to noise entry, in addition to fusing caused by
short-circuit or overheating of the core cable.

Fabricating a cable

The connector is of a solder cup type which solders wires.

To fabricate a cable, take careful precautions on soldering of the wires to
the connector and shield processing, and refer to Fig. 2.7.

Housing

Cable clamp

Shield

Cable clamp

Fig. 2.7 Fabricating a cable
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Note: The shield of the cable is connected with the grounding terminal of the
TS3000 (TS3100) robot controller through the housing. The shield
should be connected with the housing completely in the cable clamping

part.

2.4.6 Defining Optimal Resolution of Encoder

The minimum processing period of conveyor synchronization is 3 msec. If the
number of pulses of the conveyor encoder, that can be sampled every this period
is too small, the tracking accuracy to the conveyor will deteriorate.

Select the encoder so that [Vpulse: Number of sampling pulses per 3 msec] as
calculated from the following equation is about 10 ~ 100 pulses.

[Vpulse: Number of sampling pulses per 3 msec] can be figured out from the
following equation.

3 VCNy 1
Vpulse = 1000 ° Re ( =D ° Gm (2)

where,

Re: Encoder resolution (ppr)

When the 2000 (ppr) resolution encoder is used, for instance, it is processed as
8000 (ppr) (i.e., 2000 multiplied by 4) in the TS3000 (TS3100) controller.

STE80866
-35-



TSBOOOSQ“GS Robot Controller "VISION SENSOR + CONVEYOR"SYNCHRONIZATION FUNCTION

Vcnv: Conveyor speed (mm/sec)

' : D: Conveyor
Customer's desired conveyor speed o dierer

Encoder

Conveyor

Veny = 50 (mm/sec)

D: Conveyor roller diameter (mm)
Customer's conveyor roller diameter

D =100 (mm)

Gm: Reduction ratio (Conveyor roller speed / Encoder speed)
This value differs with the customer's encoder set conditions.

[Example]  When the encoder revolves 25 turns while the conveyor roller
revolves by one (1) turn:

Gm* =1/25=0.04
* The value of Gm (reduction ratio) should be exactly divisible.

From Expression (1) above, Expression (2) can be obtained.

B 1000 meD+Gm
Re = Vpulse * 3 ° Vony (2)

When the values are substituted for Vcnv, Gm, D and Vpulse in Expression (2),
the optimal encoder resolution (Re) is about 840 ~ 8400 (ppr).
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Section 3
Parameter Setting and Preparations

3.1 Ethernet Parameter (ETHERNET.PAR)

Tabled below are the parameters used in the Ethernet function of the controller.

No. Data Description Initial value
(CH1/CH2)
1 | [EOO] OPEN MODE IPO-3: Designates the open mode of the 1000
O:NON 1:SERVER 2:CLIENT Ethernet port.
2 |[EO1] ROBOT CONTROLLER IP Specifies the robot controller's own 192.168.0.124
ADDRESS IP address.
3 |[EO02] ROBOT CONTROLLER (Unused) NO1-TS2K
NAME
4 | [E03] SUBNET MASK Specifies the subnet mask of the 255.255.255.0
connected network.
5 |[E04] DEFAULT GATEWAY Default gateway address 192.168.0.1
6 |[E05] OWN PORT NO Specifies the controller side port
IPO number of each port. 1000
IP1 1001
IP2 : Vision CV (2CH) 1002
IP3 : Vision CV (1CH) 1003
7 | [E06] PORT NUMBER OF Specifies the destination (i.e.,
server side) port number of each
IPO port. (To be specified only when the 1000
IP1 client mode is selected.) 1001
IP2 : Vision CV (2CH) 1002
IP3 : Vision CV (1CH) 1003
8 |[EO07]IP ADDRESS OF Specifies the destination IP address
DESTINATION of each port. (To be specified only
PO when the client mode is selected.) 192.168.0.150
IP1 192.168.0.151
IP2 : Vision CV (2CH) 192.168.0.152
IP3 : Vision CV (1CH) 192.168.0.153
9 | [EO8] ROBOT COMMUNITY NAME | Community name of the network. NO1-TS2K
10 | [EO9] DHCP Unused 0
11 |[E10] HOST MODE FULL Unused 0
CONTROL PORT:
0:RS232C 1.ETHERNET

- 37 -
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3.1.1 Ethernet Port Open Mode

[EOO] Open mode IPOIP11P2IP3

Specify the open mode for the Ethernet port.

Data format . Integer type >CH 1CH
Data unit : None
Data settingrange : 0-~2 / /
Data format . =(IP0) (IP1) (IP2) (IP3)
Example ofvalue : =1000

0 : Unused (not open)

1 : Server

2 : Client

As the IPO is exclusively used for the simplified protocol, however, only the server
mode ("1") can be specified for it. If the external equipment is used as the
server, specify "client” for the robot controller. If it serves as the client, specify
"server" for the controller.

3.1.2 Robot Controller IP Address

[EO1] Robot controller IP address

Specify the robot controller's own IP address.

Data format . Integer type
Data unit : None

Data setting range : 0~ 255
Example of value : =192.168.0.124

* The IP address is an address for identifying the controller.

* The IP address consists of four (4) numeric numbers between 0 and 255 and
periods flanked by the numbers. When directly connecting a single controller
with a single personal computer connected to the network, the IP address can
be the initial value (any value). When connecting them via the existing LAN,
however, specify the IP address according to the instructions given by the
customer's LAN system manager.
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» If the same IP address is used repeatedly, the Ethernet function will not work
properly.

* The personal computer communicating with the robot controller should be
connected on the same network.

3.1.3 Name of Robot Controller
[EO2] Robot controller name

This parameter is not used currently.

3.1.4 Setting of Subnet Mask
[EO3] Subnet mask

Specify the subnet mask of the network to be connected.

Data format . Integer type
Data unit : None

Data setting range : 0~ 255
Example of value : =255.255.255.0

When connecting via the existing LAN, specify the subnet mask according to the
instructions given by the customer's LAN system manager.

3.1.5 Setting of Default Gateway Address
[EO5] Default gateway

Specify the default gateway address.

Data format . Integer type
Data unit : None

Data setting range : 0~ 255
Example of value : =192.168.0.1

When connecting via the existing LAN, specify the default gateway address
according to the instructions given by the customer's LAN system manager.
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3.1.6Setting of Controller Communication Port Number
[EO6] Own port no

Specify the port number of each port used by the robot controller.

Data format . Integer type
Data unit : None

Data setting range

Example of value : =1000

The port number is something like the frequency of a radio. Specify the port
number for each of IPO ~ IP3. Take careful precautions not to use the same
port number repeatedly.

Example:

{IPO}

= 1000

{IP1}

= 1001

{IP2} <— for Vision+CV (2CH)
= 1002

{IP3} <—— for Vision+CV (1CH)
= 1003

3.1.7 Setting of Communication Port Number of Connected Equipment
[EO7] Port number of destination

Specify the port number of each port used by the destination. (This mode is
valid only in the client mode.)

Data format . Integer type
Data unit : None

Data setting range

Example of value : =1000

* These port numbers should be made identical with the port numbers used by
the destination server.
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* The port number is something like the frequency of a radio. Specify the port
number for each of IPO ~ IP3. Take careful precautions not to use the same
port number repeatedly.

Example:

{IPO}

= 1000

{IP1}

= 1001

{IP2} <4—— for Vision+CV (2CH)
= 1002

{IP3} <4—— for Vision+CV (1CH)
= 1003

3.1.8 Setting of IP Address of Connected Equipment
[EO8] IP address of destination

Specify the IP address of each port connecting the destination. (This mode is
valid only in the client mode.)

Data format . Integer type
Data unit : None

Data settingrange : 0~ 255
Example of value : =192.168.0.150
Example:

{IPO}

=192.168.0.150

{IP1}

=192.168.0.151
{IP2} <4— for Vision+CV (2CH)
=192.168.0.152
{IP3} <4— for Vision+CV (1CH)
=192.168.0.153
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3.1.9 Community Name of Network
[EO09] Robot community name

This parameter is not used currently.

3.1.10 [E10] DHCP

This parameter is not used currently.

3.1.11 Host Mode Full Control Port
[E11] Host mode FULL control port

Specify whether the RUN (program execution) command should be controlled via
RS232C communication or TCP/IP communication while the controller is in the

host mode.

Data format . Integer type
Data unit . None

Data settingrange : Oorl
Example ofvalue : =0

0: RS232C

1: Ethernet
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3.1.12 Confirming Connection on Ethernet Utility Display

Be

1)

(@)

3)
(4)

fore using the Ethernet function, confirm the following matters.

Make sure that the Ethernet cable between the robot controller and external
equipment (personal computer, for instance) is connected properly.

Make sure that the Ethernet cable used is correct.

When directly connecting the external equipment and robot controller, a
cross cable should be used.

When the HUB is used, a straight cable should be used.
Make sure that the parameters of the controller are set legally.

Make sure that the controller power was turned off once after the parameter
setting.

Press the <UTILITY> key, and the system calls the following display

ROBOT UTILITY

A UX I /0 P O S TRANS WK -TM >

Press the <NEXT> key three (3) times, and the [ETHER] menu appears.

REORG J-LIM DATE MOTOR ENGC >

PLC-M MEMOR ZEROP VER CONYV >
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Press the [ETHER] key, and the system calls the following display.

IP ADDRESS

SUBNET MASK
MAC ADDRESS

FIRMWARE

ETHERNET STATUS [ 1/ 3]
1P ADDRESS 19 2 168 0 12 4
SUBNET MASK 255 255 255 . 0
MAC ADDRESS 000048 :14020°€6
FIRMWARE S1S60000.-0001:00 20

Controller's own Ethernet address as described in
Ethernet parameter [EO1].

Subnet mask as described in Ethernet parameter [E03].
Mac address.

Firmware version of Ethernet unit.

Press the <NEXT> key, and the following display appears. Make sure that the
controller's own Ethernet address and subnet mask as specified by the
parameters beforehand are set.

ETHERNET STATUS [ 2 /31
Own@&Port Connewctt 1 P Por t
I PO 1000 000 .00O0.000.000 O0O0OT OO
2CH I P 1 0000 000 .00O0.000.000 O0O0OT SO
~a |1 p2 0000 000 .00O0.000.000 O0O0OT OO
w1 P3 0000 000 .00O0.000.000 O0O0GOT OO
1CH
IPO ~ IP3 Ethernet channel number.
OwnPort Port number on the robot side.
Connect IP IP address of the destination.
Port Port number of the destination.

On this display, status information on connection when the controller is
connected with external equipment is shown.
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ETHERNET S TATUS [ 3 /7 3]
App . Mo d e Status
I PO HOST TCP I/ S L 1 S EN
2CH I P 1 SCoOL TCP/ C CLOSED
\A I P 2 S COL TCP I/ S CLOSED
s 4 | P 3 SYSTEM TCP |/ S CLOSED
1CH
IPO ~ IP3 . Ethernet channel number.
App. . Application name using each channel.
Mode . Type of protocol, open status.
Status . Change in Ethernet port status.

