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SAFETY INSTRUCTIONS

It is necessary to read and understand the contents described in this chapter before using robots.

In this Manual, the robot system refers to an integrated system integrating robot body, robot controller,
wired handle, cables, software and other accessories. So, it is required to fully consider the safety
precautions of the user and the system.

Nobody is allowed to modify the robot without authorization from Agilebot Robotics Co., Ltd. Agilebot
Robotics Co., Ltd. shall assume no responsibility for any damage to the robot or its components due to
the use of any other components (software, tools, etc.) not provided by Agilebot.

Agilebot Robotics Co., Ltd. assumes no responsibility for any consequences caused by misuse of the
robot. The misuse includes:

» Use the robot beyond the specified parameter range
Use it as a carrier for humans or animals

Use it as a climbing tool

YV V VY

Use it in explosive environments
» Use it without safety protection

Besides safety precautions in this chapter, this Manual contains other safety instructions, which must
be followed as well.

For safety issues uncovered in this Manual, please refer to the Safety Manual.
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Definition of user
The operators are defined as follows:
» Operator
Perform power-on/off operation on the robot.
Start the robot program from the panel board.
» Robot engineer
Operate the robot.
Perform teaching and programming debugging of the robot within the safety fence.
» Maintenance Engineer
Operate the robot.
Perform teaching of the robot within the safety fence.
Carry out maintenance (repair, adjustment, replacement) operations on the robot.
The “Operator” is not allowed to enter the safety fence.
The "Robot Engineer" and "Maintenance Engineer" can carry out operations within the safety fence.
The operations within the safety fence include handling, setting, teaching, adjustment, maintenance, etc.

To carry out the operations within the safety fence, it is necessary to receive professional training on
the robot.

When operating, programming and maintaining the robot, the operator, programmer and maintenance
engineer must give a safety warning and wear at least the following protective articles.

»  Work clothes suitable for operations
» Safety shoes

» Safety helmets

Operation Manual for Collaborative Robot System
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System permissions for operators

Operator

Operator’s authorities include:

1)
2)

3)

4)
5)
6)

Turn on/off the robot.

Use the operating terminal to teach the robot; select, debug, run, start, pause and abort the
programs.

Switch the currently loaded TF/UF and modify overall velocity parameters through the above
status bar on the screen.

Allow operations, e.g. moving to the target point.
Review alarms and reset regular alarms.

Perform the operations of 1/O status interface and register interface.

Robot engineer

The authority of the robot engineer includes:

1)
2)

3)
4)
5)
6)
7
8)
9)

All authorities of the operators

Setting of robot’s zero point, setting of soft limit, establishment and editing of coordinate
system

I/0O configuration and management

Communication configuration

Creation, editing, revision, deletion and other robot program management functions
Creation and setting of various registers

Management function of robot program attributes

Setting of program launch mode

Backup and loading of files

10) Setting of controller IP

11) Setting of system time

Administrator (Admin)

The authorities of administrator include:

1)
2)
3)

All authorities of the operator and robot engineer
Software installation and upgrading

Management of programmer roles, which can be added, deleted or edited

Operation Manual for Collaborative Robot System
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Definition of safety records

This Manual includes safety warnings to ensure personal safety of the users and avoid any damage to
the machine tool and describes them with "Danger" and "Warning" in the main text based on their
importance in safety.

In addition, relevant additional descriptions are described as "Caution".

Before use, the user must thoroughly read the precautions described in "Danger”, "Warning" and

"Caution”.

Identification

Definition

A Danger

It indicates dangerous situations possibly resulting in serious injury or death to the
user during incorrect operation.

A Warning

It indicates dangerous situations possibly resulting in mild or moderate personal
injury or property damage during incorrect operation.

& Caution

It provides additional descriptions outside the scope of danger or warning.

Please read this Manual carefully and keep it secure for easy reference at any time.

Operation Manual for Collaborative Robot System
13/201




~gilebot

Operation Manual for Collaborative Robot System

Safety of operator

When the robot operates automatically, it is first necessary to ensure the safety of the operator. It is
guite dangerous to enter the motion range of the robot during its automatic operation. Measures should
be taken to prevent the operator from entering the motion range of the robot.

General precautions are listed below. Please take appropriate measures to ensure the safety of the

operator.

1. All operators using the robot system should pass the training courses provided by Agilebot
Robotics Co., Ltd.

2. During the operation, it is possible that the robot is waiting for a start signal and is about to start
even if it appears to have stopped. Even in such cases, it should be considered that the robot is in
motion.

3. Set peripheral devices outside the robot's range of motion as much as possible.

4. Arrange locks as needed to prevent personnel other than operators from turning on the power
supply of the robot.

5. When conducting individual debugging of peripheral devices, it is important to disconnect the
power supply of the robot in advance.

6. When handling or mounting the robot, make sure to follow the correct method shown by Agilebot
Robotics Co., Ltd. The operation in the wrong way may lead to overturning of the robot, causing
injury to the operator.

7. After mounting, make sure to operate the robot at a low speed for the first time. Then, gradually
raise the speed and confirm if there are any abnormalities.

8. When using the robot for operation, it is important to confirm that there are no persons inside the
safety fence in advance. Meanwhile, check for potential hazards and make sure to eliminate
potential hazards (if any) before operation.

9. Do not operate the robot in the following situations. Otherwise, it may pose an adverse effect to the

robot and also cause serious injuries to the operator.
1) Flammable environments
2) Explosive environments
3) High-radiation environment
4) Water or high humidity environment

5) When connecting various stop signals of peripheral devices and the robot, make sure to
confirm the stop operation to avoid incorrect connections.

Safety warning label

Both the robot and the controller bear several safety and information labels, which contain important
information related to the product. This information is very useful for all persons operating the robot
system, e.g. during mounting, maintenance or operation.

The safety labels are only graphical and applicable to all languages.

Operation Manual for Collaborative Robot System
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& Caution

It is required to observe the safety and health signs on the product label. In addition, it is also necessary
to comply with the supplementary safety information provided by the system builder or integrator.

Sign Description

Warning - electric shock

Warning - hands pinching

Beware of burns due to high temperature.

Grounding

o>

Operation Manual for Collaborative Robot System
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Stop Categories of the robot
The methods for stopping Collaborative robots include (According to IEC 60204-1):
Cat. 0 stop
e Stopping by immediate removal of power to the robot (i.e. an uncontrolled stop).
Cat. 1 stop

* A controlled stop with power available to the robot to achieve the stop and then removal of
power when the stop is achieved (safety system will cut off the servo bus power 1 second after
the robot stops or not.).

Cat. 2 Stop

* Acontrolled stop with servo bus power remaining available to the robot.

A Warning

Rrisk assessment of the entire system is required.

When establishing safety range, it is necessary to consider the stop distance and stop time. Do not
enter the safety range of the robot or touch the robot when the system is in operation.

Operation Manual for Collaborative Robot System
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Safety functions

Overview to safety functions
The Collaborative robot is provided with the following safety features:
» E-stop
» External safety device connector
*  External e-stop button connector
*  External isolator connector/ External limit/stop device connector
E-stop
The Collaborative robot is provided with the following emergency stop devices:
» E-stop button with a wired handle

It is required to press this device in case of danger or emergency. The robot should have the following
response when the emergency stop device is pressed:

The robot stops in the form of uncontrolled stop (Cat. 1).

First rotate the e-stop device for unlocking and then turn on the servo power to continue the operation.

& Warning

If possibly causing a danger, the tools or other devices connected to the robot must be integrated into
the e-stop circuit of the robot. Otherwise, it may cause death or serious bodily injury to the operator or
damage to any property.

External safety connector
1. External e-stop connector

Every workstation, which may control the start of a robot or trigger a hazardous situation, must be
provided with an external e-stop device, which is under the responsibility of the system integrator. At
least one external e-stop device must be mounted to ensure that an e-stop device is available even in a
very urgent situation.

The external e-stop device is connected through a safety connector provided to the customer on the
controller and is not included in the supply scope of robots.

2. External limit/stop device connector

It is a device designed to prevent the robot from getting out of the working range. Do not have or cause
any danger.

Operation Manual for Collaborative Robot System
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1

PRODUCT OVERVIEW

This chapter provides an overview of basic composition and various devices of the Collaborative robot.

1.1 ROBOT SYSTEM

The Collaborative robot system is composed of:

Robot body *

Controller

Wired handle
Operating terminal **
Robot connection cable

Software system

The Collaborative robot system is shown in the figure:

* The robot body refers to the mechanical structure of the robot, which is a composed of such parts as
motor, gearbox, encoder and drive mechanism.

** Operating terminal is a device used by the users for programming, setting and other operations.

Fig. 1.1 Composition of Collaborative Robot System

Operation Manual for Collaborative Robot System
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1.2 ROBOT MODELS

Naming rules for robot controller

Category Technical characteristics Number of axles
| 4 A

|Rc Industrial robot controller Integrated 4 axes Generation | Blank Standard
D Drive-distributed 6 6 axes B Generation| s Small
8 8 axes C Compact

Appearance of GBT-C5A

Operation Manual for Collaborative Robot System
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1.3 CONTROLLER
1.3.1 Wired handle

For a detailed introduction of wired handle, refer to the instructions for IRC-D6A Controller.

Fig. 1.3.1 Wired Handle

1.3.2  Controller panel

There are status lamps, controller switch, communication interfaces, etc. on the controller panel. See
the instructions for D6A Controller for detailed instructions.

1.3.4 Communication

The controller provides communication ports with peripheral devices. The IRC-D6A series controller
provides 2 Ethernet ports.

Operation Manual for Collaborative Robot System
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1.35 I/0O signal

For 1/0O (I/0O signals), universal and special signals can be used to enable the robot control system and
external devices to transmit and receive data. The universal signals (user-defined signals) are
controlled by programs and used for communication with external devices. The special signals (system-
defined signals) are controlled by the system.

I/O can be divided into the following types.

» Digital I/O
» Special /0
» Robot I/O

1.3.6 Robot actions

For the action of the robot, the motion of the tool center point from the current position to the target
position is regarded as an action instruction.

The robot controller uses the motion control system comprehensively controlling the trajectory,
acceleration/deceleration, positioning and speed of the robot.

The robot controller can divide multiple axes into multiple action groups for control (multi-action
function). The respective action groups are independent of each other, but can synchronously cause
the robot to act simultaneously.

There are two types of robot actions: log feed and action instruction based on the program.

» The action of the robot based on log feed or step feed is executed through the operating
terminal. The action during jog feed is determined by the manual feed coordinate system and
the speed multiplier.

» The action of the robot based on action instructions is determined by the position data, action
type, positioning type, movement speed, speed multiplier and so forth specified in the action
instruction.

The action types include "MOVEJ" (joint), "MOVEL" (straight) and "MOVEC" (arc) (see Section 3.3.1 for
details), which can be selected to operate the robot. When "MOVEJ" is selected, the tool center point
moves nonlinearly between two teach points. When "MOVEL is selected, the tool center point moves
linearly between two teach points. When "MOVEC" is selected, the tool center point passes through the
transition point from the starting point to the target point and its motion is controlled in an arc manner.
There are two positioning types for the tool center point: "FINE" (positioning) and "SD" (corner radius).
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1.3.7 E-stop devices
The robot is provided with the following e-stop devices:
» E-stop button on the wired handle.

» The controller has an e-stop signal and a safety door signal, both of which are Cat. 1 stop.

Operation Manual for Collaborative Robot System
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1.4 POWER-ON/OFF

To power on/off, please refer to the instruction manual of the IRC-D6A control cabinet.

1.4.1 Inspection before power-on

It is necessary to ensure mounting correctness to ensure the safety of the robot and the operator during
operation. The following steps should be checked for the mounting of the robot:

» Mechanical inspection: Check whether the base is completely fixed and whether the end-
effector is firmly mounted.

Wiring inspection: Check if various cables are wired correctly and firmly.

Controller inspection: The controller (including power-off switch) should be mounted at a
height convenient for operation and maintenance.

1.4.2 Power-on

Power-on sequence: Connect the power cord of the controller — Switch on the circuit breaker of the
controller — Press the Power-on button on the handle — Wait for startup.

Connect the robot after 5-10s. The screen is as shown in Fig. 1.6.

2023-08-04 WORKING Continue
11:08:08 Groupl  UF0~ TFO~  Joint Coordinate v~ MANUAL Nlouq:i.

longtime 22

Lib4 Help

ilEDOt

Drive the FOF

28 2admin v 2 Manual Op.

NG

Fig. 1.6 Main Screen of Operation Interface
143  Shutdown
Shutdown sequence: First, ensure that the robot is in the stop state.

1) Enter the main menu and click "Power", as shown in Fig. 1.7.

Operation Manual for Collaborative Robot System
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N\

Q) )

Current Pose Coordinate System

)

Application

®» ©

Shortcut Menu Home Page

Fig. 1.7 Main Menu

2) Enter "Power" as shown in the following figure.

Robot Status

Current Connection GBT-C5A-850-307BCICCIEFE

v v v v

e LEIS SRk 2[R MBS

s | o

3) Click “Shutdown” as shown in the figure below.
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Shut Down

The shutdown conditions are met. If you want to shut down it, click the "Confirm*
utton

The network communication is normally connected
The controller should be in the emergency stop state

The servo should be powered off

* Cancel + Confirm

4) Click “Confirm” to complete shutdown.

1.5 INTRODUCTION TO OPERATION INTERFACE

. 2023-11-16 SERVO OFF Continue . . 10%
HH 2 Login 2 Manual Of 10:55:35 " No Program Running Group:l | UR0 ~  TF0 ~  Joint Coordinate ~ [VIANIENERSSRas
l 3 He|p
Menu button Status b
atus par

ilEDOt

Drive the FOF

NG

Version of robot system 4|

Fig. 1.8 Main Screen of Operation Interface
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151 Menu
Click the "Menu" to pop up a menu list. The detailed menu list and sublist are as follows:

Current Pose Coordinate System

Application

©

Shortcut Menu Home Page

Operation Manual for Collaborative Robot System
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— Administration -

--
-

md User administration

— File management -[

— Clock/Language

New program

Program list

m Special program setting

Setting of program
launch items

m Programstart point

ad  Program monitoring

'md User coordinate system

Coordinate system &

Main Menu
1

Communication -1

al ToOl coordinate system

Number register

Pose registel

String register

ad Vodbus special register

1/0 stat

- 1/0 mapping

- System -

1
3
<
o
2
3
=

Shortcut menu

Home

— Bus configuration

[ <
8 g
o o
8 g
Ju =
& 2
a @

— Zero-point setting

)
w
@

mGeneral system variable]

-
Coordinate .
transformation Modify controller IP

b Other settings

b Reference pose

Program

le managemen

— Clock/Language

i =
E o
3

2 £
2 3
3 2
g 3

Reload page

Fig. 1.10 Main Menu and Submenu List
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15.2 Status bar

o ad o Manual 0 20230505 WORKING Continue
& admin v |2 Manua
u. P longtime p22

Group:1 UF0 v | TFO v Joint Coordinate

@

Fig. 1.11 Status Bar

Specific meaning of each component in the status bar:

Icons in status bar

Form left to right Specific meaning

User login (see Section 1.1 for specific authority definition)

Manual Op: Open the 3D interface to teach the robot.

Current system time

Robot’s status

Alarm information

Program running status

Motion group

1
2
3
4
5 Program running mode
6
7
8
9

User coordinate system

10 Tool coordinate system

11 Current coordinate system
12 Operation mode

13 Setting of safety function
14 Overall velocity
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1.5.3 System information

Path to detailed system version information: Home -> Help -> About

1] 2024-02-27 13:24:30 Continue
m A Login 2 Manual Op. Group:1 UF0 TFO Joint Coordinate
No Program Running

BackHome Page About Agilebot Collaborative Robots

Robot:
Robot Model: GBT-C5A-850
General Version: 7.2.00
Controller SN:  231128B81020008A1
Robot SN:  CO20AAA220105B1025
Application:
Controller: 1.1.3.20240222.2649110d
TP-Charcoal:  6.3.01(20240222.5e4c4cab6)
File Service: 6.3.01(20240222 Sedc4ca6b)
Router: 1.0.3.49feb2elf
Power Manager: 1
10 Board 0:  23b1
Safety Board 1: 2421
Safety Board 2: 2421
Servo Control:  JTAC-C5A-Debug-0.0.0-2, Servo-1.6PUMA20240206
Servo Param: (C5A-KM-20240125-00
System:
Hand Off: 1
RBF: 20240204
U-Boot: 20231129
Body:

Inint 1+

MANUAL %%

Version QR Code

Fig. 1.12 Version of System Software
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1.6 MODE SWITCH

The mode switch is a key switch mounted on the wired handle, as shown in Fig. 1.13. The mode switch
is used to select the most suitable robot mode based on its action conditions and usage. There are
three operation modes: M (Manual) - manual mode, L (Limit manual) - manual limit speed mode and A
(Auto) - auto mode.

Fig. 1.13 Mode Switch

Switch the operation modes when no program is running. Remove the key from the switch to fix the
switch in that position.

1. Manual mode (M)

This is a mode for robot program debuggers or operators (hereinafter referred to as the
user) to debug the motions of the robot. In this mode, the user can mainly perform the
following operations:

¢ Teach the robot.

* Debug executive programs, including positive-sequence continuous executive
programs, positive-sequence single-step executive programs, and reverse-sequence
single-step executive programs.

* Edit and modify robot programs?

In this mode, the user is mainly prohibited from performing the following operations.

Operation Manual for Collaborative Robot System
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2.

3.

e Start and execute robot programs through external signals.
Manual limit speed mode (L)

This is a manual mode where the robot has a limit speed, and its purpose is the same as
the manual mode. However, it is only required to adjust and maintain the robot's motion
speed below 250mm/s or 18.5°/s to prevent accidents caused by excessive speed during
manual operation.

In this mode, the user can mainly perform the following operations:
*  Teach the robot.

* Debug executive programs, including positive-sequence continuous executive
programs, positive-sequence single-step executive programs, and reverse-sequence
single-step executive programs.

e Edit and modify robot programs.
In this mode, the user is mainly prohibited from performing the following operations:
e Start and execute robot programs through external signals.

In this mode, the following restrictions are posed on the motion speed of the robot during
program debugging or execution:

e The motion speed of the Cartesian motion instruction is always below 250mm/s.
*  The motion speed of the joint instruction is always below 18.5°/s.

* The speed is limited based on the teaching speed at 100% magnification. Therefore, at
a teaching speed of 2000mm/s, the speed is limited to 250mm/s if the magnification is
100% and to 125mm/s if the magnification is 50%. Thus, the speed can be further
slowed down by lowering the magnification.

Auto mode (A)

This is the mode for automatic operation of the robot during normal operation. In this mode,
the robot obtains the program information or program number to be executed through
communication or /O and then executes it.

In this mode, the user can mainly perform the following operations:

e Execute the robot program through the launch mode selected in the "Program Launch
Mode".

In this mode, the user is mainly prohibited from performing the following operations.
*  Teach the robot.

e Debug executive programs, including positive-sequence single-step executive
programs and reverse-sequence single-step executive programs.

e Edit and modify robot programs.
* Modify relevant configurations of the robot.

e Enter the drag mode.

Operation Manual for Collaborative Robot System
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1.7 ROBOT TEACHING

Teach the robot according to the joint coordinate system (please refer to 2.3 Coordinate System
Settings for the contents of coordinate system).

The single axis operation of the robot is able to independently operate the robot arm to move in either
the positive or negative direction of each axis. Specific operation process is as follows:

1. Turn the robot mode switch to L or M mode (manual mode).

H 2 Login & Manual Op “fitar = Plogra:?{:“::?:g Group:t  UF:1 v TFO User Coordinate ~ MANUAL N:ol.:m
X- 756.000 X+ X o mm
y mm
Y- 169600 Y+ Z o mm
A
Z- | 50700 | Z+ Move View a0

to
point

A- -90.000 A+ U‘ ' Joint configuration

NOFLIP

Aoy,
B- 0000 B+ ‘ up

FRONT

Reset

C- 0000 C+ Number of rotations

2. In the status bar, select the reference coordinate system for robot operation as shown in Fig. 1.14.

2023-11-17 7. & B ¢
H 2 Llogin 2 Manual Op 4 No Programi:::l:g Group:1  UF:1 v  TFO v Joint Coordinate MANUAL N;z‘ut
Joint Coordinate m Joint
- 0 N+ Base Coordinate x| o mm
World Coordinate
Y o mm
User Coordinate
2 02+ Tool Coordinate Z mm
RTCP User Coordinate Al o
A RTCP Tool Coordinate
B- 0 I3+ Move B o

to
Reset
point

c o

14 - 0 14+ J ’ Joinkconfiquration
&"‘&% NOFLIP
J5 - 0 J5 + ‘ upP

FRONT

J6 - 0 16 + Number of rotations

Fig. 1.14 Reference Coordinate System
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3. If the reference coordinate system for robot operation is a user or tool coordinate system (if not,
ignore this step), it is also necessary to activate the user or tool coordinate system in the status
bar. Then, the coordinate system is activated successfully.

UFT ~ TR0 -~

UF[O] TF[O]
UF[1] TF[1]
UF[2] TF[2]
UF[3] TF[2]
UF[4] TF[4]
UF(5] TF[5]
UF[8] TF[&]
UF[7] TF[7]
UF[8] TF[8]
UF[9] TF[9]
UF[101  TF10]

Fig. 1.15 Selection of User or Tool Coordinate System
4. The robot may move accordingly when a corresponding axis or XYZ direction is clicked.

5. Press the "Reset" button on the interface or the handle to clear the alarm and excite the robot.
Observe if the status lamp "SERVO ON" turns green, indicating that the robot servo has been
successfully powered on.

6. Press the Jog button to teach the robot movement and jog the corresponding position to move.

& Caution

When teaching in the joint coordinate system, click the Jog button to control the rotation of each robot
axis.

When teaching in the Cartesian coordinate system, jog Buttons X, Y and Z to control the tool coordinate
origin of the robot to move along Axes X, Y and Z of the Cartesian coordinate system; jog Buttons A, B
and C to control the tool coordinate origin to rotate around Axes X, Y and Z of the Cartesian coordinate
system.

Teach the robot with world or base coordinate system.

The base coordinate system is located on the robot base and defined in the factory. The world
coordinate system is defined at default to coincide with the base coordinate system. During teaching,
the origin of the selected tool or flange coordinate system moves or rotates in the direction of the world
or base coordinate system.

Operation Manual for Collaborative Robot System
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Teach the robot with user coordinate system.

During teaching, the origin of the selected tool or flange coordinate system moves or rotates in the
direction of the user coordinate system.

Teach the robot with tool coordinate system.

During teaching, the selected tool coordinate system moves or rotates in the direction of the current tool
coordinate system. The tool coordinate system spatially changes with its origin. Therefore, every
teaching action may change the spatial position and pose of the origin or direction of the tool coordinate
system.

User Coordinate 1

Tool coordinate

User Coordinate 2

Fig. 1.16 Coordinate System of the Robot

1.8 VELOCITY CONTROL

Overall velocity control

The overall velocity control function is applicable to the following operation modes: manual limit speed
mode, manual mode and auto mode.

After power-on, the overall velocity coefficient is always 10%, regardless of the position of the robot
mode switch.

The user can manually input velocity values or pull the velocity slider to adjust the velocity.

» Under running instruction: velocity limit of the robot = instruction velocity * overall velocity
coefficient % (maximum speed is 250mm/s or 18.5 °/s in manual limit speed mode)

When the robot is in motion, the adjusted overall velocity takes effect when the next motion instruction
is parsed and executed.

Step teaching (using feed rate)

Operation Manual for Collaborative Robot System
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When the speed is set manually, the robot can only move the corresponding step by setting the feed
amount. The feed range is 0-10mm (the corresponding joint coordinate movement step length and the

rotation step length of the attitude Angle are 0°-5°).

Note: When the step motion is planned, the given speed limit is fixed at 250mm/s.

Velocity Setting

10

50% 100%

1% 10%
Velocity T T )
0.1% 5%

v N
0.1 5

OFF

Fig. 1.21 Speed Setting Window
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2 SETTING OF ROBOT SYSTEM
2.1 1/0 SIGNAL

I/0 (I/O signal) is an electrical signal used by the robot to communicate with peripheral devices, e.g.
end-effector and external devices. It consists of universal I/0 and special I/O.

Universal I/O

Digital /0 D I[i)/DOYi]

[i] of /O represents the logical number of the signal number.
Special I/0

The special I/0 is an 1/0 whose purpose has been determined.
System 1/0 U I[i)/UOIi]

[i] of I/O represents the logical number of the signal number.
Robot I/O

The robot 1/0 represents the I/O interfaces on the arms of the six-axis robot; this robot does not have
this signal interface.

Robot /0 RI[I/RO[i]

[i] of /O represents the logical number of the signal number.

I/0O mapping

The universal I/O (DI/O) and special I/0 (UI/O, etc.) are referred to as logical signals.

In contrast, the actual I/O signal points are referred to as physical signals. To specify physical signals,
use the 1/0O mapping function to specify the /0O module and use the signal number (physical humber)
within the 1/0 module to specify each signal.

Physical number

The physical number refers to the signal number in the I/O module. Express the physical number as
follows.

* Digital input signal: Input Port1, Input Port2...
* Digital output signal: Output Port1, Output Port2...

It is required to establish an association between physical signals and logical signals in order to control
the I/O signal points on the robot controller. This association is called I/O mapping (configuration).

The following table details the default sequence definition of each port on the 10 board: (The actual
function can be set according to the use scenario)

Signal Name Signal Specification
Ui Servo excitation locking
ul2 Pause signal
ul3 Reset signal
ul4 Program start/resume signal

Operation Manual for Collaborative Robot System
36/201



~gilebot

Operation Manual for Collaborative Robot System

ul5 Program termination request signal
10_0V ov
ulé Trigger signal
ul7 MPLCS Start signal
ulg MPLCS Main program status
ul9 signal, a total of 6 bits
ui1o
10_ov ov
ul11 MPLCS Main program status
ul12 signal, a total of 6 bits
uUl13
ul14 Drag mode signal
DI1 User input signal
DI2 User input signal
1I0_0V ov
DI3 User input signal
Dl4 User input signal
DI5 User input signal
DI6 User input signal
DI7 User input signal
10_ov ov
DI8 User input signal
DI9 User input signal
DI10 User input signal
Di11 User input signal
DI12 User input signal
10_0V ov
10_0V ov
I0_0V ov
Default setting Signal specification
DO_PS _IN6 DO Power selection interface
DO12 User output signal
DOM User output signal
DO10 User output signal
DO9 User output signal
DO8 User output signal
DO_PS_IN5 DO Power selection interface
DO7 User output signal
DO6 User output signal
DO5 User output signal
DO4 User output signal
DO_PS_IN4 DO Power selection interface
DO3 User output signal
D02 User output signal
DO1 User output signal
uo13 MPLCS Main program status

feedback, a total of 6 bits

Operation Manual for Collaborative Robot System
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DO_PS_IN3 DO Power selection interface
uo12 MPLCS Main program status
uo11 feedback, a total of 6 bits
uo10
uo9

DO_PS_IN2 DO Power selection interface
uos8 MPLCS Main program status

feedback, a total of 6 bits
uo7 MPLCS Start signal
uO6 MPLCS Select request
uo5 Servo status signal

DO_PS_IN1 DO Power selection interface
uoO4 The program is in execution

uo3 Alarm signal
uo2 Pause signal
uo1 Robot operating status/mode

For controller's signal interface and definition, refer to the Instructions for Controller.