* App. (The application name using each channel is displayed.)
HOST : Connection pursuant to the simplified protocol.
SCOL : Connection pursuant to the non-procedural protocol.

* Mode (The open mode of each port is displayed.)
TCP/IS : Server connection as per the TCP protocol.
TCP/IC : Client connection as per the TCP protocol.

« Status (Change in Ethernet status is displayed.)
For details on each status, refer to the TCP/IP manual, etc., commercially
available.

Closed
Listen
Syn-Sent
Syn-Received
Established
Fin-Waitl
Fin-Wait2
Close wait
Closing
Last ACK
Time Wait

© 00 N O O A WON P

ol
= O

STE80866
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3.2 Conveyor Parameter 1
CONVEYOR.PAR: [CO0] Conveyor Parameter

The conveyor parameters (CONVEYOR.PAR.: [CO0] Conveyor Parameter) are

exclusively used for the conveyor synchronization function.

No. Data Description Initial value
(CH1/CH2)
Conveyor Parameter 1 (CH1, CH2)
1 Encoder rotating direction Encoder rotating direction 00
2 Encoder sampling period [ms] Encoder sampling period 3 3
3 Conveyor stop judgment time [ms] | Time for judging conveyor stop. 00
4 Type of conveyor synchronization | Type of conveyor synchronization 00
0 : Linear
1 : Circular (CW)
2 : Circular (CCW)
3 : Vision+Conveyor
5~7 | Dummy data Dummy data 00
Conveyor Parameter 2 (CH1, CH2)
8 Travel value per pulse of encoder | Travel distance per one (1) pulseof | 0.0 0.0
[um/pulse] encoder
9 Rotation center position X of arc X coordinate of arc conveyor 0.0 0.0
conveyor [mm] rotation center position
10 | Rotation center position Y of arc Y coordinate of arc conveyor 0.0 0.0
conveyor [mm] rotation center position
11 ~ | Dummy data Dummy data 0.0 0.0
15

- 46 -
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[U20] Conveyor Parameter
{Conveyor Parameter1(CH1,CH2)}
{Encoder rotating direction}

=0 0

{Encoder sampling period [ms]}
=3 3

{Conveyor stop judgment time [ms]}

=0 0 If " 3" is set to 2CH side of parameter
{Type of conveyor synchronization} { Type of conveyor synchronization },
~0 0 2CH's vision + conveyer synchronous

~ function is enabled.

{Conveyor Parameter2(CH1,CH2)}

{Travel value per pulse of encoder [um/pulse] [mdeg/pulse]}

=00 00

{Rotation center position X of arc conveyor [mm]}
=00 00

{Rotation center position Y of arc conveyor [mml}
=00 00

{Limitation width of synchronization(inner)}

=00 00

{Limitation width of synchronization(outer)}

=00 00
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3.2.1 Encoder Rotating Direction

Data format . Integer type
Data settingrange : Oorl
Example of value : O

The value of this parameter is decided according to the encoder specifications
used and the rotating direction of the encoder set to the conveyor.

Press the <UTILITY> key, then select the [CONV] menu. The following menu
display appears.

(CONV _MON) 1/ 7
Conyv Form VI SITON_CYV LI NEAR

Cony Veloc A A S T P R Sk kK x k%
Conyv Status: 0 0
Enc Pul se : 32767 32767
Me s Pul se : 6 4 17 0
Me s Tr iop Do- F o * x * ok k * ok ok *

Run the conveyor and specify the value in the direction in which the value of

[Pulse] increases.

When the value of [Pulse] increases while "0" is specified for the encoder
rotating direction — Specify zero (0).

When the value of [Pulse] decreases while "0" is specified for the encoder
rotating direction — Specify number 1.
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3.2.2 Encoder Sampling Period

Data format . Integer type
Data unit © msec

Data setting range : 3 ~ 30000
Example of value : 3

This parameter specifies the period (*) during which the counter value from the
encoder attached to the conveyor is obtained.

*  As the arithmetic operation period of the conveyor synchronization function is
3 ms, the actual parameter value is a multiple of this arithmetic operation
period (3 ms) whose fractions are ignored.

[Cautions]

The conveyor synchronization function calculates the synchronization travel
distance at minimum periods of 3 msec (default). It is also possible to specify a
larger value, however. Determine the value, taking note of the following.

When the value is decreased (minimum value 3 msec):

* The trackability for the conveyor speed improves.

« If this value is too small, however, the synchronization speed changes even
with conveyor pulsation, which may result in vibration of the robot.

When the value is increased:

* The synchronization speed is less affected by conveyor pulsation.

» The conveyor rotating angle and arithmetic operation error can be absorbed.
» The trackability for the conveyor speed deteriorates.

Unless the pulsation is caused, specify the default value (3 msec).

Example:

When the conveyor sampling period is set to 15 msec, the synchronization travel
distance is figured out based on the previous conveyor sampling period average
speed (Vave).
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15ms Conveyor encoder
\ sampling period
Previous This time Next time

-

No. of encoder pulses

15 msec average speed
Vave

T _

/ Time (sec)

Period for calculating conveyor 3ms
synchronization travel distance (predetermined)

3.2.3 Conveyor Stop Judgment Time

This parameter specifies the conveyor stop judgment time. Unless the encoder
counter value changes during the time set by this parameter value, the system
interprets that the conveyor is stopped, and outputs the error of "001-048:
Conveyor Stop". As this is the error of level 1, programmed operation

continues.

Data format :  Integer type
Data unit © msec

Data setting range : 0~ 30000
Example of value : 3000

* Normally, the conveyor stop time is specified by the 2nd argument of the
SYNC command. Unless the 2nd argument is specified, the conveyor stop
is judged with this parameter value.

* When the 2nd argument of the SYNC command is not specified and this
parameter value is zero (0), the system will not judge the conveyor stop.

STE80866
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3.2.4 Type of Conveyor Synchronization

Data format . Integer type
Data settingrange : 0~2
Example of value : 0

This parameter specifies the type of the conveyor synchronization function.
Select a desired type from the following four (4) types.

Linear conveyor (Can be set for CH1 and CH2.)
Arc conveyor (CW) (Can be set for CH1 and CH2.)
Arc conveyor (CCW) (Can be set for CH1 and CH2.)
"Vision+ conveyor" synchronization function
(Can be set for CH1 and CH2.)

w N - O

For the "vision + conveyor" synchronization function, specify "3" for channel 1
(CH1) of this parameter.

Example) =3 1

3.2.5 Dummy Data

Data format : Integer type

Area reserved for the system.

STE80866
-51 -



TSBOOOSQ“GS Robot Controller "VISION SENSOR + CONVEYOR"SYNCHRONIZATION FUNCTION

3.2.6 Travel Distance per Pulse of Encoder

This parameter specifies the conveyor travel distance (um) per one (1) pulse of
the encoder set to the conveyor.

Data format . Real number type
Data unit © Mm
Example of value : 0

If the total number of encoder pulses is AP (pulse) when the conveyor moves by
AL (um), the conveyor travel distance per one (1) pulse of the encoder o (um)
can be calculated from the following equation.

o = (AL / AP) * 1000

The total number of encoder pulses (AP) can be obtained in the following
manner.

(1) Pressthe <MES1> (F1) or <MES2> (F2) function key corresponding to the
channel (CH1 or CH2) through which you wish to measure, using the cursor.

(CONV_MON) <cH1 > - c -2 >
Conyv Form c:VISION_CV LI NEAR
Conv VelOC :_****'*** _***.****
Conyv Status: 0 0
Enc Pul se : 32767 327617
Me s Pul se : 32417 0
Mes Trlp :_**** * *x % _***.****

To count the number of pulses of CH1, press [MES1].

STE80866
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(2) To count the number of pulses of CH1 or CH2, select [MES1] or [MESZ2],
respectively. After moving the conveyor by AL, press the <SET> key.

(CONV_MON) <cH1 > - C 2 >N
Conyv Form V 1 I ON _CV LI NEAR

Conv VelOC ._****.*** _***.****
Conyv Status: 0 0
Enc Pul se : ‘ 32767| 32767
Me s Pul se : 6 32417 0
Mes Trlp :_*‘**, E**'_***.****

:

| This value is AP. |

(3) When you press the <SET> key, the present total number of pulses (Mes
Pulse) is shown on the display. Then figure out the travel distance per one
(1) pulse (o pm) by substituting this value for "AP" in the above equation.
(To measure the value again, press the [MES1] or [MES2] key.)

3.2.7 Rotation Center Position X, Y of Arc Conveyor

This function does not use these parameters.

3.2.8 Dummy Data

Data format : Real number type

Area reserved for the system.
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3.3 Conveyor Parameter 2
CONVEYOR.PAR: [C01] Vision + Conveyor Tracking Parameter

These parameters are exclusively used for the "vision sensor + conveyor"

synchronization function.

conveyor" synchronization function] is specified for the type of conveyor
synchronization of conveyor parameter [C00] described above.

"[C01] Vision + Conveyor Tracking Parameter” table

This function is operative only when [3: "Vision sensor +

-54 -

No. Data Description Initial value
(CH1/CH2)
1 Delimiter Character Delimiter of communication data 0 0
0 : Comma
2 Work sort function enable SW Work data sorting function enable 00
SW
3 Dummy data Dummy data (integer) 00
4 Data reception timeout [ms] Capture data receive timeup [ms] 0.0 0.0
5 Calibration Offset [mm] Calibration offset [mm] 0.0 0.0
6 Detection area start point [mm] Start point of workpiece detection 0.0 0.0
area [mm]
7 Detection area end point [mm] End point of workpiece detection 0.0 0.0
area [mm]
8 Conveyor Sync limit point [mm] Limit point of conveyor 0.0 0.0
synchronization [mm]
9 Overlap allowance [mm] Allowance for workpiece overlap 0.0 0.0
[mm]
10 Capture width [mm] Capture width [mm] 0.0 0.0
11 Calibration reference position (X) | Calibration reference point X 0.0 0.0
coordinate [mm]
12 Calibration reference position (Y) | Calibration reference point Y 0.0 0.0
coordinate [mm]
13 ~ 14 | Dummy data Dummy data (real number) 0.0 0.0
STE80866
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[U28] Vision + Conveyor Tracking Parameter(CH1,CH2)
{Delimiter Character (0:', 1:' ")}

=0 0
{Work sort function enable SW (0:Disable, 1:Enable)}
=0 g

{Data reception timeout [ms]}

=00 00

{Calibration offset [mm]}

=00 00

[Detection area start position [mm]}
=00 00

{Detection area end position [mm]}
=00 00

{Conveyor Sync limit position [mm]}
=00 00

{Overlap allowance [mm]}

=00 00

{Capture width [mm]}

=00 00

{Calibration reference point (X)}

=00 00

{Calibration reference point (Y)}

=00 00

STE80866
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3.3.1 Delimiter Character

As only comma is used as the delimiter of communication data, this parameter is
not used.

Data format Real number type

Data setting range None

Example of value 0: Comma

3.3.2 Work data sorting function enable SW

"Workpiece data sorting function™ is a function to rearrange the order of the
received data from downstream to upstream of the conveyor. So the robot can

process sequentially from the downstream of the conveyor, that As the robot can
process an optimal picking without wasted motion.

Conveyor Vector
Upstream i

(Flow Direction) Downstream

Conveyor Vector
Upstream (Flow Direction) Downstream

Q.. 9%>§

Data format Integer type
Data setting range 0:Disable, 1:Enable
Example of value 0:Disable

3.3.3 Data Reception Timeout

.Conveyor parameter [C0O1] The "1-180: VCV Comm Process Timeout" error

occurs when the data receive cannot be completed in Data reception time out
(data receive time-out) setting time or less.

Conveyor parameter CO1 of this
function This function becomes disabled for "0.0" { Data reception timeout ms }

STE80866
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3.3.4 Calibration Offset ™ [mm]

Calibration Offset is the parameter for specifying the length from the capture.
area reference line to calibration reference line in mm.

Vision sensor

Calibration
reference line

Calibration

Reference line sheet

of capture area

—| Calibration Offset (mm) |—>

"Calibration" is the work for registering the robot's coordinate system in the vision
sensor. Once the calibration is executed, using the vision sensor, all coordinates sent
from the vision sensor are based on the world coordinate system of the robot.

Outline of calibration
(1) Capture the calibration sheet by the vision sensor.

(2) Register Four (4) calibration points (P1 ~ P4) on the calibration sheet to
the vision sensor.

(3) Move the conveyor to a position where the robot can reach the calibration
sheet.

= This position is called the "calibration position".

(4) Move the end effector of robot to each calibration point (P1 ~ P4) in order
to measure the point (P1 ~ P4) in the world coordinate system.

(5) These four (4) calibration points (P1 to P4) are taught the vision sensor.

*. For details on the calibration procedures, see Section 4.3.

D |t can also be set by directly editing parameter USER.PAR. When using the UTILITY function,
however, parameter setting is very easy. For details, see Para. 6.1.

STE80866
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3.3.5 Detection Area Start Point (*) [mm)]
3.3.6 Detection Area End Point (*) [mm]
3.3.7 Conveyor Sync Limit Point (*) [mm]

*

It can also be set by directly editing parameter CONVEYOR.PAR. When

using the UTILITY function, however, parameter setting is very easy. For

details, see Para. 6.1.

55

Start point of
workpiece
detection area

Capture
area

Workpiece
detection area

End point of
workpiece
detection area

Conveyor
synchronization
limit point

Start point of workpiece
detection area

End point of workpiece
detection area

Conveyor synchronization
limit point

Specify the distance from the capture
reference point to the start point of
workpiece detection area in mm.

Specify the distance from the capture
reference point to the end point of
workpiece detection area in mm.

Specify the distance from the capture
reference point to the conveyor
synchronization limit point in mm.

-58 -
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¢  About the workpiece detection area:

* When workpieces running on the conveyor have entered the workpiece
detection area, the robot starts tracking the conveyor.

» At the same time that the robot starts tracking the conveyor, it moves to
the position of a workpiece which is located most downstream.

* Unless a workpiece exists in the workpiece detection area, the robot will
not start synchronizing with the conveyor. The next workpiece stands by
in the workpiece area.

¢ About conveyor synchronization limit point:

* When the robot apex position has passed the conveyor synchronization
limit point after the robot started synchronizing with the conveyor, it
finishes the synchronization.

STE80866
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3.3.8 Overlap Allowance [mm]

If the distance "Aw" between the workpieces detected next and previously is
smaller than the overlap allowance (mm), the system interprets that the next and
previous workpieces are the same workpiece, and ignores the next workpiece.

[

-

Next Workplece Previous workplece

3.3.9 Capture Width [mm]

Specify the width of an image captured by the vision sensor.

Vision sensor

Capture area

%

- » } Width of capture (mm) I

STE80866
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3.3.10 Calibration Reference Position (X)

3.3.11 Calibration Reference Position (Y)

The calibration reference position (X, Y) is any position in the world coordinate
system, which is located on the calibration reference line. By registering this
reference position, it is possible to make the robot controller recognize the
relationship between the capture area reference line of vision sensor and the
calibration position.

For the calibration reference position (X, Y), specify the position (X, Y) in mm in
the world coordinate system of the robot. (For the setting procedures, see Para.

4.3)
Vision sensor
Calibration reference
position (X, Y)
. Calibration
Reference line sheet
of capture area
Calibration
reference V4
line \L,l
y 4
y 4 prd

ﬁ P1

Calibration Offset (mm)

\ 4

3.3.12 Dummy Data

Data format : Real number type

Area reserved for the system.

STE80866
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Section 4

Setting Vision Sensor

This section describes the various setting procedures on the vision sensor side to
perform communication between the vision sensor and robot controller TS3000

(TS3100).

4.1 Trigger Signal and Data Transmission Process

Set the vision sensor so that the trigger signal and data can be transmitted to the
TS3000 (TS3100) according to the following process.

Vision sensor

[1] Capture I

A

Data type

Description

short

No. of data

float

X coordinate data of w orkpiece 1

float

Y coordinate data of w orkpiece 1

float

C coordinate data of w orkpiece 1

short

Additional data 1 of w orkpiece 1

short

Additional data 2 of w orkpiece 1

short

Additional data 3 of w orkpiece 1

float

X coordinate data of w orkpiece 10

float

Y coordinate data of w orkpiece 10

float

C coordinate data of w orkpiece 10

short

Additional data 1 of w orkpiece 10

short

Additional data 2 of w orkpiece 10

short

Additional data 3 of w orkpiece 10

Char

"CR" (End code)

_TS3000

Robot Controller

TOmHINA MACHINE
]

[2] Trigger signal

POWER ©

[3] Data transmission
Ethernet (TCP) ‘@

- -
sze | Wo
SEsls nD‘EWD
EEE] [ = } = ‘@]
3 “2| O
o ) ==

[1] Capture

[2] Trigger signal

[3] Data transmission

/I_ION

C

ON

10 msec or over
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[1] The vision sensor captures a workpiece.

[2] The trigger signals is output to the robot controller.
(It is ideal that the trigger signal is output with the timing that the vision sensor
has obtained coordinate data.)

[3] Coordinate data are sent to the controller via Ethernet.
(Send the data more than 10 msec after the trigger signal is sent.)

4.2 Transmit Data Format

The data format is predetermined as shown below.

Data type Name Description
[ Integer Num No. of data
Real number X X coordinate data of workpiece 1 Workpiece
Real number y Y coordinate data of workpiece 1 coordinate
: : data (X, Y, C)
Real number c C coordinate data of workpiece 1
Integer Optl Additional data 1 of workpiece 1 Workpiece
Max. 10 Integer Opt2 Additional data 2 of workpiece 1 additional data
(per each < Integer Opt3 Additional data 3 of workpiece 1 (workpiece
type, etc.)
capture) : . :
Real number X X coordinate data of workpiece 10
Real number Y Y coordinate data of workpiece 10
Real number c C coordinate data of workpiece 10
Integer Optl Additional data 1 of workpiece 10
Integer Opt2 Additional data 2 of workpiece 10
Integer Opt3 Additional data 3 of workpiece 10
Char "CR" "CR" (End code)
[1] Dataformat :ASCIl code
[2] Delimiter : Separation by comma (,)
[3] End code : CR (End code)
<Example format>
i0 , 4000 , 500 , 0O , 1, 2, 3 , ... , CR
No. of data Workpiece 1 Workpiece 1 additional End code
coordinates (X, Y, C) data (1 ~ 3)
STE80866
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< MAXISMUM Number of reception data >

sent,

10 workpiece data can be sent by one transmission. The error
"001-178: VCV Comm data format error" occurs when over 10 data is

and the sent data is canceled automatically. Robot doesn’t stop
even if this error occurs.

< Work Data sorting function >

Robot picks workpieces romdamly if the order of the reception of data is

random. The workpiece data sorting function is effective to process the
workpiece from the downstream of the conveyer sequentially.

"Workpiece data sorting function™ is a function to rearrange the order of the

received data from downstream to upstream of the conveyor. So the robot can
process sequentially from the downstream of the conveyor, that As the robot can
process an optimal picking without wasted motion.

Upstream Conveyor Vector

(Flow Direction) Downstream

.o
.
4 B
-
-
e‘ “
Y
.
)

4 Sort ! N
o_® 4

R

Conveyor Vector
Upstream (Flow Direction) Downstream

©
®

.

e

Please enable this function referring to the paragraph of "3.3.2. data
sorting (rearrange) function”.

-64 -
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4.3 Calibration Procedures

"Calibration” is the work for registering the robot's coordinate system in the vision
sensor. When the calibration is executed, using the vision sensor, all coordinates
sent from the vision sensor are based on the world coordinate system of the robot.

4.3.1 Determining vision sensor capture position
Determine the capture position of the vision sensor.

Vision sensor

()

&M

4.3.2 Preparing calibration sheet

Cut off the calibration sheet )(*) according to the size and width of the
conveyor and place it on the capture position.

Vision sensor Y\/{,——
ﬁ. ' 5

Calibration sheet

® For the calibration sheet, copy and use the sheet in Para. 4.5.

STE80866
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4.3.3 Setting capture area

Set the capture area to a desired size on the vision sensor setting display.
At this time, fine-adjust the capture area so that it can align with the reference
lines of the calibration sheet.

Vision Sensor Setting

A

Capture area

N

Conveyor
vector

Adjust the
capture area in
order to align
with reference
line.

' —___ Calibration
sheet

vee0ee
e0 000
L

(Caution)

The capture area of the vision sensor should be set to an appropriate width
based on the workpiece size, conveyor speed, vision sensor specifications
and performance. (If many workpieces have been captured at once, using
the vision sensor with low processing ability, the analysis time of the vision
sensor becomes long and data transmission to the robot controller may be
delayed.)

STE80866
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4.3.4 Register of vision sensor calibration points

Select and determine four (4) reference points (P1 ~ P4) from a group of
points on the calibration sheet, then register them in the vision sensor.

Vision Sensor Setting

Reference line
of capture area

™~ Capture area

Conveyor
vector

STE80866
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4.3.5 Register of calibration offset (mm)

Register the calibration offset (mm) of conveyor parameter "[C01] Vision +
Conveyor Tracking Parameter" in the following manner.

(Caution)

Before registering the calibration offset, be sure to stop the operation. (If itis
executed during programmed operation, target motion positions of the robot
will change.)

* Press the <UTILITY> key followed by the [CONV] (F4) key to start up the
conveyor utility.

* Open the conveyor synchronization utility (VISION+CV_PAR1) display on
page 2, and the following display is called.