211 Digital 1/0

Digital I/0 (DI/DO) is a standard digital signal for data exchange from peripheral devices by processing
input/output signal lines of the I/O units. To put it correctly, it belongs to a universal digital signal. There
are two digital signal values: ON and OFF.

I/O mapping (configuration)

Digital 1/0 can redefine the physical numbers of signal lines and set the following items. For details on
I/O allocation, please refer to "2.1 1/O Signals".

The starting port assigns physical numbers to logical numbers to achieve signal point mapping. Thus,
the initial physical number can be specified for the allocation.

& Caution

The physical number specifies the input/output pins on the I/O module. The logical number is assigned
to the physical number. So, a signal can be regarded as a unit to change the allocation.

The starting port of the physical number is set according to actual needs.

Allocation of digital I/0

Successively click "Menu Button" — "Communication" — "I/O Mapping" to enter the screen as shown in
Fig. 2.3.
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7023 0806

e WORKING Continue

] & admin ~ 2 Manual Op. Groupl  UFO ~ TR0 v Joint Coordinate ~

»  longtime 14

n DO ul uo Add Save Show Error 10 Status

1 12 IMB00401/RS485/0/25in:250ut 14

Total 1 Goto 1

Fig. 2.3 1/0 Mapping Interface
Specific meanings of the I/O mapping interface are as follows:

» 1/O type: The user can choose it according to the 1/O type to be managed and mapped.
Currently, the mappable 1/O includes DI/DO/UI/UO;

» Input: Display UO/DO or UI/DI (DI in the diagram) according to the "I/O Type” selected by the
user. Choose the logical signal ID for I1/O mapping here; (method: Set the entire segment,
namely, simply input start and end IDs of the logical 1/0O to be set. For example, in order to
set 12 Dls, simply enter 1 at the position of start ID and 12 at the position of end ID.) (Note:
The ID segments of the same 1/O type cannot overlap.)

» Module number: It allows the user to select the communication module recognized in the
current system, as shown in the figure below:

===

VirtualloBoardfartual/16/20000n:20000ut

MEBEOD401/R5485/0/25iIn:250ut
VirtualloBoard /virtual/16/2000in:20000out

ModbusServer/ TCP/128/256in:2560ut

Fig. 2.4 Module Selection Interface
e Module 1 is an I/O adapter for the controller of a 6-axis robot.

e Module 2 is a virtual device I/O for the user to perform 1/O mapping without actual
physical /0 modules to facilitate program debugging.

* Module 3 is a modbus tcp module, which can map logical signals to the modbus
register; e.g. Mapping DI to Coil Status and DO to Discrete inputs in the modbus
register.
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& Caution

In the module number drop-down list, only communication modules and Virtual I/O Devices recognized
in the current system are available for the user to choose. Virtual I/O Device is a virtual 1/0O device
(2000 In/2000 Out) for the user to perform 1/O mapping without actual physical I/O modules to facilitate
program debugging.

» Start Port: It is the physical port, on the I/O module, corresponding to the first logical 1/0 of
the input logical I/O segment to be configured. Example: The required I/O segment is DI1-
DI5. If the user chooses the corresponding physical port as 3, the relationship is that DI1-DI5
correspond to physical ports "Input Port3-Input Port7" one-to-one. Namely, if the physical port
"Input Port3" has a signal input, the DI1 status is ON; so do the states of DI2-DI5.

» Total number: It is the number of 1/O automatically calculated based on start and end IDs
(number = end number - start number + 1); (for example, DI2-DI5 corresponding to the I/O
number of 5-2+1=4). It is read only and cannot be operated by the user.

» Status: Display the status of each entry in the 1/0O mapping; there are four types: Active,
Unfindable, Modifying and Invalid.

* Active means that the I/O configuration is in an active state (successfully configured
and saved).

e Unfindable indicates that the physical module cannot be found (this situation
specifically refers to the original active state caused by the disconnection of the
physical module).

*  Modifying/To be Saved represents the modified I/O configuration, which is legal but has
not been saved yet.

* Invalid indicates that the configured content of the entry is invalid and contains missing
items (illegal) of errors or address conflicts. The user cannot successfully save it (other
entries in the Modifying/To be Saved state can be saved).

» Add: Click this button to create a new /O configuration entry.
» Save: Click to save the mapped content.
» Delete: Click to delete the currently-selected I/O configuration entry.
» Display error: Display current error and make modifications according to its prompt content.
» /O status: Click here to switch to the I/O status interface
Output

Set the output value of the robot through program execution or manual operation.

See Section 2.2 for forced output and simulated input of signals.

A Warning

The controller controls peripheral devices through signals. Forced output/simulated input may pose
adverse effects on the safety of the system in some cases. Never perform forced output or simulated
input before confirming the usage and function of the signal.
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2.1.2

Special 1/0

System I/O (UI/UO) is a special signal whose purpose has been determined in the system, namely
system 1/O signal. These signals are connected from the 1/O module to the remote controller and
peripheral devices and the robot is controlled externally. Refer to Section 2.1.1 for mapping contents of
special 1/0.

The special I/0, namely system 1/O, is described in the following:

List of UI/UO signals

Servo_Ena .
ble Servo_Enable is gsually
Servo ON. When the peripheral
enable upper computer does not
signal (it want the robot to move or
ca?n be when power is switched ON indicates  that
used as an | O™ it is switched to OFF. peripheral device
alarm It is used for safety CMDENB | control is enabled, while
signal of locking. LE OFF means that
ingtantaneo In the OFF state, the Allow peripheral device
us sto system performs the peripheral | control is disabled.
Ul[1] erioheral P following processing: UO[1] devices to | Output high level when
goftvr\)/are' or 1. Issue an alarm and control the following conditions
after ' then disconnect the servo the status | are met:
ausin it | power supply. signals of | 1. Ull5] is ON.
Itourns O?f’ the 2. Instantly stop the robot the robot. | 2. The mode switch is
Servo- (Cat. 0 stop) and in "Auto" mode.
holding suspend the execution of 3. UOJ3] is OFF.
brake to the program.
make a 3. The servo cannot
complete always be enabled.
stop? The bypass is ON.
Pause signal. It is usually
ON. In the OFF state, the " " ;
Paused" status signal.
system performs the
followi o When the program
Pause Req ollowing processing: execution status is
ul[2] - It is planned to slow down Uo|2] Paused " v .
uest : Paused", this signal is
and stop the executing . )
. ON (i.e. the robot is
action and to suspend the
. paused).
execution of the program.
The bypass is ON.
When an alarm occurs
in the system, this
Release the alarm, power alarm signal is output
Reset on the servo and and can be reset by
UI[3] Alarm reset | effectively generate a UO[3] FAULT RESET.
signal Reset request at a high Note: This signal is not

level.

output when the system
issues a warning type
alarm.
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Start or restart the
program (depending on
whether the program
status is “Aborted” or
“Pause”) and its function
is the same as the Start
button on Control Handle.
Take the effective falling
edge to start or restart the
program.

Start &
Restart
ul[4] Program
launch/resu
me signal

Program
Running
UO[4] Program
running
signal

ON indicates that the
program is running;
OFF indicates that no
program is running.

Request to terminate a
program in execution or
paused state.

It is usually ON. In the
OFF state, the system
performs the following
processing:

1) The alarm bar
indicates a program abort
request and the program
enters the abort mode. If
the program is still UQ[5]
running, immediately stop
the robot's action and
then abort the program. It
is similar to an "aborted"
alarm.

2) Allow to enable and
teach the servo, but not
to manually or
automatically execute
programs.

The bypass is ON.

This signal is set to high
level when the robot
operation  status is
Servo "Working", "On
Status Standby" or "Servo
ON".

It is at lower level under
“Servo-OFF”.

Abort
Program
Program
abort signal

uI[5]

It is only valid when the
"Program Launch Mode"
is set to "MPLCS" or
"MPLCS Simple Trigger".
Read the trigger signal for
selecting the program to It is only valid when the
be executed. When it is Selection | "Program Launch
ON, read the input of uo[6] Check Mode" is set to
Program Selection 1-6 Request "MPLCS" or "SMPLCS
and select the program to Simple Mode".

be executed.
Note: This signal is
ignored when a program
is executing (running or
paused).

Selection
Strobe
Trigger
signal

ul[6]

It is only valid when the
"Program Launch Mode" It is only valid when the
is set to "MPLCS" or MPLCS "Program Launch
"MPLCS Simple Trigger". uo[7] Start Mode" is set to
It is a start signal of Done "MPLCS" or "MPLCS
program number Simple Trigger".

selection.

MPLCS

uI7] Start

Operation Manual for Collaborative Robot System
42 /201




~gilebot

Operation Manual for Collaborative Robot System

It is only valid when the
It is only valid when the "Program Launch
"Program Launch Mode" Mode" is set to
is set to "MPLCS" or "MPLCS" or "MPLCS
"MPLCS Simple Trigger". . Simple Trigger".
ul[8]- gre?ggf}:)nn 1- The 6-digit binary number UO[8]- gglff?rtr'gn After  receiving the
Ul[13] 6 of the program number is UO[13] 1-6 Selection Strobe signal,
converted to a decimal the robot controller may
number, which is the start read the status of UI[8]-
number of the main UI[13] and feed it back
program to be executed. to the upper computer
for confirmation.
When the input level is
high, the robot enters a
UI[14] Drag mode | dragable state. If the
Signal robot is in a state where
dragging is not allowed,
the input is ignored.

2.1.3 Robot I/O

Robot 1/O is a digital signal used as end-effector 1/O by the robot. The end-effector 1/O is used after
being connected to the connector attached to the robot's wrist.

The end-effector 1/0 (I/O interface on robot body) consists of the universal signals of 6 inputs and 6
outputs.

RI [1~6] input
RO [1~6] output

The /O interface on the robot body is on the flange and there is an EE port. The I/O definition of the
interface is detailed in the Product Manual.
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Manual control of I1/O

The manual control of 1/O involves signal interaction with peripheral devices before executing the
program.

The manual control of 1/O refers to the following entries.
» Forced output
»  Simulated input

Successively click "Menu Button" — "Communication" — "I/O Status" to enter the 1/O status screen as
shown in the following figure.

023 06 06 WORKING Cantinue Jlns

TR 09:46:30
& admin ~ Manual 0y Group:l  UF:0 ~ TR0~  Joint Coordinate MANUAL 5
- 2 P > longtime 2 ' Limited
DI/DO O Cancel All Simulations 10 Mapping
ulation P N
w sim oFF oFF
w sm oFF oFF
sm oFF oFF
sm oFF oFF
w sim oFF oFF
w sm oFF oFF
sm oFF oFF
sm oFF oFF
w sim oFF oFF
w sim oFF oFF
Total 1024 > Gote 1 Total 1024 > Goto 1

Fig. 2.5 I/O Status Screen

In this interface, it is possible to view the status of 1/O, force the output signal and simulate the input
signal of digital 1/0. Write the name of the signal (supporting Chinese) in the "Name" box of the above
interface.

Choose the I/O type of manual control

Click the I/O type to choose the I/O type to be operated, as shown in the following figure.
DI/DO
DI/DO

U

RI/RO

Fig. 2.6 I/O Type Switching Window
Forced output

For the forced output, manually switch the digital output signal to ON/OFF.
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Click the icon in the green box of the 1/O status interface below, and NO/OFF will pop up. At this time,
choose the status to be forced to complete the forced output.

OFF

ON

OFF D ot
Fig. 2.7 DO Forced Output Window

Input signal simulation

Provide the input signal simulation function for the convenience of actual debugging. Click "sim" to
enable the simulation function and "UnSim" to disable the simulation function. As shown in the figure
below, the ON/OFF operation can be performed on the input signal of the enabled simulation function;
click the "Cancel All Simulations" button to cancel all simulated signals.

Port

UL Sim OFF

Unsim Iy OFF

Unsim R OFF

]
3

=]
]
]

UnSim iy OFF

UnSim ] OFF

@
3
=]
]
]

UnSim siy] OFF

InSim ] OFF

UnSim ST OFF

Total 1024 > Goto 1

Fig. 2.8 DI Simulation Window
Bypass function of special sighal Ul

Ul has a bypass function. When the bypass function is not activated, the Ul value should be its true
value (the bypass function can be only operated on UI[1]/UI[2]/UI[5]).
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Port Name Bypass Value
UIf1] Servo_Enable No “
ulf21] Pause_Request ACl No “
UI[3] Reset “
ul[4] Start&Restart “
UIl[51 Abort_Program No “
ulfe] Selection_Strobe “
uIL7] MPLCS Start “
uIr8] Program_Selection_1 “
uIf9] Program_Selection_2 “
uif10] Program_Selection_3 “
Total 13 > Goto 1

Fig. 2.9 System Signal Window

2.2 SETTING OF COORDINATE SYSTEM

The coordinate system is a position indicator system defined on the robot or space to determine the
position and pose of the robot. The robot has multiple coordinate systems as follows.

User Coordinate System |

Tool coordinate

@ RCC cable exit
@ Xaxis
Y axis
@ 7Zaxis

S

User Coordinate Systerm 2 World/Base coordinate

Fig. 2.10 Coordinate Systems of Robots

Joint coordinate system
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The joint coordinate system is set in the joints of the robot. In the joint coordinate system, the positions
and poses of the robot are determined based on the joint coordinate system on the base side of each
joint.