(VCV _PAR1) <CH1> <CH?2> /7
Cur P o s * * * x % * * % * x Kk K * * Kk %
Ca||_b Of st * ok ok ok ok Kk Kk * K* Kk *x * * * %
Detec? Str * Kk *x x % * Kk % * *x Kk * * * Kk *
Detect_End * ok X %% * ok ok * Kk Kk Kk % * Kk ok
Sync L|_m|t * * * * *x * k% * % *x *x * * Kk %

* Move the conveyor to a position where the robot can reach the calibration
sheet.

Vision sensor

Calibration
reference line

Calibration

Reference line sheet

of capture area

Calibration Offset (mm)

) 4

STE80866
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e After the conveyor has moved to the position where calibration is to be
done, stop the conveyor and press the [HERE] (F2) key. Now, the
calibration offset (mm) has been registered. ( To make the set value valid,
reset the program, then run the program again.)

e To change the value directly, press the <EXE> key. Then the numerical
input mode takes effect. Enter a desired numerical value directly through
the teach pendant, press the <EXE> key again.

(VCV_PART1) <CH1> <CH2> 7
Cur POS .***** * * % *****.***
Calib ofst [IEREEERE -+ +*
Detect Str-*****.*** *****.***
Detect End:*****.*** *****.***
SynC_LImIt *****_*** *****.***

BEEEE CECC D D e |

e Align the end effector of the robot with P1 ~ P4, measure the X and Y
coordinates of P1 to P4 based on the world coordinate system, then
register these values in the vision sensor.

STE80866
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4.3.6 Register of calibration reference position

Register the calibration reference position (X, Y) of conveyor parameter
"[C01] Vision + Conveyor Tracking Parameter”.

e The calibration reference position (X, Y) is any position in the world
coordinate system, which is located on the calibration reference line.

e By registering this “reference position” and "calibration offset”, it is
possible to make the robot controller recognize the relationship between
the position of vision sensor and the world coordinate system of the
robot.

Vision sensor

Calibration reference
position (X, Y)

) Calibration
Reference line sheet

of capture area

Calibration

reference —
line

y 4
£
o

Calibration Offset (mm)

e As in the measurement of coordinate values of P1 to P4 made in Para.
4.3.5 above, move the robot tip to any position on the calibration reference
line and set the coordinate value (X, Y) of this position in the parameter.

e Set the master mode key switch to "MANU", press the [EDIT] (F1) key,
select "CONVEYOR.PAR", open the conveyor parameter display and edit
the following parameters.

[CO1] Vision + Conveyor Tracking Parameter

{Calibration reference position X}
=0.0 0.0

{Calibration reference position Y}
=0.0 0.0

STE80866
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4.3.7 Setting capture interval (sec) of vision sensor

Specify the time intervals (sec) at which the vision sensor captures data.

* Press the <UTILITY> key followed by the [CONV] (F4) key to start up the
conveyor utility.

* Open the conveyor synchronization utility (VISION+CV_MON1) display on
page 4, and the following display is called.

(VCV_MONT1) 4/ 17
Trk_Cnt/Num * % % / * ok *
Top/Head/Tail * % % / * % % / * % *
Cur Wrk/Trk : * % % / * ok %
ITrg_lntervaI : * % % * x _ k ¥ % (mm ) |

Trg_Interval : Trigger interval (mm)
The conveyor travel distance until the current trigger signal is accepted after the

previous trigger signal is displayed in mm. Adjust the capture interval (sec) of the

vision sensor so that this trigger interval (mm) can be identical with the value of

"Capture width (mm)" of "[C01] Vision + Conveyor Tracking Parameter".

Vision sensor T\ /,,/

Capture area

¥

(Caution) Unless the capture interval (sec) is set properly, the following
phenomenon will occur.

* The capture interval is too long. — Missing of workpiece.

» The capture interval is too short. — Duplicated detection of workpiece.

- - } Capture width (mm)
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71 -



TSBOOOseries Robot Controller

"VISION SENSOR + CONVEYOR"SYNCHRONIZATION FUNCTION

4.4 Tracking Data

When the robot controller has detected the trigger signal sent from the vision
sensor, it creates the tacking data internally and automatically. Up to 100 tracking
data can be saved. (The number of capture data that can be saved varies with

the capture width and conveyor length. Design the system so that the number of
capture data will not exceed the maximum number.)

Vision sensor

o ® le
o o 9 Conveyor
e P (1] (1) (1 vector
31 30 e 18 17 16 15 14
‘ \
Tracking data [15] Tracking data [17] Tracking data [16]
Capture area - - -
reference line No. of workpieces No. of workpieces No. of workpieces
Tracking data Tracking data Tracking data
move distance move distance move distance
Workpiece data Workpiece data Workpiece data
[0] ~ [9] [0] ~ [9] [0] ~ [9]
\
Y Y

Workpiece data (0) Workpiece data (1) Workpiece data (9)

X coordinate data X coordinate data X coordinate data

Y coordinate data Y coordinate data Y coordinate data

C coordinate data C coordinate data C coordinate data

Additional data 1 Additional data 1 Additional data 1

Additional data 2 Additional data 2 Additional data 2

Additional data 3 Additional data 3 Additional data 3

Each of these tracking data is assigned with an index number, as shown above.

The robot controller tracks the workpiece position on the conveyor by using such
tracking data.

STE80866
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<Contents of tracking data>
[1] No. of workpieces
No. of workpieces collected during one (1) count of capture.

[2] Tracking data move distance
The move distance of tracking data as viewed from the capture area
reference line is saved.

[3] Workpiece data 0 ~9
Workpiece coordinates and other information sent from the vision sensor are
saved here. (They are created for each collected workpiece.)

STE80866
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4.5 Calibration Sheet
Copy this sheet, cut it off to a desired size and use it for the calibration purpose.

000000
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Section 5

Programming and Teaching

This section describes the programming method when executing the "vision sensor +
conveyor" synchronization function.

5.1 Exclusive Language for Previous Conveyor Synchronization

The commands used for the previous conveyor synchronization function are tabled

below.
Command Function
CONV Defines the conveyor synchronization parameters.
SYNC Starts the conveyor synchronization.
UNSYNC Finishes the conveyor synchronization.
XIN Monitors the encoder cable breakage.
CNVSTAT | Accesses the information on conveyor synchronization status.

-75-
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CONV

Function . Defines the conveyor synchronization parameters.

Format : CONV (<Number>, <Position 1>, <Position 2>, <Real
number 1>, <Real number 2>, <Real number 3>)

Example : CONV (N, A, B,C,D,E)
Explanation . Defines the parameters required for conveyor
& caution synchronization.
Workpi Rob .
detection waitng Robot moton
position position finish position
C D D D D
Constant-speed interval
‘>
AB
+—&—

Robot A
speed

T: Conveyor
move time

-
T T T Lol

<Number; N> conveyor channel number
This controller allows synchronization of conveyors on a total of
two (2) lines. Specify the channel number for desired conveyor
synchronization.

STE80866
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<Position 1; A> Conveyor vector start position (position type data)
Specify the start position of conveyor vector.
(Only vector type position data can be specified.)

<Position 2; B> Conveyor vector end position (position type data)
Specify the end position of conveyor vector.
(Only vector type position data can be specified.)

(Caution)

The parameters given above (i.e., <Position 1; A> and <Position 2; B>) are
handled in a different manner between the previous conveyor synchronization
function and "vision sensor + conveyor" synchronization function, as shown
below.

Previous conveyor

synchronization When the conveyor has moved by |AT§| after

synchronization, the conveyor synchronization finishes.

"Vision sensor + When the robot apex position has passed the conveyor
conveyor" synchronization limit point in the figure below, the
synchronization conveyor synchronization finishes.

Conveyor .
End point of synchronization
workpiece limit point

detection area

Start point of
workpiece
detection area

Capture
area

Workpiece
detection area

* When program language "UNSYNC" has been executed, or program reset
has been effected during program stop, the conveyor synchronization
finishes.
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<Real number 1; C> Conveyor synchronization delay distance (mm)

This parameter should be specified to compensate for the
physical synchronization delay. If this value is too large,
however, an error will occur. To avoid this, this value should be
used for fine adjustment and the system should be configured so
as to minimize this distance, where possible.

<Real number 2; D> Conveyor synchronization acceleration/deceleration

distance (mm)
Specify the acceleration/deceleration distance (unit: mm)
required for conveyor synchronization.

<Real number 3; E> Travel distance per pulse of encoder (um)

This parameter is the same as conveyor parameter "[COO]
Conveyor Parameter (Travel value per pulse of encoder)". For
how to figure out the value, see Para. 3.2.6.

This parameter can be omitted.
* When it is omitted (or E = 0), the conveyor parameter value
is used instead.
* When the value of the conveyor parameter is zero (0), the
value of "CONV (....E) is used.

(Caution)

When the value of the conveyor parameter is 0.0 with the E
parameter omitted (or E = 0), the error saying "002—-033
Conveyor Parameter Error” occurs at the time of program
execution and the robot stops.

(Cautions)

Once defined, the conveyor synchronization parameter data are stored in the
internal memory until the controller power is turned off. To change the
conveyor synchronization parameter value, be sure to describe the new CONV
command and reset.

Zero (0) can be specified for each of parameters C and D. When D
(acceleration/deceleration distance) = 0, however, the synchronization speed of
the robot is sharply increased to the conveyor speed, as shown below, which
results in an excessively large load exerted on the robot.
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0 1 2 3 4 5 6 7 8
Total travel distance for conveyor synchronization
,i Conve!yor Vecto£r B
g > K
D D | |. D D |

Constant-speed interval
Robot motion

Trigger signal  Robot waiting
finish position

position position

Synchronization
speed of robot

T: Conveyor move time

T T Ll

3 4 5 6 7 8

Oﬂ 1 2 3 [4

Total travel distance
for conveyor synchronization

Conveyor Vector

Robot waiting position |

Robot motion
finish position

Trigger signal position
Constant-speed interval

|

Synchronization [
speed of robot [|———

T: Conveyor move time

| | | [
-

WhenC=D=0
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SYNC

Function . Starts the conveyor synchronization.
Format . SYNC (<Number>, [<Stop judgment time>])
Example : SYNC (N, T)
Explanation : This command is handled in a different manner
& caution between the previous conveyor synchronization
function and "vision sensor + conveyor"
synchronization function, as shown below.

Previous conveyor | At the same time that the trigger signal has turned on,
synchronization conveyor synchronization starts.

"Vision sensor +
conveyor"
synchronization

Start point of
workpiece
detection area

. End point of Conveyor
detV\éOcrtli(gr;egreea workpiece synchronization
detection area limit point

Capture
area

* When a workpiece is present in the workpiece detection
area, conveyor synchronization starts.

When VCSEEK1 ~ 3 ("vision sensor + conveyor"
synchronization detecting conditions (data on type of
workpiece and workpiece status) is used, it is possible
to start synchronization by detecting only workpieces of
specified type. (For details, see the descriptions on
VCSEL1 ~ 3 given later.)
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<Number; N> Specify the channell number of the conveyor to be synchronized.
Either 1 or 2 can be designated.
A constant or variable of scalar type data can be used.