Cartesian coordinate system

In the Cartesian coordinate system, the positions and poses of the robot are defined by the coordinates
X, Y and Z from the origin in space to the origin (tool center point) on the tool side, as well as the
rotation angles A, B and C relative to the tool side around the X, Y and Z axes in space.

Tool coordinate system(i.e. TF)

This is the coordinate system defining the position of the tool center point (TCP) and the tool pose. The
tool coordinate system must be defined in advance. When not, the default is the end flange coordinate
system.

World coordinate system

It is the standard Cartesian coordinate system fixed in space and coinciding with the base coordinate
system.

Base coordinate system

It is the standard Cartesian coordinate system fixed to the base of the robot and the user coordinate
system is defined accordingly.

User coordinate system(i.e. UF)

The user coordinate system is a Cartesian coordinate system defined by the user for each workspace.
If not, it is replaced by the world/base coordinate system.

2.3.1  Setting of tool coordinate system

The tool coordinate system is a Cartesian coordinate system defining the tool center point (TCP) and
the tool pose. In the tool coordinate system, TCP is usually taken as the origin and the tool direction as
Axis Z.

The tool coordinate system is composed of the position of the tool center point (TCP) (X, Y, Z) and the
tool pose (A, B, C).

The position of the tool center point (TCP) is defined by coordinates x, y and z relative to the default
coordinate system of the tool center point.

The tool pose is defined by the pose of the tool coordinate system relative to the end flange coordinate
system.

The tool coordinate system is defined on the coordinate system setting screen. It is allowed to define 10
tool coordinate systems, which can be switched according to the situation.

Advantages of tool coordinate system:
» It can allow the tool to move linearly in the direction of the tool coordinate system.

» The tool can rotate around the tool coordinate system, the position of the tool's working point
is kept unchanged while the direction is changing, so that the robot pose is changing
accordingly.

» The velocity set by the program is the actual velocity of the tool working point rather than the
default velocity at the end of the flange.
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» The default tool coordinate system is the end flange coordinate system.
Setting method

» 4P method

» 7P method (only applicable to six-axis robots)

» Direct write method

& Caution

Before setting the tool coordinate system, it is required to switch the current coordinate system to the
base coordinate system and teach the poses under the base coordinate system.

Introduction to tool coordinate system interface

Tool Coordinate

ID 1 Group ID Name

Comment

X Y z
A B C

Fig. 2.11 Tool Coordinate System Setting Window
» User coordinate system: Click it to switch to the user coordinate system setting interface.
» ID: number of the currently selected tool coordinate system

» Group ID: motion group, currently supporting the robot body, with the body Group ID
represented by 1.

» Name: It is allowed to enter the name of tool coordinate system.
» Note: Notes can be made for the tool coordinate system.

Seven-point setting of tool coordinate system for robot (the four-point method is the same, but
P1-P4 are used)

The 7P method is adopted to set the tool coordinate poses as shown in Fig. 2.12. The control poses
P1-P5 should always contact with the sharp points of the calibrator and the poses of P1-P4 should be
as different as possible. When teaching P5, the end of the tool must be linear with the calibrator. P6 is
used to determine the direction of tool coordinate X and P7 to determine the direction of tool coordinate
Z. During teaching, P7 can move a distance towards tool coordinate Z based on P6.
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P7

Z+h

Fig. 2.12 7P Setting of Tool Coordinate Poses
Specific steps:

1. Click "Menu Button" — "Coordinate System" — "Tool Coordinate System" to enter the tool
coordinate system setting interface, as shown in Fig. 2.13.

Tool Coordinate User Coordinate

TF[1] D1 Group ID Name

TF(2]
Comment
TF[3]

TF[4]
& Edit

t Create Delete

Fig. 2.13 Tool Coordinate System Setting Interface 1
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2. Click "Edit" the interface is shown in Fig. 2.14.

Tool Coordinate

TF[1]

Group ID 1 Name

|ID1

Comment

TF2)
TF3]
TFI4]

Direct entry
“X 0 mm

A 0.000

*C

User Coordinate

0.000

00

Fig. 2.14 Tool Coordinate System Setting Interface 2
2. Click "Teach" the interface is shown in Fig. 2.15.

-
12 -
13-
Click the Teach
button, and the
interface is 03 | J5 + ,;
shown in Fig.
2.16.
JO o DO J6 +

Tool Align

Save Pose 1
Save Pose 2
Save Pose 3

Save Pose 4

View Reset

Fig. 2.15 Tool Coordinate System Setting Interface 3
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4-P Method 7-P Method
J1- 0834 J1+
Save Pose 1
J2- -0653 )2+ ove to point Save Pose 2
Save Pose 3
J3- -3.765 13+
Save Pose 4
- 0211 4+ a '
o
oy
J5- -0603 J5+ .
J6- 0000 Jo6+
Tool Align View Reset X ¥

Fig. 2.16 Tool Coordinate System Setting Interface 4

4. Select the pose to be taught. After teaching of that pose, click "Save Pose", and the interface is
shown in Fig. 2.17.

J1- 0834 )+

J2- -0653 )2+ ove to point Save Pose 2

Save Pose 3

J3- -3165 13+

Save Pose 4

J4- -0211 J4+ e
<ﬂnr
iy
J5- -0603 J5+ '
J6- 0.000 J6+
2 j
Tool Align View Reset " Y

Fig. 2.17 Tool Coordinate System Setting Interface 5

5. Teach 7 poses in sequence according to the requirements of Fig. 2.12.

Operation Manual for Collaborative Robot System
51/201



~gilebot

Operation Manual for Collaborative Robot System

4P Method Method

J1- 0834 )1+

Save Pose 1
J2- 0653 )2+ Save Pose 2

Save Pose 3
J3- -3.165 J3 +
M- 0211 4+ e ’

w‘%
J5- -0603 J5+ ’;
J6- 0.000 J6+
Tool Align View Reset 2 L

Fig. 2.18 Tool Coordinate System Setting Interface 6

6. After teaching of 7 poses,.Please save after confirmation”. At this time, click “Confirm”in Fig. 2.17,
and it may prompt "Coordinate system saved successfully", as shown in Fig. 2.19. At this time, the
tool coordinate system has been set.

Tool Coordinate User Coordinate

TF[1] | D 1 Group ID Name
TF2]

Comment
TF3]

TF[4]

Fig. 2.19 Tool Coordinate System Setting Interface 7

4P setting of tool coordinate system for robot
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4P setting steps: Enter the tool coordinate system setting interface, select the 4P method and teach P1-
P4 in Fig. 2.12 according to the pose requirements. Please refer to the 7P method for specific operating

steps.

Setting of tool coordinate system by direct write method

As shown in Fig. 2.20, select the direct write method to write the tool coordinate data X, Y, Z, A, B, C.

TF[2]

TF3]

TF[4]

Tool Coordinate

| ID 1 Group ID 1 Name

Comment

X 0 Y 0

Direct entry

A 0000 B 0.000 C

0.000

Coordinate

Fig. 2.20 Window of Direct Writing Method
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2.3.2 Setting of user coordinate system
The user coordinate system is a Cartesian coordinate system defined based on the user's workspace.
When not defined, the user coordinate system is replaced by the world coordinate system.

The user coordinate system is defined by the position of the origin relative to the base coordinate
system (X, Y, Z) and the rotation angles around X, Y, and Z axes (A, B, C).

The user coordinate system is used when setting and executing pose registers and executing position
compensation instructions. In addition, the position in the program can also be taught based on user
coordinates. For setting of the position register, please refer to Section 5.1.3. For execution of position
compensation instructions, refer to 3.3.5 Additional Action Instructions.

& Caution

In the case of teaching in joint form, changing the user coordinate system may not affect the position
variables and position registers. However, please note that position variables and position registers are
affected by the user coordinate system in the case of teaching in Cartesian form.

When the user coordinate system is defined on the coordinate system setting screen, 10 coordinate
systems can be defined and switched according to the situation.

Advantages of user coordinate system:

» Manually move the tool coordinate system along the edge of the working surface or
workpiece.

» Perform pose teaching with the user's base coordinates as references. If the workpiece must
be moved for its fixture has been moved (for example), it is required to simply reset the user
coordinate system to the same position on the fixture and not to teach the program points
again.

» The default user coordinate system coincides with the base coordinate system.
The data format of the user coordinate system is: [X Omm, Y Omm, Z Omm, A 0°, B 0°, C 0°].
Setting method:

1. 3P method

As shown in Fig. 2.24, the first point "X Start" is the starting point of the X-axis; the second
teaching point "X Direction" is a point in the X-axis direction; the third teaching point "Y
Direction" is a point in the Y-axis direction. After clicking "Save", the system may
automatically calculate XYZABC parameters related to the user coordinate system.

y4 z
A A

e e
/( Direction Oll?'o(Y Direction
N

SN
- - - X
X Start X Direction/x X Start X Direction”
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Fig. 2.24 3P Method Fig. 2.25 4P Method

2. 4P method

As shown in Fig. 2.25, the first point "X Start" is the starting point of the X-axis; the second
teaching point "X Direction" is a point in the X-axis direction; the third teaching point "Y
Direction" is a point in the Y-axis direction; the fourth point "Coord Origin" is the origin
position of the user coordinate system (which can be any point in space). After clicking
"Save", the system may automatically calculate XYZABC parameters related to the user
coordinate system.

3. Direct write method
Steps of 3P/4P method:

1) Click "Menu Button" — "Coordinate System" — "User Coordinate System" to enter the
interface as shown in Fig. 2.26, and Choose 3p/4p as shown in the figure below.

an . _ Continue .
as 2 developer 2 Manual O . Group:1 UF:0~ TF:1 ~ User Coordinate -
No Program Running
User Coordinate

D1 Group ID 1 Name

Direct entry

X 54 Y 5

N
IS

A 0.000 B 0.000 c 0.000

Fig. 2.26 User Coordinate System Setting Window

2) Record the poses according to the description of the 3P/4P method. After all points are
recorded, the user coordinate system can be automatically calculated, as shown in Fig. 2.27
“3P Method”/2.28 “4P Method”.
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NDBY Continue A 10%
P — Group:t  UF:0 v TF1 v User Coordinate ~ BEIVZ\NIV/EESREGHEEN

4-P Method

Move to point Save X Start P

28 2 developer 2 Manual Op

X- 39463 X+
Y- 559990 Y+ Move to point Save X DIR

Move to point Save Y DIR

Z- 890914 Z+

A- 99172 A+ e '
o,
16967 B+ ;

C- -2448 C+

@
'

. 3

View Reset x Y
Fig. 2.27 3P Setting Window
- g ON_STANDBY Continue ; 2 %
ss 2 developer 2 Manual Op No BrogramRlnning Group:1 UF:0 v TF1 v  User Coordinate v
3-P Method
X- 39463 X+
Move to point Save X Start P
Y- 559990 Y+ Move to point Save X DIR
Move to point Save Y DIR
Z- 890914 Z+ Save Origin
A- -99172 A+ J '
f“"‘mm
B- 16967 B+ '
C- 2448 C+
” 3
View Reset ® ¥

Fig. 2.28 4P Setting Window
Direct write method:

In the user coordinate system interface, choose the direct write method (Direct) to write the date of the
user coordinate system.
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+ Create

Diectenry

X 54 mm “Y 54 mm

<A 0.000 : “B 0.000

“C

- ] bele SERVO_OFF Continue )
ss 2 admin v 2 Manual O s = No Program Running Group:l | UF:1 ~ TR0 ~  User Coordinate
User Coordinate
UF[1] D 1 GroupID 1 Name
Comment

0.000

10%

MANUAL P

Tool Coordinate

mm

Fig. 2.29 Setting Window of Direct Writing Method
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2.3.3  Setting of Remote TCP

Overview to remote TCP:

The remote TCP function can be adopted to move the workpiece fixed on the robot relative to the TCP
fixed on the ground (i.e. remote TCP), so that the workpiece can perform linear, arc and other actions
relative to the tool fixed on the ground so as to complete machining.

(Welding gun)
Remote TCP

/‘__...Workpece
G-

Fig. 2.30 Design Diagram of Remote TCP

To use the remote TCP function, it is necessary to teach the robot for protruding positions relative to the
tool fixed on the ground.

The setting method of the RTCP coordinate system is consistent with that of the user coordinate
system, of which the direct write method/3P method/4P method can be adopted and the RTCP

coordinate system can be set directly in the configuration page of the user coordinate system.

Z (tool direction)

Fig. 2.31 Schematic Diagram of Remote TCP Coordinate System
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When performing jogging teach based on the RTCP coordinate system, namely parallel
movement/rotation around the remote TCP, it is necessary to select "RTCP/Tool" or "RTCP/User" from
the coordinate system drop-down menu in the page status bar and choose corresponding user and tool
coordinate systems.

TF:0 ~  User Coordinate -

Joint Coordinate

Base Coordinate
World Coordinate
User Coordinate

Tool Coordinate

RTCP User Coordinate
RTCP Tool Coordinate

Fig. 2.32 Reference Coordinate System Menu

The characteristics and differences between "RTCP/Tool" and "RTCP/User":

- Coordinate system  Centerpoint ~ Equal movement/rotation direction
~ RTCPhool RTCP Selected tool coordinate system
- Tool coordinate system TCP Selected tool coordinate system
~ RTCPluser RTCP Selected user coordinate system

Fig. 2.33 References of Remote TCP Movement Directions

When executing remote TCP actions, it is necessary to add an additional instruction RTCP of remote
tool action in the instructions. When the RTCP additional instruction is used as the motion instruction,
the user coordinate system adopted for pose recording may become the RTCP coordinate system. In
case of no RTCP additional instruction, it still maintains the user coordinate system.

A Caution

RTCP cannot be used during joint movement.

Example:

Relative to remote TCP, move the workpiece to P[1] at a relative velocity of 2000mm/s:

MoveL P[1] 2000mm/s Fine RTCP

Relative to remote TCP, move the workpiece from P[1] to P[2] at a relative velocity of 2000mm/s:

MoveC P[1] P[2] 2000mm/s Fine RTCP

Operation Manual for Collaborative Robot System
59/201



~gilebot

Operation Manual for Collaborative Robot System

234 Coordinate transformation function
Overview to coordinate system transformation:

The coordinate transformation function is as follows: select the instruction in a certain range in the
program, convert the tool or user coordinate system used in the pose data according to the motion
statement of the recorded pose data and then use the transformed program statement as a new
program or segment. Before transformation, different transformation rules can be selected to change or
maintain coordinate values in the pose data, so that the robot can move to a new actual position based
on the new coordinate system and the actual position of the robot can also be kept consistent with that
before transformation. Namely, the angles of each joint remain unchanged.

Application scenario:

Arm A previously used is damaged and should be replaced with Arm B. However, Arm B is 1cm shorter
than Arm A. In this case, the tool coordinate system of Arm B can be established first. Then, the tool
coordinate transformation rules can be configured and executed. Finally, the robot can also reach the
position reachable by Arm A when executing the transformed program.

When it is necessary to copy the working surface and its trajectory, a user coordinate system can be
established based on the new working position. Then, the user coordinate transformation rules can be
configured and executed. Finally, when the robot executes the transformed program, its relative
trajectory in the new user coordinate system can be kept consistent with that in the original working
surface.

Setting of coordinate system transformation:

1) Click "Menu Button" — "Application" — "Coordinate Transformation" to enter the coordinate
transformation interface, as shown in Fig. 2.34.

o ) nzaoEns WORKING Continue )
HH £ admin ~ | Z Manual Op. Group:1  UF0 ~ | TFO v Joint Coordinate
» longtime ;20

Coordinate Transformation

TF F TCP Fixed

Clear Data

Fig. 2.34 Coordinate Transformation Interface
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Description of coordinate transformation parameters:

>
>

Source Program: A program requiring coordinate transformation

Target Program: Name the new program after transformation here or use the original
program name.

Transform Scope: Choose All to transform the whole program or Local to transform the
specified program scope.

Program Scope: Used in conjunction with transform scope.
Target Line: Insert the line of the target program.
Transform Target: There are two types: user coordinate system and tool coordinate system.

Transform Rule: If the transform target is the user coordinate system, there are two transform
rules: Pose Data Fixed and Pose Data Changed.

B |f the transform target is a tool coordinate system, the transform rules are TCP Fixed
and Robot Fixed.

B For specific transform rules, see the detailed description of transform rules in the
following text.

Number of tool/user coordinate system before transform: The number of the tool/user
coordinate system used for the pose in the original program.

Number of tool/user coordinate system after transform: The number of the tool/user
coordinate system to be used in the target program.

After setting of the above parameters, click "Do Transformation”, and the following pop-up
window will appear.

@ Transformation completed

Original Pose Transformation Result

T

o
@

2

3)

Save the result to program: j1

Save Cancel

Fig. 2.35 Transformation Completion Window

Click “Save” to complete the transformation.
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Start

A\
Establish the user or tool coordinate
system, complete teaching and
generate a program. Configure program information,
including transform scope of source
¥ program, target program, etc.
Establish a user or tool coordinate V
system for a new working surface or
tool. Configure transformation information,
including transform rules, number of
source coordinate system and number
" of target coordinate system.
Use the coordinate transformation
function to form a new program or —_— V
segment.

Do Transformation: Select the pose data
within the specified range of the source
V program and using the number of source
coordinate system, transform the number
of source coordinate system into the
Verify the new program or segment. number of target coordinate system, and
form a new program or segment.

Fig. 2.36 Coordinate Transformation Flowchart

& Caution

Position and pose values in pose data:

Only perform offset calculation for P[ ] in the program, while the pose register PR[ ] remains unchanged
and does not involve in offset calculation.

After offset calculation, the pose P[ ] expressed based on the Cartesian coordinate system is still a
Cartesian coordinate value and the pose P[ ] expressed based on the joint coordinate system is still a
joint coordinate value.

When the P[] after offset calculation falls outside the motion space, it is saved as an untaught value if
the P[ ] is expressed based on the joint coordinate system; the offset value is directly saved if the P[ ] is
expressed in a Cartesian coordinate system.

Transformation rules in tool coordinate transformation:

>

TCP Fixed: Before and after transformation, the "Tool coordinate system number after
transformation” directly replaces the "Tool coordinate system number before transformation”
and the pose coordinate value remains unchanged in the pose data. Typical application
scenario: It is used to replace damaged tools. This rule can ensure that the new tool can still
reach the working position of the original tool when the transformed program is executed.

Robot Fixed: Before and after transformation, the "Tool coordinate system number after
transformation” directly replaces the "Tool coordinate system number before transformation”
in the pose data. However, the pose coordinate values are recalculated and generated and
their calculation rule is that the joint angle of the robot remains unchanged relative to the
original pose. Typical application scenario: It mainly lets the robot to avoid certain path
positions, but does not care about the position of TCP.
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Transformation rules in user coordinate transformation:

>

Pose Data Fixed: Before and after transformation, the "User coordinate system number after
transformation” directly replaces the "User coordinate system number before transformation”
and the pose coordinate value remains unchanged in the pose data. Typical application
scenario: When the original working surface is displaced or a working surface should be
copied, a new user coordinate system can be established based on the changed working
surface (a user coordinate system has already been established based on the original
working surface). Then, the rule is used to execute the user coordinate transformation.
Finally, when the robot executes the transformed program, it can ensure that the path of the
robot remains unchanged relative to the new working surface.

Pose Data Changed: Before and after transformation, the "User coordinate system number
after transformation" directly replaces the "User coordinate system number before
transformation” in the pose data. However, the pose coordinate values are recalculated and
generated and their calculation rule is that the joint angle of the robot remains unchanged
relative to the original pose. Typical application scenario: Actual position of the target
workpiece has not changed, but the benchmark for the workpiece has changed.
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2.3 SOFT LIMIT

The software limits and protects the reach of each axis joint of the robot and the user is allowed to set
the joint range of the soft limit according to the situation.

A Warning

1. Never rely solely on the movable range of the joint to control the motion reach of the robot. The limit
switch and hard limit should be used simultaneously. Otherwise, it may cause personal injury or
equipment damage.

2. Please adjust the hard limit to meet software adjustment. Otherwise, it may cause personal injury or
equipment damage.

& Caution

The change in the movable range of the joint has an impact on the motion reach of the robot. To avoid
malfunctions, it is necessary to reconsider the impact of changing the movable range of each axis. If the
change of the movable range is not considered sufficiently, it may lead to unexpected results, e.g. alarm
at the previously taught position.

Upper limit:

It indicates the upper limit value of the joint's movable range. It is the movable range in the positive
direction.

Lower limit:

It indicates the lower limit value of the joint's movable range. It is the movable range in the negative
direction.

Function description:

The joint range of the soft limit can be set through the operating terminal. The setting method is to
modify it in the input box with an accuracy of 0.001°. Null values and characters are prohibited. It is not
allowed to fill in a soft limit range value exceeding the factory default range (the default range is
displayed in the soft limit setting interface).

241 Soft limit interface
Steps for setting soft limit of the joint:

Successively click "Menu Button" — "System" — "Basic Setting" — "Soft Limit Setting" to enter the
screen as shown in Fig. 2.37.
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B0 9admin v 2 Manual Of Rif" = Cﬁmmue Groupl UR1 v | TR0 v  User Coordinate v

Group Number 1 Group Name GBT-C5A-850
Axis Default lower Lower Soft Upper Soft Default upper
Asds -360° -360 > 360 ° 360°
Asis2 -85° -85 > 265 ° 265°
Axis3 -161° -161 > 161 ° 161°
Asisd -85° -85 > 265 ° 265°
Axis5 -360° -360 : 360 : 360°
Axis6 -360° -360 : 360 : 360°

Fig. 2.37 Soft limit Setting interface

Through this interface, the user can set the soft limit of the robot. However, the soft limit set by the user
must be less than or equal to the default soft limit set at the factory.

» Axis: It indicates the information of all axes under the motion group.

» Soft Lower: It is the lower axis limit. It is not necessarily a negative number, but must be less
than or equal to the positive limit.

» Soft Upper: It is the upper axis limit. It is not necessarily a positive number, but must be
greater or equal to the negative limit.

& Caution

Click "Edit" to modify upper and lower limits of the soft limit. In the input box of positive and negative
limits, the system may automatically change to the upper limit of the positive limit specified at the
factory if the user fills in a value greater than the specified positive limit at the factory; the system may
automatically change to the lower limit of the negative limit specified at the factory if the user fills in a
value less than the specified negative limit. After change, click "Save" to make it effective immediately.
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2.4 PAYLOAD SETTING

Summary of payload setting:

The payload setting is to set relevant information of the payload (weight, barycenter, etc.) mounted on
the robot.

The following effects can be achieved by setting payload information appropriately.
» Improve motion performance. (reduced vibration, better cycle time, higher accuracy, etc.).

» Effectively utilize relevant dynamic functions. (Improve the collision detection function, gravity
compensation function and other properties.)

If a greater error is found in payload information, it may lead to great vibration or incorrect detection of
collisions. In order to more effectively use the robot, the user is recommended to appropriately set
payload information of the devices arranged on robots, workpieces or arms.

The payload information can be set on the "Payload Setting Screen”. 10 payloads can be set on this
screen. Multiple payloads can be set in advance. Then, the payloads can be changed by simply
switching their numbers. In addition, the payload number can be switched in the program through
program instructions (see Section 3.8.5).

The robot can achieve optimal control accuracy and stability under corresponding payloads by selecting
or adjusting internal control parameters for different payloads.

The payload is set in the following steps:

1. Successively click "Menu Button" — "System Setting" — "Basic Setting" — "Payload Setting"
to enter the screen as shown in Fig. 2.38. The payload activated at default is set to [Payload:
0] and cannot be edited.

. 20T0ee WORKING Continue

H 2 admin ~ 2 Manual Op. Group:1  UF:0 v~ | TF:0 v Joint Coordinate

lengtime 116
Payload Setting
ad[0:default
Payload[1]
Payload|[2]

Weight
Payload(3]

Fig. 2.38 Payload Parameter Interface

2. Click “New” and set a new payload. Click "Edit" to manually input payload data, as shown in
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Fig. 2.39. - aCanceI editing, - °Save editing.

2023-11-16 - -
48: SERVO O Continue
28 2admin v 2 Manual Of g0 =

= i Group:1  UF:1 ~ TR0~  User Coordinate MANUAL NJ?M

Payload Setting

Payload[0:default] D Name

Payload[1:Default] 1 Default

Weight

Barycenter Moment of inertia

0 0.050295

64 0.02689

0.028201

0

Fig. 2.39 Payload Parameter Interface

Among others, M (kg) is the mass of the payload, X (mm), Y (mm) and Z (mm) are the barycenter
positions of the payload relative to the flange center as shown in Fig. 2.39, and Ix, ly and 1z are the

rotational inertia of the payload relative to X, Y and Z coordinates. When the payload of the robot is
taken as a mass point, the moment of inertia Ix, ly and Iz are written as O.

Fig. 2.40 Payload Position Reference

The setting of activated payload is shown in Fig. 2.40, with a "\" mark in front of the activated
load.
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2.5 ZERO CALIBRATION

Zero calibration is an operation associating the angle of each robot joint with the pulse count.

The zero calibration operation is to obtain the pulse count corresponding to the zero-point position.

The “zero calibration” is completed before ex-factory. It is unnecessary to perform zero calibration in
daily operations. However, zero calibration should be performed in the following situations.

Please contact us for performing high-precision calibration in the following situations: the motor, pulse
encoder or gearbox is replaced.

Zero calibration method
» General calibration method

» Direct writing method of zero encoding data
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2.6.1 General calibration method

Select one or several axes and record their current readings as new zero data in the parameter file of
the robot's Flash. The recording objects include main axis and additional axes of the robot (if any). It is
possible to calibrate a single axis. (For example, if a user moves a robot to the zero pose of a certain

axis and then uses this function to achieve zero calibration of the robot.)

It is required to perform zero calibration when the loss of zero calibration data for a specific axis is
caused by the voltage drop of the battery for the replacement of the pulse encoder. Select the general
calibration method and check multiple axes or a single axis for calibration. Check “complete” and click

the “calibration” button to complete the calibration.

Sadmin v | £ Manual Op. Groupl URO TR0 Joint Caordinate

Rasst Encader 0 Caligrate

Fig. 2.41 Interface of General Calibration Method
The steps for general calibration method are as follows:

1. The robot reaches the zero position of each axis.

2. Successively click "Menu Button" — "System" — "Basic Setting" — "Zero-point Setting" to

enter the screen as shown in Fig. 2.42.

WORKING Continue

1] 0 ,
2 admin
. »  longtime 16

2 Manual Op. Group:1  UF0~ | TF0 v

Axis 1 328.1742317533568 Norma

Axis 2 144.4476531931862 Norma

Axis 3 189.53634222425487 Norr

Axis 4 33.39393666461585 Normal

Axis 5 169.5383348797281 Normal

Axis 6 119.91512418694052 Normal

Reset Encoder

Methoc General Calibration Method Group

Joint Coordinate

1: GBT-C5A-850

EP Calibrate
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Fig. 2.42 Zero-point Status Screen

3. Click the calibration method in the upper left corner of the zero-calibration screen and then
click "General Calibration Method".

4, Click the box in front of the axis number to select all axes to be calibrated as shown in 2.43;
alternatively, select an axis to be calibrated separately as shown in Fig. 2.44.