<Stop judgment time; T>
Specify the conveyor stop judgment time. Unless this value is
specified, the stop judgment is executed according to the value of
conveyor parameter "[C00] Conveyor Stop Judgment Time".

* Unless the conveyor synchronization parameters are defined by the CONV
command, an error occurs when this command is executed.

* When starting the "vision sensor + conveyor" synchronization, be sure to
describe the SYNC command at the beginning and the UNSYNC command at
the end of the synchronization. Otherwise, an error occurs when this
command is executed.

* Nesting is not possible for the SYNC command or UNSYNC command.

» If the stop operation is executed during waiting for workpiece detection, the
conveyor synchronization will not start and the program stops. To restart the
program, be sure to perform the reset operation, irrespective of the execution
state (reset, retry or continue), then execute the program. For details, see
Section 6.
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/!\ CAUTION

Motion Commands during the conveyer synchronization

Following 4 motion commands are available during the conveyer
synchronization

MOVES :Straight line interpolation

MOVEC :Circular interpolation

MOVE :PTP(point to point) motion command
MOVEJ :Arch motion command

MOVE or MOVEJ motion commands make more high-speed handling
possible even during the conveyer synchronization. Please be careful for
following point.

e CONFIG (the posture of the robot-arm) can't be changed during the
conveyer synchronization.

e A "002-069 : CONFIG Error" occurs when the value other than FREE ,
or the value which was different from CONFIG of the previous
movement is specified with CONFIG.

e When MOVE or MOVEJ movement is executed, the trajectory is formed
so that the joint with the longest time of the movement time moves at
the maximum speed (if speed=100).

And, the conveyer speed is added to the movement speed during
the conveyer synchronization, Therefore, movement direction of the
axis aligns with the conveyer movement direction, "8-041~5 Axisl - 5
Exceed Speed" or "8-071~5:Axis1- 5 Motor speed over" occur. In this
case, lower the movement speed of the robot by using the SPEED
command.
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UNSYNC
Function . Finishes the conveyor synchronization.
Format : UNSYNC (<Number>)
Example : UNSYNC (N)
Explanation : The conveyor synchronization finishes.
& caution

<Number; N> Specify the channel number of the conveyor for which

synchronization is to be finished.

When a value other than zero (0) is specified for the acceleration/deceleration
distance for conveyor synchronization [<Relative distance 2; D], the robot
decelerates and stops while the conveyor moves by "D" from the timing of this
command execution.

When the robot hand tip has reached the conveyor synchronization limit point
during conveyor synchronization, the conveyor synchronization finishes
automatically, irrespective of description of the UNSYNC command. (This
does not mean that the UNSYNC command is unnecessary. Rather, the robot
movement synchronized with the conveyor speed is stopped to assure the
safety.)

Unless this command is used together with the SYNC command described on
the preceding pages, an error occurs.
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XIN
Function . Monitors the encoder cable breakage.
Format . XIN (<Signal name>)
Example : ON XIN(1) DO GOTO L100
Explanation . Breakage of the encoder cable is monitored. Ifa
& caution fault is detected, it is informed.

<Number; N> Specify the logical number of the conveyor for which encoder
cable breakage is to be monitored.

» This command is used to instantly detect a cable breakage. Use this
command together with the ON command so that cable breakage can be
detected at any time.

*  When the ON-DO command is used together with this command, the number
of counts that can be simultaneously monitored should not exceed ten (10). If
the value exceeds ten (10), an error occurs and the robot program stops
accordingly.

» To cancel the monitoring of encoder cable breakage, use the IGNORE
command.
This command can be used together with the IF command and WAIT
command.

» If the encoder cable has broken, the error saying "001-047 Conveyor Line
Breakage" occurs. The robot will not stop, however, and continuously move,
synchronized with the conveyor (encoder) speed effective just before the
detection of cable breakage.

» The error of "001-047 Conveyor Line Breakage" is not reset as long as the
power is turned off. When this error has occurred, turn the power off, identify
and remedy the broken cable, then turn the power on again.
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(Cautions)

* Even if an encoder cable breakage has been detected during conveyor
synchronization, the robot continues tracking the conveyor at the same speed
because it memorizes the speed just after the cable breakage.

» If the above error (001-047) has occurred, however, be sure to recess the
robot to the safe place. If the operation is continued without taking any
necessary steps, the robot and workpiece, or conveyor may collide. Recess
the robot to the safe place by referring to the retraction program listed below.

Sample
program

PROGRAM XINSAMPLE
CONV (1, A, B, 40.0, 10.0)
LOO0O:

ON XIN(1) DO GOTO L100 Monitoring of encoder cable breakage before the start
of synchronization.

(The monitoring should be cancelled just after the XIN
command. Breakage detection check cannot be
executed.)

IGNORE XIN (1) Cancel of monitoring before the start of
synchronization.

SYNC (1)

ON XIN(2) DO GOTO L200 Monitoring of encoder cable breakage during
synchronization.

IGNORE XIN (2) Cancel of monitoring during synchronization.
UNSYNC (1)
GOTO LO0O
L100:
PRINT "C/V ERROR (1), CR
STOP
L200:
MOVES P1 After the robot is recessed to the safe position with the

linear interpolation control command, program
execution stops.

UNSYNC (N)
PRINT "C/V ERROR (2)", CR
STOP

END
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CNVSTAT

Function . Accesses the information on conveyor
synchronization status.

Format : CNVSTAT

Example . WAIT CNVSTAT>=4
ON COVSTAT <>4 BREAK DO GOTO L1

Explanation :  The information on conveyor synchronization status
& caution is accessed.
i Rob -

V(\ilgttstlif;e W;tir?; Robot motion

position position finish position

C.|.D D D D

Constant-speed interval
—>
AB
+—&— '

R e o e o

A

Robot speed

T: Conveyor move time
»

T T T -
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Conveyor status table

Conveyor asynchronization

Signifies that the conveyor is not
synchronized. (As this command can be
used only after execution of the SYNC
command, "1" is not set actually in the
program.

Waiting for trigger signal

The conveyor is waiting until the trigger
signal is turned on.

Conveyor moving in delay
interval

The conveyor is moving in the delay
interval.

Conveyor moving in
acceleration interval

The conveyor is moving in the
acceleration interval. During this time,
the robot catches up with the conveyor
speed.

Conveyor moving in
constant-speed interval

The conveyor is moving in the
constant-speed interval.

The robot is moving by tracking the
conveyor.

Handling of a workpiece on the conveyor
should be performed while CNVSTAT = 4.

Conveyor moving in
deceleration interval

The conveyor is moving in the
deceleration interval. During this time,
the robot catches up with the conveyor
speed.

Finish of conveyor
synchronization

The conveyor synchronization has
finished, and the conveyor is waiting for

the UNSYNC command.

Cautions:

This command can be used during conveyor synchronization (i.e, after the
SYNC command is executed).

A value cannot be substituted for CNVSTAT.

Only when the CNVSTAT conditional statement is used as the ON condition,
the BREAK and PAUSE commands can be used.
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Sample
program

PROGRAM MAIN
CONV (1, A, B, 100.0, 200.0)
MOVE P1
SYNC (1)
WAIT CNVSTAT >=4
MOVES P2
MOVES P3
WAIT CNVSTAT >=6
UNSYNC (1)

END
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5.2 "Vision Sensor + Conveyor" Exclusive Language

For the "vision sensor + conveyor" synchronization function, five (5) exclusive
commands are newly added. By using these commands, it is possible to easily
create any complicated "vision sensor + conveyor" application program.

Command Example of statement Description

VCFUNC VCFUNC=0N Data receiving start switch

ON: Receiving of data from the
vision sensor starts.

OFF: Receiving of data from the
vision sensor finishes.

VCPOS MOVES VCPOS Target motion position during
MOVES VCPOS+POINT(,,100) | "yision sensor + conveyor"

synchronization.

All target positions during "vision
sensor + conveyor" synchronization
are calculated internally and
automatically, which are set then in
this system variable.

VCSEL1 ~3 |VCSEL1=1 Used to specify the next workpiece
VCSEL2=0 detecting conditions by means of
VCSEEK or SYNC command.
VCWSTATL ~ 3 | IF VCWSTAT1==1 Used to refer to additional
THEN GOTO LP information of currently detected
workpiece.
VCSEEK IF VCSEEK==ON THEN ~ (A) Used to reply the presence or

absence of next workpiece
satisfying the detecting
conditions (VCSEL1 ~ 3) in
the workpiece detection area.
(ON: Next workpiece present.
OFF: Next workpiece absent.)

(B) If the next workpiece exists, its
target motion position is set in
VCPOS.
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Command

Example of statement

Description

SYNC(N)
N: Channel number

SYNC(1)

Conveyor synchronization start
command.

When the workpiece has entered
(or already entered) the conveyor
synchronization permit area,
conveyor synchronization starts.

(Previous system: At the same
time that the synchronization
start trigger signal has turned on,
conveyor synchronization starts.)
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VCFUNC

Function

Format

Example

Explanation
& caution

Data receiving start switch for "vision sensor +
conveyor" synchronization function

: VFUNC = <Value>

: VFUNC = ON

: ON: Receiving of data from the vision sensor starts.

OFF: Receiving of data from the vision sensor ends.

*  When VCFUNC = ON, receiving of data sent from the vision sensor starts.

» After input of trigger signal has been detected, analysis of received data starts.
For details, see Para. 4.1.

*  When VCFUNC = OFF, receiving of data sent from the vision sensor ends.

(Caution)

e Even when VFUNC = OFF, conveyor synchronization will not finish.

e Aslong as the work received at "VCFUNC=ON" remains on the
conveyer, the conveyer synchronization is continued.

e To cancel the data of a workpiece now on the conveyor, stop the

program, then reset it.
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Sample
program

PROGRAM VCPROG1

VCFUNC = ON
CONV(N, A, B, C, D)
LP:

SYNC(1)

UNSYNC(1)

GOTO LP

VCFUNC = OFF
END

Receiving of data starts.

If a workpiece exists in the workpiece detection area,
synchronization starts.

Synchronization ends.

Receiving of data finishes.
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VCPOS

Function . Target motion position (system variable) exclusively
used for "vision sensor + conveyor" synchronization
function

Format : MOVES VCPOS
Example . MOVES VCPOS
MOVES VCPOS + POINT (,, 100)
PO = VCPOS
Explanation . Specifies the target motion position during "vision
& caution sensor + conveyor” synchronization. The workpiece

in the optimal position is automatically selected from
the on the conveyer, and its position data set to
VCPOS.

Caution 1:

Caution 2:

Caution 3:

VCPOS signifies the target motion position which is exclusively used
in the "vision sensor + conveyor" synchronization function. NEVER
use it in other than the "vision sensor + conveyor" synchronization
(i.e., between the SYNC and UNSYNC commands). Otherwise, the
robot may move to an unexpected position, or the alarm saying
"002-079: PointOutOfRange" occurs.

VCPOS is the position data which is selected from the current
conveyer channel.

Only reading of this system variable is possible. Writing is not
allowed.