= | o ] SO WORKING Continue . : 100%
= 2 admin ~ | & Manual Op. - s Groupl  UFO ~ | TR0 ~  Joint Coordinate ~ MANUAL Limited
Method  General Calibration Method Group | 1:GETCAA-RS0
-] Acxis Na. Offzet [7) Status
Axis 1 328.174231753356% Normal
2 A2 144.0476531931862 Narmal
is 3 -180.63634222425487 Narmal
2 is 4 33 39393666461585 Narmal
- g -160.5383348797281 Normal
s 6 -119.9151 2418604052 Normal
Reset Encoder El* Calibrate
Fig. 2.43 Selection of Multi-axis Screen
HIZI0E-DE W
2% Zadmin v | 2 Manual Op. 107354 WORKING Continue Goupl | UED~ | TED~  Joint Coordinate MANUAL e
= > longtirme D2 SIS
Method — General Gallbration Method Group 1 GET-CSA-BS0
= Axis No. Offeet () Status
e -328.1742317533568 Normal
tixis 2 144.4476531031862 Mormal
hkis 3 -189.53634222425487 Normal
sieis 4 3330303666461 585 Mormal
hkis § -160.53833487097281 Normal
s & -119.9151 2418694052 Nermal
Reset Encoder Hi Calibrate

Fig. 2.44 Selection Single-axis Screen
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5. After selecting the axis to be calibrated, click the "Calibration Button". If the “Calibration
success" message pops up, the zero-point status of the calibrated axis may change to
"Unsave".

6. Click “Calibrate” to complete the calibration.
2.6.2  Direct input encoder calibration

As for the direct input encoder calibration, the zero calibration data can be directly entered into the
system variables. This operation is used in the situations where zero calibration data is lost while pulse
data is still maintained.

The steps for direct input encoder calibration are as follows:

1. Choose the "Direct Input Encoder Calibration" as the calibration method, click on the check
box in front of the axis number, and select the axis to be calibrated.

2.  Write zero data within the offset; then, click "Calibrate" and finally click "Save".

aw | . ) ] 20230900 WORKING Continue ) )
1 2 admin ~ 2 Manual Op. Group:1  UF0 v | TF:0 v Joint Coordinate
> longtime 13
Method | Zero encoded data direct write Group  1:GBT-C5A-850
=l
Axis 1 328.1742317533568 Norma
Axis 2 144.4476531931862 Normal
Axis 3 -189.53634222425487 Normal
Axis 4 33.39393666461585 Norma
Axis 5 -169.5383348797281 Normz
Axis 6 119.91512418694052 Normal

Reset Encoder £} calibrate

Fig. 2.46 Window of Direct Writing Method
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2.6.3 “Temporary Shield Error” function key

When a zero-point error is found on an axis, press the "Temporary Shield Error" button (but do not
select a specific axis) to shield the axis reporting an error. So, the alarm axis of the robot can jump out
of the alarm state and move on again (limited to joint teaching motion).

The “Temporary Shield Error” function key is only effective for axes with a "zero-point loss flag", while
other axes continuously use the original "zero-point data".

After performing a new zero calibration on the problematic axis and saving the calibration data, the
"zero calibration shield" flag on that axis disappeared. When the "zero calibration shield" flags on all
axes disappear, the robot can resume its normal motion mode.

2.6.4 “Reset Encoder/Clear Encoder Error” function key

It is necessary to clear the multi-circle of the encoder after the robot body is reassembled or a multi-
circle error occurs on the encoder. At this time, an "encoder error" alarm may appear generally. Note
that the general calibration method or direct input method can be only used in the case of zero-point
loss alarm.

Please note that the "Reset Encoder"” function key (as shown in Fig. 2.47) can only be pressed when all
axes of the robot are in mechanical zero position (as this function key is facing all axes of the robot).
Otherwise, subsequent calibration may not achieve optimal accuracy.

. ante WORKING Continue
H3 S admin ~ | 2 Manual Op. - Group:l | UFD ~ TE.D ~ Joint Coordinate
> longtirme D2

Metho General Callbration Methoc Group 1. GET-CSA-B30

focia 1 -328.1742317533568 Norma
Axis 2 144, 4476531931862 Norma
i 3 -189.53634222425487 Norma
A 4 33.30393666461 5685 Norma
Akiz § -169.5383343797281 Norma

s 6 -119.9151 2418694052 Norma

Reset Encoder Ei Calibrate

Fig. 2.47 Zero Status Window

After pressing this button, a warning dialog box may pop up, as shown in Fig. 2.48.
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WARNING

Resetting the encoder will cause the
robot to lose all its axis zeros and
invalidate the previously calibrated
offset data. High accuracy can only be
restored by contacting the manufacturer
for professional calibration.

Please refer to User Guide or Alarm
Manual for use in accordance with the
instructions contained.

Perform this operation?

Fig. 2.48 Reset Warning Window

After confirming the operation, clear the multi-circle data of all encoders and set the zero-point loss flag
regardless of whether the previous zero-point was lost. The user is required to perform zero-point
calibration.

Unreasonable clearing of multi-circle data may affect the accuracy of the robot and should be done
carefully. If the user accidentally clear multi-circle values, it may lead to a decrease in the accuracy of
the robot. Then, a dedicated calibrator should be used to recalibrate and restore the accuracy of the
robot. If necessary, it is recommended to contact us to perform the calibration.
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2.6.5 Description of zero-point calibration scenarios
Scenarios where it is necessary to press the "ClearMultiCircle" function key:

» When the multi-circle value is abnormal on the encoder, it is also necessary to clean the
multi-circle value before zero calibration.

Scenarios where it is unnecessary to press the "ClearMmultiCircle" function key:

» A zero-point loss alarm or zero-point abnormality warning may appear. In this case, in case
of a zero-point loss alarm, a zero-point calibration can be performed; in case of a zero-point
abnormality warning, a pop-up of "Please manually confirm whether the zero point is normal"
may appear when performing zero-point calibration. Click the Normal option, the warning will
automatically disappear and the system will return to normal.
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2.6 GENERAL SETTING
2.7.1 Time/Language setting

Successively click "Menu Button" — "Administration” — "Time/Language" to enter the screen as shown
in Fig. 2.49.

The user can change current time and switch Chinese or English language.

20230806
- WORKING Continue
T o ; 10:19:25 . . 100%
admin ~ | 2 Manual Op. Group1  UFO ~  TRO v Joint Coordinate ~ Pty
u= - P > lengtime 22 P MANUAL Limited
Clock/Language
Time Setting :
08/06/2023 10:19:23

Language Setting .

Fig. 2.49 Time/Language Setting Window

& Caution

The time setting can be completed by shutting down and restarting the system.
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2.7.2 Choose robots

This function is used to connect the robots in the same segment as the operating terminal.

Successively click "Menu Button" — "System" — "Other Settings" — "Choose Robots" to enter the
control screen. Enter the robot IP you want in the “new robot” and click "Confirm".

2.7 SYSTEM PARAMETERS
28.1 Type

>

Model parameters: They are only related to the product model and derived from the design
parameters generated by design and development. They may be mechanical parameters,
controller parameters or verified performance parameters. The model parameters of the
same model have the same format and numerical values, unless the design of the model has
been changed.

Robot parameters: They are physical parameters only related to a specific product or certain
parameters not accurately calculated by the design theory. They are caused inevitably by
inconsistencies in actual production and manufacturing and their values are different for each
robot.

User parameters: External interfaces are provided to allow the users to frequently change
parameter values (the users are end users or function developers. Not all parameters are
open to end users). These parameters are targeted towards application and based on
application demands.

Temporary parameters: They are parameter data temporarily recorded to meet certain
mechanisms or software functions in the system. If being saved after power down, these
parameters are generally recorded in NV-RAM. Otherwise, they are stored in the memory.
They are only related to the state of the robot at a certain moment, but unrelated to physical
properties, algorithm variables or user settings of the robot.

2.8.2 Configuration of user parameters - Setting of general system variables

Successively click "Menu Button" — "System" — "General System Variables" to enter the screen as
shown in Fig. 2.52.
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2023-08-06

102150 WORKING

28 Sadmin ~ 2 Manual Op.

TP manual mode indication signal

TP manual speed limit mode indication signal

Automatic mode indication signal

TP offline mode indication signal

Check stability time once pose/angle Fine in place,Unit:ms

Current pose register transfer

Current TCP end speed,Unit:mm/s

Vision controller IP

Continue

Group1  UF0 ~ | TFO v~ Joint Coordinate ~

longtime 22

General System Variables

& Edit

Fig. 2.52 System Variable Interface

Description of general system variable parameters:

Contents of general system variables

Meaning

TP manual mode indication signal

Select the configured digital output signal. The signal
status is ON when the mode switch is in the manual mode
or off otherwise.

TP manual speed limit mode indication
signal

Select the configured digital output signal. The signal
status is ON when the mode switch is in the manual
limited-speed mode or off otherwise.

Automatic mode indication signal

Select the configured digital output signal. The signal
status is ON when the mode switch is in the auto mode or
off otherwise.

TP offline mode indication signal

The collaborative robot is in off state.

Check stability time once pose/angle Fine
in place

Check stability time once pose/angle Fine in place, unit: s

Current pose register transfer has two
types: joint transfer and Cartesian
transfer.

When joint transfer is adopted, the data in the configured
PR register is the current joint data of the robot. When
Cartesian transfer is adopted, the data in the configured
PR register is the current pose data of the robot. The PR
register contains all PR parameters, including pose
parameters, number of rotations, and joint configuration.
The data in this PR register will be updated every 8ms.

Current TCP end speed

The configured register will represent current TCP speed,

which is updated every 8ms.
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2.8 USER LEVEL

Some functions and settings can only be accessed by the users with appropriate levels. There are three
user levels in the system:

» Operator

» Engineer

» Administrator (Admin)
Default password:

Except for the operator, every level needs a password to activate the system. Different users have
different operation authorities. (The operation authorities of different users can be found in the section
of system authorities for operators in the Safety Instructions)

The operator does not have a default password. The default passwords for other users are shown in
the table below.

User type Default password

Robot engineer

Admin 123
The steps to log in as a user are as follows:

1. Click "Login" status bar to enter the login interface, as shown in the following figure:

Fig. 2.53 Login Interface

2. Click “Choose” to select the type of user to log in.

3. Enter the user password of corresponding type and click "Confirm" to complete the login.
Steps for robot engineer to modify the password

1. Login as the admin.

2. Successively click "Menu Button" — "User Management" to enter the user management
interface, as shown in Fig. 2.54.
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28 2admin v~ 2 Manual Of Eufgiigwmco SERVO'SFF Cﬁmtinue Group:1 | UF:1 ~ TF:0 ~ | User Coordinate ~ MANUAL N;(z?:’nit
User Management @ bt Uz
Username Role Description Operation
1 admin administrator Super privileges  Edit & Delete
2 engineer engineer Debug Engineer ¥ Edit [ Delete
3 1 engineer  Edit fi Delete
Total 3 1 Goto 1

Fig. 2.54 User Operation Interface

3. Click "Edit" after the engineer to enter the “Edit User” interface, as shown in Fig. 2.55.

Edit User

* Username

* User Permissions

Debug Engineer

* Password

Change Password

% Cancel ~ Confirm

Fig. 2.55 “Edit User” Interface

4. Click  before “Modify Password” to enter the password modification interface , as shown in
Fig. 2.56.
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Edit User

* Username

* User Permissions

Debug Engineer

* Password

@ Change Password

* New Password

* Confirm New Password

*x Cancel ~ Confirm

Fig. 2.56 “Modify Password” Interface
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5. Enter 123 in the “Password” field, then enter “New Password” and “Confirm New Password”,
and click “Confirm” to complete the password modification.
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3 COMPOSITION OF PROGRAM

This chapter describes the composition and instructions of the program.

A robot application consists of instructions and other accompanying information required by the robot to
perform tasks and recorded by the user.

In addition to program information describing how the robot performs tasks, the program also includes
detailed information on defining properties.

Program Prupertles

Program Adapt Model Mame: RTM-PTA

Name Basic Test MOVE)
Note
Type None

* Cancel + Confirm

Fig. 3.1 Program Property Interface

The program property contains the following information:

Program name, program comment, program type, create date and update date
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AT WORKING Continue

=8 2admin ~ 2 Manual Op. longtime s Groupl  UF0 ~ | TRD ~  Joint Coordingte ~ MANUAL Lm:
# Nome + Tipe Update Time Author Mole Brotection
1 alrele_CiH Maona 2023-08-04 10:21°56 tm R IEC =
z angtime Maone 2073-08-04 10:37:43 sdmin
3 PTA_TO0_pose_tesl_main_ur None 2023-09-05 16:32:49 admin HARFFEFPTATOOE N 0 SRR S ST
4 P74 calibration_test_main Maone 20230912 21:45:39 adimin Senerated by Leica2json.py
a test MNaone 2023-08-04 12:50:46 admin

Fig. 3.2 Program List Interface
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Action instruction

Program name:
Line number ———

Arow —1§] 7 [MOVEL] P[1: 1, 500mm/s, FINE
Cursor MOVEL P[2: ], 500mm/s, FINE

END)

End marker

Fig. 3.3 Program Editing Statement Interface
The program is composed of the following information:
» Line number assigned to each program instruction.
» Action instruction instructing the robot to move in which direction and by which means.
» Program instruction containing the following contents.
* Register instruction for storing numerical data.
* Position register instruction for storing robot position data.

* /O (input/output) instructions for sending signals to and receiving signals from
peripheral devices.

* Transfer instructions (IF, WITCH, CALL) for changing the flow direction of the program
when the defined conditions are met.