» Data structure:
VCPOS is the position type variable. The format is the same as that of the
position type variable (X, Y, C, Z, T, Configuration).

* Initial value:
The initial value of VCPOS target motion position is "0.0" for allof X, Y, C, Z, T
and configuration.
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» Detection timing and set value of VCPOS:
If a workpiece has entered or already entered the workpiece detection area
after execution of SYNC command or VCSEEK command, a workpiece located
most downstream in the area is detected and this coordinate position is set in

VCPOS.
Vision sensor
Track No.
Workpiece detection area
- 5 4 3 2 1
@ ® o |Of @
@ @ ~ 1]
Y

Conveyor forward direction . j
Workpiece No.

e Calculation using VCPOS:
It is possible to specify the target position which is offset from this target
position, using the POINT command.

Example)  MOVES VCPOS+POINT(, , 25)
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Sample
program

PROGRAM VISCONV2

CONV(1, A, B, 0, 0)
VCFUNC=ON
MOVE A

SYNC(1)

MOVES VCPOS+POINT(, , 100)

MOVES VCPOS

MOVES VCPOS+POINT(, , 100)

UNSYNC(1)
MOVE HOME+POINT( , , 50)
MOVE HOME

MOVE HOME+POINT( , , 50)
WAIT MOTION >=100
PRINT 10.0-TIMER, CR

END

Random pick-and-place program

Moves to waiting position.

If a workpiece exists in the workpiece detection area,
synchronization starts.

Moves to the position above the workpiece position as
detected by SYNC command.

Moves to the workpiece position detected by SYNC
command.

Picks up the workpiece.

Moves to the position above the workpiece position as
detected by SYNC command.

Conveyor synchronization end.

Places the workpiece.
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/!\ CAUTION

Motion Commands during the conveyer synchronization

Following 4 motion commands are available during the conveyer
synchronization

MOVES :Straight line interpolation

MOVEC :Circular interpolation

MOVE :PTP(point to point) motion command
MOVEJ :Arch motion command

MOVE or MOVEJ motion commands make more high-speed handling

ossible even during the conveyer synchronization. Please be careful for
following point.

e CONFIG (the posture of the robot-arm) can't be changed during the
conveyer synchronization.

e A "002-069 : CONFIG Error" occurs when the value other than FREE ,
or the value which was different from CONFIG of the previous
movement is specified with CONFIG.

¢ When MOVE or MOVEJ movement is executed, the trajectory is formed
so that the joint with the longest time of the movement time moves at
the maximum speed (if speed=100).
And, the conveyer speed is added to the movement speed during
the conveyer synchronization, Therefore, movement direction of the
axis aligns with the conveyer movement direction, "8-041~5 Axisl - 5
Exceed Speed" or "8-071~5:Axis1- 5 Motor speed over" occur. In this
case, lower the movement speed of the robot by using the SPEED
command.
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VCSEEK

Function :  Command for confirming next workpiece presence
or absence and detecting next workpiece.

Format : VCSEEK == <ON> or <OFF>
Example : IF VCSEEK == OFF THEN GOTO LP1
Explanation
& caution

The VCSEEK command is used to detect the next workpiece which is located
furthermore downstream from the currently detected workpiece during the
operation from workpiece detection to conveyor synchronization.

When VCSEEK is executed, the system retrieve whether the next workpiece is
exist in the detection area. The position data of next workpiece is set to
VCPOS.

This function is effective when the robot picks up two (2) or more workpieces
while it is tracking the conveyor.

Currently detected
workpiece

U )
B Conveyor vector
Next workpiece

When VCSEL 1 ~ 3 (conditions for detecting "vision sensor + conveyor"

synchronization, such as workpiece type and workpiece status) is used, it is
possible to discriminate and group the workpieces of specified type alone.
For details, see the descriptions on VCSEL1 ~ 3 given later.
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¢ The role of VCSEEK:

A) Judgment of next workpiece presence or absence

Replies the presence or absence of the next workpiece in the workpiece
detection area during conveyor synchronization.

Next workpiece is present. = VCSEEK == ON
Next workpiece is absent. = VCSEEK == OFF

B) Updating target motion position "VCPOS"

When the next workpiece is present, its target motion position is set in
VCPOS.

Caution 1:

Caution 2:

Caution 3:

Caution 4:

Caution 5:

Caution 6:

As shown in the table below, this function can be used together with
IF statement (condition judgment command). It cannot be used
jointly with WAIT command or ON command, however.

Condition judgment command Use
IF VCSEEK == ON THEN GOTO LP Permitted
WAIT VCSEEK == ON Prohibited
ON VCSEEK == ON DO - Prohibited

The VCSEEK command functions normally only during the "vision
sensor + conveyor" synchronization mode (SYNC ~ UNSYNC).

This command can be used during conveyor synchronization after
processing of SYNC command.

Only reading of this system variable is possible. Writing is not
allowed.

After execution of VCSEEK command, only reading of this system
variable is possible. Writing is not allowed.

VCSEEK is executed against the current channel of conveyor.
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Sample
program program

Multiple-workpiece (four (4) pcs.) pick-and-place

PROGRAM VISCONV2B
ENABLE NOWAIT

PASS = 60
VCFUNC = ON
CONV(1,A,B,0,0)

MOVE HOME + POINT(,,OFST)
SYNC(1)

1=0

LP: «

If the number of
workpieces exceeds
the maximum value,
conveyor
synchronization

USNC:

END

I=1+1
ENABLE PASS
MOVES VCPOS + POINT(,,OFST)
DISABLE PASS

If next workpiece exists,
the robot moves to the

MOVES VCPOS . o

wekxk PICK-UP WORK PIECE *+# next workpiece position.
If no, conveyor

DELAY 0.1

synchronization finishes.
ENABLE PASS

MOVES VCPOS + POINT(,,OFST)

WAIT MOTION >= 100

IF | >=4 THEN GOTO USNC

IF VCSEEK == ON THEN GOTO LP
‘Conveyor synchronization end

UNSYNC(1)

MOVE PO + POINT(,,OFST)

DISABLE PASS

MOVE PO

DELAY 0.1

xkkk PLACE WORK PIECE *****

ENABLE PASS

MOVE PO + POINT(,,OFST)

DISABLE PASS

MOVE HOME + POINT(,,OFST)

Currently detected
workpiece

U B‘/U
Ej Next workpiece
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VCSEL1 ~ 3

Function Designation of conditions for detecting "vision sensor
+ conveyor" synchronization (workpiece type and
workpiece status).
Format : VCSEL1 = <Integer>
Example : VCSEL1=10
Explanation . The TS3000 (TS3100) controller can receive three (3)
& caution different workpiece additional information from the
vision sensor. It is possible to identify only desired
workpieces by applying the detecting conditions of
VCSEL1 ~ 3 to this additional information.
(This function is useful when sorting and detecting
workpieces.)
Caution 1: Only reading of this system variable is possible. Access is not allowed.
Caution 2: Joint use of this command with motion command by using WITH statement

is not allowed.

Caution 3: VCSEL1-3 set the detecting condition to the current conveyor channel.

 Workpiece data format:

The format of workpiece data that can be received from the vision sensor is
predetermined, as shown below. (For details, see Para. 4.2.)

Name

Description

X coordinate data of workpiece

Y coordinate data of workpiece

C coordinate data of workpiece

Additional data 1 of workpiece

Additional data 2 of workpiece

III | ><

Additional data 3 of workpiece
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Among the above six (6) elements, Optl to Opt3 are the additional information
which can be specified for each workpiece by the user at his or her discretion.

Example) Optl: Workpiece type data 1 (Workpiece profile)
Opt2: Workpiece type data 2 (Color information)
Opt3:  Workpiece quality data 3 (Workpiece accepted, rejected,
etc.)

e Howtoset VCSEL]1 ~ 3:

Name Description
X X coordinate data of workpiece
y Y coordinate data of workpiece
C coordinate data of workpiece

Additional data 1 of workpiece |[Pimd VCSEL1

Additional data 2 of workpiece <+—» VCSEL2

Additional data 3 of workpiece +t— VCSEL3

As shown above, Optl to 3 are linked with VCSEL1 to 3, respectively.

If the number identical with the workpiece additional data number as shown
above is programmed beforehand, only workpieces belonging to specific type
or satisfying specific conditions can be detected when detecting workpieces,
using the SYNC or VCSEEK command.

For instance, assume that the following data are set in workpiece additional

data 1 ~ 3.
Optl : Type of workpiece (1: Round, 2: Square)
Opt2 : Color of workpiece (1: White, 2: Black)
Opt3 : Workpiece status (1: OK, 2: NG)

Now, when the following three (3) conditions are programmed,
VCSEL1=1 Round workpiece
VCSEL2=2 Black workpiece
VCSEL3=1 NG workpiece
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in the detection command (SYNC command or VCSEEK command) to be
executed after this, only workpieces satisfying all conditions of VCSEL1 to 3 are
collected.

Vision sensor Workpiece detection area

Workpiece currently
detected

| e mg ‘@.Ol

O
O © o N O
[ conveyor forward directio> Next workpiece

« How to set "free status" for VCSEL1 to 3:

When zero (0) is specified for VCSEL1 ~ 3, the free status mode takes effect
and conditional detection is not executed.

For instance, assume that the following data are specified for workpiece
additional data 1 ~ 3.

Optl : Workpiece type data 1 (Workpiece profile = 1: Round, 2: Square)

Opt2 : Workpiece type data 2 (Color information 1: White, 2: Black)

Opt3 : Workpiece quality data 3 (Workpiece accepted, rejected, etc. = 1:
OK, 2: NG)

Example 1)  When detecting only black NG workpieces, neglecting
workpiece type data 1.:

VCSEL1=0  Workpiece type data 1 (Workpiece profile) — Free

VCSEL2=2  Workpiece type data 2 (Color information) — Black workpiece

VCSEL3=1  Workpiece quality data 3 (Workpiece accepted, rejected, etc.)
— NG workpiece
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Example 2)
1to3:

VCSEL1=0
VCSEL2=0
VCSEL3=0

— Free

Sample
program

PROGRAM VISCONV2

CONV(1, A, B, 0, 0)

VCFUNC=ON
MOVE A
SYNC(1)

MOVES VCPOS+POINT(, , 100)

MOVES VCPOS

MOVES VCPOS+POINT(, , 100)

UNSYNC(1)
MOVE HOME+POINT( , , 50)
MOVE HOME

MOVE HOME+POINT( , , 50)

END

Workpiece type data 1 (Workpiece profile) — Free
Workpiece type data 2 (Color information) — Free
Workpiece quality data 3 (Workpiece accepted, rejected, etc.)

Program for discriminating and detecting specified
workpieces

"1: Round" is set for detecting condition 1 (workpiece
profile).

Moves to waiting position.

If a round workpiece exists in the workpiece detection

area, synchronization starts.

Moves to the position above the workpiece position as
detected by SYNC command.

Moves to the workpiece position detected by SYNC
command.

Picks up the workpiece.

Moves to the position above the workpiece position as
detected by SYNC command.