*  Wait instruction for postponing program execution.
* Annotations added to the program.
e Other instructions

» The end marker indicates that no more instruction is left in the program.
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3.1 Program property

The program properties are set on the program property screen. "Program property" is displayed when
it is selected on the program list screen.

3.1.1 Program name

The program names are used to distinguish programs stored in the memory of the controller. It is not
allowed to create more than 2 programs with the same name in the same controller.

Length

The length of the program name consists of 1 to 60 characters. The program name must be unique to
the program.

Characters allowed

Letters: English letters.

Number: 0~9. The program name cannot start with a number.

Mark: Only _ (underline) allowed. @ and * cannot be used.

Contents

The program must be named in a way clarifying its purpose and function.
3.1.2 Comment

A comment can be added to the program name when a new program is created. The comment is used
to describe additional information to display along with the program name on the program list interface.

Length

The length of the program comment consists of 1 to 1000 characters.
Characters allowed

Any character, number, symbol or Chinese character can be used.
Contents

The program comment must be described in a way clarifying the program purpose and function.
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3.1.3 Program type
There are program types as follows:

» None - The program called as a subprogram from the working program and used to execute
specific tasks.

» Main - The program started as the main program from the operating terminal or an external
device.

» Macro - The program used to execute macro instructions.
Main - Main program:

It can be called by Local Trigger, MPLCS and MPLCS Simple Trigger. When the program type is
selected as Main or Macro, a list of program start points and program numbers is additionally shown on
the program property interface. The programmer is allowed to choose whether to disable the "Program
Start Point" function. as shown in Fig. 3.5. the program number should be set only when the program
type is selected as Main. Please see Section 4.3 for details of the program starting points; additional
descriptions of Section 4.2.2 for details of program numbers.

Program Properties Program Properties
Name 1 Name

Note Note

Type Main Type

Program No. Program No

Fig. 3.4 Program Number Setting  Fig. 3.5 Program Start Point Setting
Macro - Macro program:
During execution, a macro program can be called through macro start.

Introduction to macro program launch mode: The user can set it in the special program settings (macro
settings) interface and each macro program corresponds to a DI one by one. A macro program can be
started through pre-set I/O. When the program type is selected as Macro, a list of program start points
and program numbers is additionally shown on the program property interface as well. The programmer
is allowed to choose whether to disable the "Program Start Point" function.

None - General program:

There are no special restrictions or distinctions. In the auto mode, it cannot be started by any means
other than Local Trigger mode (manually pressing the start button). However, it can be called by other
programs.

3.14 Program protection
Write protection can be used to specify whether the program can be changed or deleted.

When program protection is enabled, it is not allowed to add data to the program or modify the program.
After program commissioning, turn on program protection in the program list interface in order to
prevent oneself or others from rewriting the program (Fig. 3.2 Program List Interface).

Operation Manual for Collaborative Robot System
86 /201



~gilebot

Operation Manual for Collaborative Robot System

3.2 Line number, end marker, arrow and parameter
Line number

The line number is automatically inserted next to each instruction added to the program. When the
instruction is deleted, the program automatically reassigns the number so that the initial line is always
Line 1 and the second line is Line 2.

When the program is changed, the line number can be used to specify which line should be used as the
object for moving, deleting or specifying the scope through the cursor.

In addition, the cursor can also be moved to the target line number by clicking "Jump To" in the
program editing screen.

End marker

The end marker (END) is automatically displayed after the last instruction in the program. As new
instructions are added, the end marker of the program can move towards the bottom of the screen
while maintaining its position on the last line of the program.

When executing the last instruction to the end marker, the program ends and the arrow stops at the end
marker.

Arrow
The line number pointed by the arrow indicates that the program has been executed to this line.
This chapter will explain program instructions required for program creation/modification in the following.

Programs are created/modified on the program editing screen (see Section 4.1 for program creation
and modification).

Parameter i

The parameter i is the exponent used in the specification of control instructions (program instructions
other than action ones). The parameter can be specified directly or indirectly. Direct specifying is
usually to specify integers within the range of 1 to 32767. The range of values varies depending on the
type of instruction used. Indirect specifying is to specify the register number.

Parameter i

Direct specifying: number (e.g. R [i])

Indirect specifying: the value of a register with a
certain register number i is used as a parameter

(e.9. R[R i)

Fig. 3.6 Format of Parameter i
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3.3 Action instruction

The action instruction refers to the instruction causing a robot to move towards a designated position in
the workspace at a specified velocity and method. The contents specified in the action instruction are
as follows. The instruction format is shown in Fig. 3.3.

» Action type - Specify trajectory control towards the specified position.

» Position data - Teach the robot where it will move.

» Movement speed - Specify the movement speed of the robot.

» Positioning type - Specify whether to locate at the specified position.

» Additional instruction - Specify the execution of an additional instruction in an action.

It is required to teach action instructions (see Section 4.1.5 for creation of action instructions and
Section 4.1.6 for modification of action instructions).

3.3.1  Action type

Action type specifies travel trajectory towards the specified position. Action types include: joint action
without trajectory/pose control (MOVEJ), linear action with trajectory/pose control, and arm action.

» Joint action (MOVEJ)
» Linear action (MOVEL)
» Arc action (MOVEC)
Joint action (MOVEJ)

MOVEJ is a basic method of moving a robot to a designated position. The robot accelerates and moves
along all axes simultaneously, and then decelerates and stops simultaneously. The movement
trajectory is usually non-linear. Record the type of action when teaching the end point. Joint movement
velocity (%) is the percentage relative to maximum movement velocity. The pose of the moving tool is
uncontrolled.

e P2

Target point

F1 Example 1:mover ppig 1253 FINE

Start point 2: MOVE) P[2], 100%, FINE

Fig. 3.7 Schematic Diagram of Joint Movement
Linear action (MOVEL)

MOVEL is a movement method that the movement trajectory of the tool center point from the start point
to the end point is controlled linearly. Record the type of action when teaching the end point. The unit of
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linear movement velocity is mm/s. The pose of the moving tool is controlled after the poses of start and
target points are separated.

®p2
Target point

F1 Examplel: MOVEL P[1:], 500mmys, FINE
Start point 1: MOVEL P[2:], 300mmys, FINE

Fig. 3.8 Schematic Diagram of Linear Movement

The rotation action is a movement method that the linear action is adopted to rotate the pose of a tool
from the start point to the end point around the tool center point. The pose of the moving tool is
controlled after the poses of start and target points are separated. The movement trajectory (when the
tool center point is moving) is controlled linearly.

F2

/ Target point

Pl
Start point Example 1: MOVEl P[1:], 10%, FINE

2: MOVEL P[2:], 500mmy/s, FINE

Fig. 3.9 Schematic Diagram of Rotary Movement
Arc action (MOVEC)

MOVEC is a movement method that the movement trajectory of the tool center point is controlled in an
arc manner from the start point, via the passing point, to the end point. The passing point and target
point are taught in an instruction. The unit of arc movement velocity is mm/s. The pose of the moving
tool is controlled after the poses of start, passing and target points are separated.
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e P3
Target point

P2

Passing point

Example 1: moves p[1:), 10%, FINE
2: MOVEC P[2:], P(3:], 500mm/s,
FINE

e Pl
Start point

Fig. 3.10 Schematic Diagram of Arc Movement

3.3.2 Position data

Position data stores the position and pose of the robot. When action instructions are taught, position
data is also written into the program.

Position data includes: joint coordinates based on joint coordinate system and Cartesian coordinates
represented by tool positions and poses in the workspace.

Cartesian coordinate

The position data based on Cartesian coordinates is defined through four elements: TCP position
(origin of tool coordinate system) in the Cartesian coordinate system, tool pose, form, and Cartesian
coordinate system used.

The world or user coordinate system is used in the Cartesian coordinate system. The selection of these
Cartesian coordinate systems will be discussed later in this section.

Position and pose

* Position (x, y, z): The TCP position (origin of tool coordinate system) in a Cartesian coordinate system
is represented by 3D coordinates.

* Pose (A, B, C) - It is represented by the rotation angle around Axes X, Y and Z in the Cartesian
coordinate system.

Form

Form refers to the pose of the main body of the robot. There are multiple forms meeting the conditions
of Cartesian coordinates (X, Y, Z, A, B, C). To determine the form, it is necessary to specify the joint
configuration and rotation number for each axis.

Joint configuration

The joint configuration represents the configuration of wrist and arm. It is to specify which side the
control points of wrist and arm are located relative to the control surface. The robot is located at a
singular point (special pose) when the control points are overlapping with each other on the control
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surface. The robot cannot operate for there are infinite forms based on specified Cartesian coordinates
on the singular point.

» The robot cannot work at positions located at singular points. (In some cases, the most
obtainable form can be selected for operation.) In this case, teaching can be performed
through joint coordinates.

» In straight lines/arcs, the robot cannot pass through singular points on the path (joint
configuration cannot be changed). In this case, joint movement is adopted.

Rotation number

It represents the rotation number of the axes (J3, J4, J6) for a six-axis robot. These axes return to the
same positions after a rotation. So, it is required to specify the number of rotations. The rotation number
of each axis is 0 at a position of 0°.

In the case of programmed linear and arc actions, the robot moves towards the target point in the
closest pose leaving from the starting point. At this moment, the rotation number at the target point is
automatically selected. So, the actual rotation number of the robot at the target point may differ from
that shown in the position data in some cases.

Verify Cartesian coordinate system

The verification of the Cartesian coordinate system is to detect which coordinate system number is
used when the positional data based on Cartesian coordinates are reproduced.

If 0-10 is specified in the number of tool coordinate system and in the number of user coordinate
system, the coordinate system number during teaching should be the same as that during reproduction.
Otherwise, the robot collision may occur. The coordinate system number is written into the position data
during position teaching. To change the written coordinate system number, it is required to change
(activate) the coordinate function by the tool/user and then teach the point again.

Number of tool coordinate system (UT)

The number of tool coordinate system is specified by the number of the end flange or tool coordinate
system. The coordinate system on the tool side is determined accordingly.

»  0: The default tool coordinate system (end flange coordinate system) is used.
» 1-10: The tool coordinate system with the specified number is used.
Number of user coordinate system (UF)

The number of user coordinate system is specified by the number of the world or user coordinate
system. The coordinate system of the workspace is determined accordingly.

» 0: The base coordinate system is used.
» 1-10: The user coordinate system with the specified number is used.
Position variable - P[i]

The position variable is a standard variable for position data storage. The position data is automatically
recorded when the action instruction is taught.

The following Cartesian coordinate system and number are used when Cartesian coordinates are
taught.

» Coordinate system with currently selected tool coordinate system number (UT=0-10).
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» Coordinate system with currently selected user coordinate system number (UF=0-10).
The following Cartesian coordinate system and number are used during reproduction.

» Coordinate system with taught tool coordinate system number (UT=0-10).

» Coordinate system with taught user coordinate system number (UF=0-10).
Position register - PRJi]

The position register is a universal variable used to store position data. (For position teaching of
position register, see Section 5.1.3)

The following Cartesian coordinate system and number are used when Cartesian coordinates are
taught.

» Coordinate system with currently selected tool coordinate system number (UT=0-10).

» Coordinate system with currently selected user coordinate system number (UF=0-10).
The following Cartesian coordinate system and number are used during reproduction.

» Coordinate system with taught tool coordinate system number (UT=0-10).

» Coordinate system with taught user coordinate system number (UF=0-10).

& Caution

Due to no UF/TF in the PR register, it represents the pose of the specified TF under the currently
activated UF during program execution. So, switching between different UF/TF may result in different
positions of the actual robot in space.

P represents local pose data, including UF/TF. If P is used in the motion instruction but inconsistent with
UF_No and TF_No, the program cannot continuously execute downwards and it is required to modify
UF_No and TF_No to make them consistent with P record.

Position number - P[i]

Names (containing 31 characters at most) can be added to the position humber and the position
register number.

Example: MOVEJ P[1:pointl], 10%, FINE
MOVEJ PR[1l:point2], 10%, FINE

3.3.3 Movement speed

The robot's movement speed can be specified in the motion instruction. The movement speed is limited
by the speed multiplier during program execution. The speed multiplier ranges from 1 to 100%. The unit
specified in the movement speed varies according to the type of action taught by the action instruction.

MOVEJ P[1:], 10%, FINE

When the action type is MOVEJ, the ratio of relative maximum movement speed can be specified in the
range of 1-100%.

MOVEL P[2:], 500mm/s, FINE
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When the action type is MOVEL or an arc action, the unit is mm/s and the ratio is specified between 1
and 4000 mm/s.

Specify the speed through the motion register (MR).

It is allowed to specify the speed through the motion register. Thus, the movement speed of the action
instruction can be specified after it is calculated in the motion register.

& Caution

This function can be used to freely change the robot's movement speed through the motion register.
Therefore, sometimes it may cause the robot to act at unexpected speeds according to the specified
motion register value. When this function is adopted, it should be noted to fully confirm the specified
motion register value during teaching/operation.

Display of action instruction for the movement speed specified through the motion register
» MOVEJ P[1:], MR[i:]%, FINE
> MOVEL P[2:], MR[i:lmm/s, FINE
> MOVEC P[3:], P[4:], MR[i:lmm/s, FINE

3.3.4  Positioning type

The end-of-action method can be defined for the robot in the action instruction based on the positioning
type. There are two positioning types under standard circumstances.

» FINE positioning type
»  SD positioning type
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FINE positioning type
MOVEJ P[1:], 10%, FINE

According to the FINE positioning type, the robot stops at the target position (positioning) and then
moves towards the next target position.

SD positioning type
MOVEJ P[1:], 10%, SD50

According to the SD positioning type, the robot approaches the target position and proceeds to the next
position with no complete stop at that position.

The extent that a robot approaches the target position is defined by a value between 0 and 1000.