Conveyor synchronization end.

Places the workpiece.

- 103 -
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VCWSTAT1 ~ 3

Function

Format

Example

Explanation
& caution

Refers to workpiece additional information
(workpiece type and status) of workpiece currently
detected.

VCWSTAT1

IF VCWSTAT1 ==1 THEN GOTO LP
PRINT VCWSTATS3, CR
A=VCWSTAT1

Each workpiece data has three (3) additional
information (workpiece type and status). Additional
information of currently detected workpiece can be
output to VCWSTATL1 ~ 3 by means of SYNC
command or VCSEEK command.

When VCWSTAT1 ~ 3 is used, workpiece of many
kinds running on the conveyor can be randomly
picked up and sorted out by type.

Caution 1:  Only access of this system variable is possible. Writing is not

allowed.

Caution 2:  Joint use of this command with motion command by using WITH

statement is not allowed.

Caution 3: VCWSTAT1-3 can refer the additional information from current
conveyor channel.
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PROGRAM VISCONV?2
CONV(L, A, B, 0, 0)
VCFUNC=ON
VCSEL1=0
MOVE A
SYNC(1)

CONFIG=LEFTY

MOVES VCPOS+POINT( , , 100)
MOVES VCPOS

DELAY 0.2

Hekkkx PICK-UP WORK PIECE *+#
MOVES VCPOS+POINT( , , 100)

UNSYNC(2) Workpiece additional data 1 of detected workpiece
is saved in variable "TYPE".

TYPE=VCWSTAT1

MOVE P(TYPE)+POINT(, , 50)

MOVE P(TYPE)

DELAY 0.2 Workpiece set position changes with the workpiece
it PLACE WORK PIECE #++ additional data number of detected workpiece.

MOVE P(TYPE)+POINT(, , 50)

WAIT MOTION >=100

PRINT 10.0-TIMER, CR
END
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% 2CH vision + conveyer SCOL language programming notes
Please make SCOL program taking care of following points.
1. The language that can be used for 1/2CH individual conveyer is as follows.
CONV(N), SYNC(N), and USYNC(N) (N: Channel number)

2. The common language for 1/2CH conveyer is as follows.
VCSEL1~3, VCFUNC, VCWSTAT1~3, VCSEEK, CNVSTAT

3. the language used together" becomes effective for the channel of
synchronized with now.

PROGRAM VCV2CH

Shkkkk (O ] kkkkk

VCSEL1 =1

VCSEL2 =1 Setting of calculation condition 1-3

VCSEL3 =1

CONV(1,A,B,C,D) CONYV parameter setting for CH1 conveyer

SYNC(1) CH1 conveyer work detection waiting

LP1:
MOVE VCPOS Move to target position detected from the CH1 conveyer.
PRINT VCWSTATIL, Display of work addition information 1-3

VCWSTAT2, VCWSTATS, CR

IF VCSEEK == ON THEN GOTO LP1 Retrive next work pice from CH1 conveyer

UNSYNC(1) Stop CH1 conveyer synchronization

Shkkkk (CH D Kkkkk

VCSEL1 =2

VCSEL2 =2 Setting of calculation condition 1-3

VCSEL3 =2

CONV(2,A,B,C,D) CONYV parameter setting for CH2 conveyer

SYNC(2) CH2 conveyer work detection waiting

LP1:
MOVE VCPOS Move to target position detected from the CH2 conveyer.
PRINT VCWSTATI1, Display of work addition information 1-3

VCWSTAT2, VCWSTAT3, CR

IF VCSEEK == ON THEN GOTO LP1 Retrive next work piece from CH2 conveyer

UNSYNC(2) Stop CH2 conveyer synchronization
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Section 6
Operation

6.1 Conveyor Synchronization Utility

This paragraph describes the conveyor synchronization utility function used in the
"vision sensor + conveyor" synchronization mode.
(A total of four (4) displays are available.)

6.1.1 Conveyor Synchronization Utility (CONV_MON)

This paragraph deals with the utility function for performing various monitoring
operations of the conveyor synchronization function.

[11-{CCONV_WON) <C 1 o[ CH > - WA
[2]->] Conv Form VISION_CV LINEAR
[31->] Conv Veloc :1-****_**x*x _xkx *&xx
[4]-] Conv Status: 0 0
[51->] Enc Pulse : 32767 32767
[6]-> Mes Pulse : 632417 0
[7]1->] Mes Trip o KRRk ok ok ok ok ok k| ok ok kX
MiES1 MVES2 |

[1] Trigger signal monitor:
When the conveyor trigger signal has turned on, <CH1> and <CH2> are
inversely displayed.
<CH1> : Trigger signal OFF
. Trigger signal ON

[2] Conv Form: Type of conveyor synchronization

LINEAR — Linear

ARC (+) — Arc (CW)

ARC (-) — Arc (CCW)

VISION_CV — Vision sensor + conveyor

[3] Conv Veloc: Conveyor speed

STE80866
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[4] Conv Status: Conveyor status
0 : During asynchronization

Waiting for synchronization signal
During synchronization delay
During acceleration for synchronization

During constant-speed for synchronization
During deceleration for synchronization
During processing of synchronization end
-1 : Conveyor breakage

o o1~ WDN P

[5] Enc Pulse: Pulse counter value of the conveyor encoder

[6] Mes Pulse: Total number of pulses of the conveyor encoder
When you press the [MES1] (F1) or [MES2] (F2) function key, measurement
of total encoder pulses starts.

[7] Mes Trip: Measured travel distance of the conveyor
Real travel distance of the conveyor is indicated in mm. When you press
the [MES1] (F1) or [MES2] (F2) function key, measurement of conveyor
travel distance starts.

STE80866
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® How to measure the total number of pulses of conveyor encoder and conveyor
travel distance:

(1) Pressthe [MES1] (F1) or [MESZ2] (F2) function key corresponding to the
channel (CH1 or CH2) through which you wish to measure, using the

cursor.

(CONV_WoN) < C 1o < C 2 > E
Conyv Form :VISITION_CV LI NEAR
Conyv Status 0 0
Enc Pulse : 32767 32767
Mes Pulse : 632417 0
Mes Trip :_****_*** - * * * * * * *
When you wish to count the number of pulses of CH1, press the
[MES1] (F1) function key.

(2) When you wish to count the number of pulses of CH1, press the
[MES1] (F1) function key. Likewise, when you wish to count the
number of pulses of CH2, press the [MES2] (F2) function key. After
moving the conveyor by "AL", press the [SET] function key.

(CONV _MON) (< cr 1> < c 2> EIAE]
Conv Formnm VISION_CV LINEAR
Conyv Veloec - % %k % %k k Xk %k - % %k %k ¥ %k Xk %k
Conyv Status 0 0
Enc Pul se 32767 32767
Me s Pul se 6 324117 0
Me s Trip - % % * % * ok ok - % % % * ¥k % *k
STE80866
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(3) Press the [SET] key, and the number of pulses measured "Mes Pulse" and
the value converted from the number of pulses measured to the travel
distance in mm "Mes Trip" are displayed. To measure again, press the
[MES1] (F1) or [MESZ2] (F2) key and repeat Steps (1) and (2) above.

(CONV _MON) 1/ 17
Conyv Form :VISION_CV LINEAR
Conyv Vel oc o=k ok ok ok, ok k % — % k% k% . %k k *k %
Conyv Status 0 0
Enec Pul se 32767 32767
Me s Pul s e 632417 0
Me s Trip - % x % % * X %X - %k % k% _ %k %k % %
MvMEs 1 BMMES2 |
(Caution)

The value of "Mes Trip" is not displayed correctly unless the conveyor
parameter is specified. For this purpose, figure out the travel distance per one
(1) pulse from the measured value of "Mes Pulse" and conveyor travel distance
(actually measured value), then set the value in "[C00] Conveyor Parameter".
For the parameter setting procedures, see Para. 3.2.6.
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6.1.2 Conveyor Synchronization Utility (VCV_PAR1)

Press the <NEXT> key, and the system calls the utility display where you can
edit various parameter values used for the "vision sensor + conveyor"
synchronization function.

(VCV_PAR1) <CH1> <CH2> 2/7
[l]_> CUF_POS T R * X X * X * X *x
1> catib_ofst:-KEEKEEEEENE > *~**

Detect Str:*****_*** * * KX * * * * *

Detect End:*****_*** * X * * * * * *

SynC_Limit:*****-*** * * * * * * *

MreseETMHERE M W H BN

[1] Cur_Position: Present conveyor position (mm)
[2] Calib_Offset: Calibration offset (mm)

It is possible to set the calibration offset (mm) of conveyor parameter "[C01]
Vision + Conveyor Tracking Parameter." For details on the setting
procedures, see Para. 4.3.5

Vision sensor

Calibration reference
position (X, Y)

. Calibration
Reference line sheet

of capture area

Calibration
reference —
line Y
y 4
y 4

y 4

-

Calibration Offset (mm)
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[3] Detect_Str: Start point of workpiece detection (mm)
[4] Detect_End: End point of workpiece detection (mm)
[5] Sync_Limit: Conveyor synchronization limit point (mm)

(VCV _PAR) <CH1-> <CH2> 277
Cur Pos -k ok k k k Kk ok ok * Kk Kk Xk * N
catib_ofsc: NN
[3]_> Detect St - *****x  x *x % * ok Kk Kk ok EE
[4]_> Detect End-:=*=>*=>*>>>*> % % % * * X X X * * *x
[5]_> SynC_Limit:*****_*** * x X K X * * *x
GEEER CECCH DN DN B

Data [3] through [5] above correspond to the workpiece detection start point,
workpiece detection end point and conveyor synchronization limit point of
conveyor parameter "[C01] Vision + Conveyor Tracking Parameter”,
respectively. You can edit the parameter value on this display.

* Move the inversely displayed area above to a desired parameter position
you wish to change, using the cursor keys on the teach pendant.

5

Start point of ) End point of Conveyor
Capture workpiece Workpiece workpiece synchronization
area detection area detection area detection area limit point

» Stop the conveyor once at the vision frame reference point. Press the
[RESET] (F1) key. Then the present conveyor position [1] is reset.

» Continuously move the conveyor as it is.

STE80866
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» Stop the conveyor at the workpiece detection area start point, workpiece
detection area end point and conveyor synchronization limit point and
press the [HERE] (F2) key each time.

» To change the value, press the <EXE> key. Then the numerical input
mode takes effect. Enter a desired numerical value directly through the
teach pendant, press the <EXE> key again.
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6.1.3 Conveyor Synchronization Utility (VCV_PAR2)

This paragraph describes the utility function for editing various parameter values
used for the "vision sensor + conveyor" synchronization function.

(VCV_PARZ2) <CH1> <CH2> 377
- oviap adi N

» To edit, move the inversely displayed area above to a desired parameter
position you wish to change, using the cursor keys on the teach pendant.
Press the <EXE> key, and the numerical input mode takes effect. Enter a
desired numerical value directly through the teach pendant, press the <EXE>
key again.

[1] Overlap_Adj: Overlap allowance at workpiece detection area start point (mm)
If the distance "Aw" between the workpieces detected next and previously is
smaller than the overlap allowance (mm), the system interprets that the next
and previous workpieces are the same workpiece, and ignores the next
workpiece.

7

Aw

-

Next workpiece Previous workpiece //

STE80866
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[2] Capture_Width: Capture width (mm)
Specify the width of an image captured by the vision sensor in mm.
The width of capture is the distance measured in the conveyor travel
direction, taking the vision frame reference point as the start point.

Vision sensor '\\ e
y

Vision frame
reference
position

Iy

> } Width of capture (mm) I

STE80866
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6.1.4 Conveyor Synchronization Utility (VCV_MONL1 -1, VCV_MON1-2)

This paragraph refers to the internal counter monitor function during the "vision
sensor + conveyor" synchronization mode.

<

[11->
[21->
[31->
[41->

N

for CH1 Conveyor >

(VCV_MON1I-1) <CH1-> 4 /77
Trk_Cnt/Numnm IR A
Top/Head/Tail *RK ) KF K kR
Cur _Wrk/Trk : * ok x Y/ * Kk ox
Trg_Interval : FoAx AKX FxE(Cmm)

for CH2 Conveyor >

(VCV_MON1-1) <CH1> 4/ 7
[1]->] Trk_Cnt/Nunm IV A
[21->] Top/Head/Tail I A A R
[B]->] Cur _Wrk/7Trk : R AR A
[4]->] Trg_Interval : FoEkR AKX FxE (Cmm)
Workpiece currently
detected
Conveyor synchronization |
permit area
Workpiece
detection area
o A )
(1] 4 L (2} Conveyor
ﬁ o o vector
? 31 30 124 1 15 14

V Tall
Workpiece ‘ ‘ Track No. ‘ -

numbers

18 17
/ \ ‘ Head ‘ ‘ Top ‘

[1]

‘ Cur_Wrk ‘ ‘ Cur_Trk ‘

Trk_Cnt/Num
The newest track number (*1) and total number of tracking data existent on
the conveyor are displayed.

*1: Index number of tracking data.
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[2] Top/Head/Tail

Top . The leading track number of the conveyor synchronization
permit area is displayed.

Head : The leading track number of the workpiece detection area is
displayed.

Talil . The last track number of the workpiece detection area is
displayed.

[8] Cur_Wrk/Trk

Cur_Wrk : The workpiece number (*2) of the workpiece currently
detected is displayed.

Cur_Trk : The track number of the workpiece currently detected is
displayed.

*2:  Workpiece index number existent in tracking data.

[4] Trg_Interval
The conveyor travel distance until the current trigger signal is accepted after
the previous trigger signal is displayed.

STE80866
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6.1.5 Conveyor Synchronization Utility (VCV_MON2)

(VCV_MON?Z2 67 7
[11->] VCPOS.X:***x*x%x _*x VCWSTATIL ::**>*xx
[21->] VCPOS.Y:***x*x%x _*x VCWSTAT2::***x=*
[31->] VCPOS.zZ:****x%x_*x VYCWSTATS3:**>*xx
[4]->] VCPOS.C:***xx _=x

[1] VCPOS. X/VCPOS. Y/VCPOS. Z/NCPOS. C
The target motion positions of the workpiece detected currently are
displayed. (The same values as in SCOL language "VCPOS" are
displayed.)

[2] VCWSTAT1~3
Workpiece additional information (workpiece type and status) for the
workpiece currently detected can be referred to. (The same values as in
SCOL language "VCWSTATL1 ~ 3" are displayed.)

6.1.6 Addition of conveyer utility (VCV_MONB3)

System reservation

STE80866
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6.2 Stop Operation

The following stop operations are available for the TS3000 (TS3100) controller.

* STOP command and external stop signal input Y
* BREAK command

* Master mode switch

 STOP command of SCOL language

* MODE selection (STEP/MOTION)

- |A. Stop with servo ON

* FIELD HOLD command J
* Emergency stop } B. Stop with servo OFF
* Servo OFF (external servo OFF input signal)

When the stop operation is executed during conveyor synchronization (i.e., while
the robot is moving by tracking the conveyor speed), the results are as follows:

A: Stop with servo ON

If the stop operation is executed during conveyor synchronization, the program
stops, but the robot will not stop and continues tracking the conveyor to the
conveyor synchronization limit point.

e Stop operation

[

&

The robot continues
tracking to the
synchronization end
point.
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If the robot is kept intact under this condition, the robot stops at the conveyor
synchronization limit point. As a result, the robot hand may collide with a

workpiece on the synchronized conveyor. To prevent this, the system should be

constructed, fully considering the following matters.

[1] If the conveyor or other external equipment has entered an emergency stop
state, the robot should also enter an emergency stop state.

[2] If the robot has entered an emergency stop state, the conveyor or other
external equipment should also enter an emergency stop state.

[3] If the robot program has stopped due to some reason (error stop/stop
operation by operator), the conveyor should be stopped also.

B: Stop with servo OFF

The robot stops instantaneously to stop the synchronization processing instantly.

When performing the stop operation during conveyor synchronization, strictly
observe the following precautions, fully taking notice of the above.

STE80866
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A CAUTION

* Even if the program stopped during conveyor synchronization, continuous
operation is possible by using the restart function just after the program
stop. In principle, however, after the stop operation, be sure to reset the
operation, move the robot to the safe place by manual guidance, reset the
program, then resume the operation. (For details, see Para. 6.3.)

¢ Unless an error is caused, DO NOT effect the servo OFF or emergency
stop during conveyor synchronization. Otherwise, the robot hand will
collide with a workpiece on the synchronized conveyor.

» To avoid the above accident, construct the system, taking notice of the
following matters.

[1] If the conveyor or other external equipment has entered an
emergency stop state, the robot should also enter an emergency stop
State.

[2] If the robot has entered an emergency stop state, the conveyor or
other external equipment should also enter an emergency stop state.

[3] If the robot program has stopped due to some reason (error stop/stop
operation by operator), the conveyor should be stopped also.
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6.3 Procedures for Reset to Restart

When the reset operation is executed after the stop operation done during
conveyor synchronization, the internal processing as shown below is executed.

[1] The processing of conveyor synchronization finishes.

(The UNSYNC command (i.e., synchronization end command) is
executed internally.)

[2] All tracking data saved (i.e., track number, workpiece number, workpiece

coordinate, etc.) are cleared.

The reset operation comes in the three (3) types; program reset, step reset and

cycle reset.

After the stop operation as described in the preceding paragraph is executed
during conveyor synchronization, be sure to perform the reset operation before
restarting the program. When executing the reset operation, however, be sure to

strictly observe the following procedures.

Otherwise, the robot hand may collide

with a workpiece on the synchronized conveyor.

Conveyor operation

Program operation

Conveyor synchronization

Program stop operation

Stop

Start
/ Stop
<= SYNC +
Workpiece detection UNSYNC
ON
ON

Reset operation

Time from program stop to conveyor stop
Minimize this time, where possible.

e
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Cautions:

» After the stop operation and before the reset operation, be sure to stop the
conveyor. The time covering from the program stop to the conveyor stop as
indicated in the above figure should be as short as possible.

» If the stop operation in Para. 6.3—B has been effected, the time covering from
the program stop to the conveyor stop as indicated in the above figure should
be almost zero (0).

6.4 Conveyor Stop

If the number of encoder pulses counted is zero (0) during the time designated by
the construct parameter after the start of conveyor synchronization following the
synchronization trigger signal ON, the error saying "001-048: Conveyor Stop"
generates. This is the error of level 1, and the program is executed continuously
without being stopped.

The conveyor (encoder) speed fluctuation should be within £7.5 % to the average
constant speed of the conveyor being used. Otherwise, precise synchronization
accuracy cannot be assured, and the workpiece or hand, etc., may be damaged
accordingly.
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Section 7
Operation

7.1 Error Message Table

If an error has been detected by the self-diagnosis function, appropriate error
message is displayed on the teach pendant, as shown below. Identify the cause
and take appropriate measures according to the following table.

Error code Error message, possible causes and remedies

001-047 Conveyor Line Breakage

* The encoder cable of the specified conveyor number is
broken or the encoder is defective. Check for the wiring.

» Even after this error occurred, the robot continuously tracks
the conveyor based on the conveyor (encoder) speed just
before the error generation, without being stopped.

» If the encoder cable breakage has been detected during
conveyor synchronization, be sure to recess the robot to the
safe place. Otherwise, the robot may collide with the
workpiece or conveyor.

This error will not be reset unless the power is turned off.
Locate and remedy the broken part, then turn the power on
again.

001-048 Conveyor Stop

The conveyor stop time has reached the judgment time as
specified by the parameter.

* The conveyor was stopped when the UNSYNC command
has been executed.

002-033 Conveyor Parameter Error

» The parameter value exceeds the permissible range.
001-177 VCV Comm Process Abnormal

Communication data has been sent from the vision sensor more
than twice before the trigger signal turned on.

—  Confirm again the data transmit timing from the vision
sensor and the trigger signal transmission timing. (For
details, see Para. 4.1.)
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Error code

Error message, possible causes and remedies

001-178

VCV Comm data format error

The format of the data reached from the vision sensor is illegal.
(Data other than the numerical value has reached. The format
of the numerical data is illegal. The number of data is illegal.)

—  Confirm again the data format sent from the vision sensor.
(For details, see Para. 4.2.)

001-179

VCV Too many triggers

The number of tracking data that can be saved exceeds the
maximum value.

— Increase the capture width of the vision sensor and reduce
the number of capture counts.

—  Or reduce the distance from the capture reference point to
the conveyor synchronization limit point.

(@)

& 7

Start point of . End point of Conveyor
Capture workpiece Workpiece workpiece synchronization
area detection area detection area detection area limit point

001-179

VCV Comm Process Timeout

Conveyor parameter C0O1 The "1-180: VCV Comm Process
Timeout" error occurs when the data receive cannot be
completed in Data reception time out (data receive time-out)
setting time or less.

Conveyor parameter CO1 of this function This function becomes
disabled for "0.0" { Data reception timeout ms }

-125 -
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Error code

Error message, possible causes and remedies

004-051

Conveyor sync limit area

The robot goes into the "conveyer synchronous limitation
area" whilst the conveyor synchronization. Execute program
reset and error reset after moving the robot outside the limitation
area. Review the program and the conveyer parameter setting
when occurring again.

Specify the "conveyer synchronous limitation area" parameter
on "CONVEYOR.PAR: C00 Conveyor parameter -> { Limitation
width of synchronization }" by the unit (mm).

X

A

synchronous limitation area |

(inner side)

synchronous limitation area
(outer side)

This error can be reset. After the error occurs, execute
“PROGRAM RESET” by all means before resumes operations .

004-052

VCV Comm data format error

The communication port of Ethernet (IP2 or IP3) closed while
the vision conveyer was synchronizing. Please confirm
whether wiring and the vision device of Ethernet work
normally.
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