When 0 is defined, the robot moves at the closest position to the target and proceeds to the next
position with no complete stop at that position.

The greater the SD value, the lower the deceleration of the robot near the target position and the farther
away the robot from the target position.

& Caution

In the case of programmed wait and other instructions after the action instruction of SD is specified, the
robot may stop on the trajectory of the corner and execute this instruction under standard settings.

When multiple actions are continuously performed with short distance and fast speed in the SD mode,
even the SD value of 1000 may cause the robot to slow down.

Next point
>

Target point -

SDO

\ SD500

4 Startpoint  SP1000
Pl

Fig. 3.11 Schematic Diagram of Corner Radius
3.35 Additional commands for actions

Additional instructions cause a robot to perform specific tasks during its actions. There are additional
instructions as follows.

»  Tool offset instruction Tool_Offset

Operation Manual for Collaborative Robot System
94 /201




~gilebot

Operation Manual for Collaborative Robot System

» Position offset instruction Offset
»  Trigger before instruction TB

»  Trigger after instruction TA

» Distance-based trigger instruction DB

» Motion parameter switch instruction Swift
» Remote tool center point instruction RTCP
»  Skip instruction SKIP

Tool offset instruction (tool center point)

MOWEL P[L] 500mmss, FINE. TOOL OFFSET PR[1] TF[1]

.T '

| i
Requir Optional
ed paramete

param r
eter

Required parameter: It represents offset with the type of PR register.
Optional parameter: Tool coordinate system as offset reference

Tool offset instruction - The target position recorded in the position data causes the robot to move to a
position only offsetting the offset amount specified in the tool offset condition. The offset condition is
specified by the tool offset condition instruction.

The tool offset conditions specify the following elements:
» The position register specifies the direction and amount of offset.
» The tool coordinate system is used when offsetting.

» The current tool coordinate system is used if a tool coordinate system is not specified as the
offset reference. If a tool coordinate system is specified as the offset reference, the offset is
based on the specified coordinate system.

If the basic motion instruction is MoveJ (the offset object point, i.e. target P[n] in the Move instruction, is
executed in joint form), it will be transformed into joint coordinates to execute the offset on the joint
even if the expression specifying the offset PR[x] is in a Cartesian coordinate system. However, the
transformation process is executed based on the offset reference specified by the TF[i] parameter.

Position offset instruction (Offset)

MOWVEL P[1:], S00mm/s, FINE, OFFSET PR‘L[II UF‘[:L]

Optiona
|
parame

tar

Requir
ed
parame
ter

Required parameter: It represents offset with the type of PR register.
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Optional parameter: User coordinate system as offset reference

Position offset instruction - The target position recorded in the position data causes the robot to move to
a position only offsetting the offset amount specified in the position offset condition. The offset condition
is specified by the position offset condition instruction.

The position offset conditions specify the following elements:
» The position register specifies the direction and amount of offset.
» The offset of the joint is used when the position data is the joint coordinate.

» When the position data is a Cartesian coordinate, the user coordinate system specified by
the optional parameter is used as the offset reference. If not specified, the current user
coordinate system (UF) is used.

In addition to PR, a specific point information can also be used as a required parameter in the position
offset instruction. C_ VEC (X, Y, Z, A, B, C) or J_VEC (J1, J2, J3, J4, J5, J6) directly specifies the offset.
Among them, the data is of Cartesian type in C_VEC and joint type in J_VEC.

If the basic motion instruction is MoveJ (the offset object point, i.e. target P[n] in the Move instruction, is
executed in joint form), it will be transformed into joint coordinates to execute the offset on the joint
even if the expression specifying the offset PR[x] is in a Cartesian coordinate system. However, the
transformation process is executed based on the offset reference specified by the UF[] parameter.

Trigger before instruction (TB)

Perform signal output and call the subprogram before the specified time when the robot action ends
(excluding motion instructions. If the subprogram contains motion instructions, an error will be reported).
The specified time range is 0.01-30s. The input smaller than 0.01 will not be saved successfully (except
for 0).

Format:
» Action statement + TB + specified time + CALL program name
» Action statement + TB + specified time + output signal
DQJi] can be selected as the output signal.
Example:
» Moved P[1] 100% FINE TB 1.00S CALL PROGRAM
The robot moves to P1 through joint motion, and calls the program in the first 1s before reaching P1.
» Moved P[1] 100% FINE TB 1.00S DO[1]=ON
The robot moves to P1 through joint motion, and sets DO[1] to ON in the first 1s before reaching P1.
Trigger after instruction (TA)

Perform signal output and call the subprogram after the specified time when the robot action ends
(excluding motion instructions. If the subprogram contains motion instructions, an error will be reported
with the error code "Program-2328"). The specified time range is 0.01-30s. The input smaller than 0.01
will not be saved successfully (except for 0).

Format:
» Action statement + TA + specified time + CALL program name
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» Action statement + TA + specified time + output signal
DQJi] can be selected as the output signal.
Example:
» Moved P[1] 100% FINE TA 1.00S CALL PROGRAM
The robot moves to P1 through joint motion, and calls the program in the first 1s after reaching P1.
» Moved P[1] 100% FINE TA 1.00S DO[1]=ON
The robot moves to P1 through joint motion, and sets DO[1] to ON in the first 1s after reaching P1.
Distance-based trigger instruction (DB)

When the robot TCP moves to a distance within a specified range from the target position of the motion
instruction, this instruction allows the moving robot to execute signal output or call subprogram
(excluding motion instructions).

Format:
» Action instruction + DB specified distance + CALL program name
» Action instruction + DB specified distance + Signal output

DQJi] can be selected as the output signal.

Parameter:

» Specified distance: When entering a spherical range centered around the target point of the
motion instruction, TCP executes the trigger instruction. The radius of this spherical range is
determined by the specified distance.

Example:
» MOVEL P[1] 100% FINE DB 100.00mm, DO[3]=ON

The robot moves towards P1 in a linear motion. Set DO[3] to ON when the robot's TCP enters a space
with P1 as the spherical center and a radius of 100mm.

> MOVEL P[2] 100% FINE DB 50.00mm, CALLA

The robot moves towards P1 in a linear motion. Call subprogram when the robot's TCP enters a space
with P1 as the spherical center and a radius of 100mm.

Motion parameter switch instruction (Swift)

SWIFT instruction: It is used to switch motion parameters (acceleration, acceleration, etc.) to meet
faster beat requirements.

Example:
> MOVEJ P[1] 50% FINE, SWIFT
Remote tool center point command (RTCP)

When executing remote TCP actions, it is necessary to add an additional instruction RTCP of remote
tool action in the instructions. The RTCP coordinate system is essentially the same as the user
coordinate system and the data is also the same. Only when the RTCP additional instruction is added
into the motion instruction, the user coordinate system adopted for pose recording may become the
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RTCP coordinate system. In case of no RTCP additional instruction, it still maintains the user
coordinate system. This change is reflected in the algorithm processing in the control system. No clear
distinction is made between the RTCP coordinate system and the user coordinate system on the
configuration page.

& Caution

RTCP cannot be used during joint movement.

Example:

Relative to remote TCP, move the workpiece to P[1] at a relative velocity of 2000mm/s:

MovelL P[1] 2000mm/s Fine RTCP

Relative to remote TCP, move the workpiece from P[1] to P[2] at a relative velocity of 2000mm/s:
MoveC P[1] P[2] 2000mm/s Fine RTCP

Skip instruction (SKIP)

The SKIP instruction is used to directly jump from the current line containing the SKIP instruction to the
target instruction line or program when the jump condition set by the SKIP CONDITION instruction (see
Section 3.6.5) is met. It is often used in conjunction with the motion instruction SKIP CONDITION.

Instruction format: action instruction + SKIP GOTO LABEL [i]J/CALL + program name
Example:

1 SKIP CONDITION DO[2]=ON

2 MOVEL P[1], 200 mm/s, FINE, SKIP GOTO LABEL[1]

3 MOVEJ P[2], 12.5%, FINE

4 LABEL[1]

5 MOVEJ P[3], 12.5%, FINE

The program starts executing from the first line. When DO[2]=ON, the program jumps to the fourth line
after the second line ends and continuously executes downwards from the fourth line. When
DO[2]=0FF, the program continuously executes downwards from the current line after the second line
ends.
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3.4 Register instruction

The register instructions perform arithmetic operations on registers. There are several types of registers.
» Number register instruction

Position register instruction

Position register element instruction

String register and string instruction

Motion register instruction

YV V VYV VYV VY

Modbus special register instruction

& Caution

All registers can be called directly through numerical values, or indirectly through combinatorial
operation of number registers. They are called direct specifying method and indirect specifying method.

The expression examples are as follows: PR[R[20]], SR[20+R[2]], R[R[1]+R[2]]

As for the register operations, the following polynomial operations can be performed.
Example

R[2]=R[3]-R[4]+R[5]-R[6]

R[10]=R[2]*100/R[6]

3.4.1 Number register instruction

A number register is a variable used to store an integer or decimal value. 1500 number registers are
available under standard circumstances.

R [i]=(value), where i is the number of the numerical register (1-1500)
The value can be:
> Constant
R[i]: Value of register R{i]
PRi, j]: Value of position PR element [i, j]
DI[i]: Digital input signal
DQJi]: Digital output signal
Ul[i]: System input signal
UQ[i]: System output signal
String

YV V ¥V VYV V V V V

Method: SIN, COS, etc. (see Section 3.10 for specific methods)
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The arithmetic symbols of a number register include addition (+), subtraction (-), multiplication (*),
division (/), remainder (MOD), and integer part of the quotient (DIV).

Example:

R[i] = (value) + (value)

R[i] = (value) + (value) instruction is to substitute the sum of two values into a number register.

R[i] = (value) - (value)

R[i] = (value) - (value) instruction is to substitute the difference between 2 values into a number register.
R[i] = (value) * (value)

R[i] = (value) * (value) instruction is to substitute the product of two values into a number register.

R[i] = (value) / (value)

R[i] = (value)/ (value) instruction is to substitute the quotient of 2 values into a number register.

R[i] = (value) MOD (value)

R[i] = (value) MOD (value) instruction is to substitute the remainder of 2 values into a number register.
R[i] = (value) DIV (value)

R[i] = (value) DIV (value) instruction is to substitute the integer part of the quotient of 2 values into a
number register.

R[] = (x-(x MOD y))ly
3.4.2 Position register instruction

The position register instructions perform arithmetic operations on position registers. The position
register instruction can perform substitution, addition and subtraction processing.

A position register is a variable used to store position data (X, Y, Z, A, B, C). 200 position registers are
available under standard circumstances.

PR[i] = (value)

PR[i] = (value) instruction is to substitute the position data into the position register. Where, i is the
number of the position register (1-200).

The value can be:
» PR]i]: Value of position register [i]
»  PJi]: Value of teaching position [i] in the program
» L_POS: Cartesian coordinate of current position (see Section 3.8.4)
» J_POS: Joint coordinate of current position (see Section 3.8.3)
Example:
PR[1]= L_POS
PR[2]= PR[3]
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PR[3]= P[1]

PR[i] = (value) + (value).

PR[i] = (value) + (value) instruction is to substitute the sum of two values.

PRJ[i] = (value) - (value) instruction is to substitute the difference between 2 values.

PR[3] = PR[3] + L_POS

PR[4] = PR[ R[1] ]

3.4.3 Position register element instruction

The position register element instruction performs arithmetic operations on position registers.

In PRI, j], i represents the number of the position register and j represents the number of the position
register element. The position register element instruction can perform substitution, addition and
subtraction processing, and is described in the same way as the number register instruction.

PRIL]T]
i = number of the position j = number of position register element
- reaister Cartesian Coordinate system
coordinate system: of each axis:
— 1=X 1=01
— 2= 2=12
— 3=Z 3=43
— 4=A 4=J4
L 5=B 5=1J5
L 6=C 6=.J6

Fig. 3.11 Diagram for Position Register Element
PRIi, j] = (value)

PR]i, j] = (value) instruction is to substitute the element value of the position data into the position
register element.

Where, i is the number of the position register (1-200).
The value can be:

» Constant

» R]i]: Value of register [i]

» PR, j]: Value of position PR element [i, j]

»  MI[i]: Modbus register (hold type)

» MHI[i]: Modbus register (input type)
Refer to Section 3.4.6 for Modbus registers.
Example:
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PR[1, 1]= R[3]
PR[4, 3]= 324.5
PR, j] = (value) + (value)

PR]i, j] = (value) + (value) instruction is to substitute the sum of two values into a position register
element.

PRI, j] = (value) - (value)

PR[i] = (value) - (value) instruction is to substitute the difference between 2 values into a position
register element.

PRI, jI = (value) * (value)

PR]i, j] = (value) * (value) instruction is to substitute the product of two values into a position register
element.

PRI, j] = (value) / (value)

PR]i, j] = (value) / (value) instruction is/ substitute the quotient of two values into a position register
element.

PRI, j] = (value) MOD (value)

PRJi, j] = (value) MOD (value) instruction is to substitute the remainder of two values into a position
register element.

PRI, j] = (value) DIV (value)

PRI, j] = (value) DIV (value) instruction is to substitute the integer part of the quotient of 2 values into a
position register element.

PR[4, 3]= PR[1, 3]- 3.528
3.4.4 String register and string instruction

For string registers, a maximum of 255 characters can be stored in each register. Maximum number of
string registers is 300.

SR[i] = (value)
SR([i] = (value) instruction is to substitute string data into the string register.
The value can be: Constant, (number register R[i], string register SR[i]), String, Method

It can be transformed from numerical data to string data. Retain 6 decimal places and round off excess
parts.

It can be transformed from string data to numerical data. The transformation value is the numerical
value before the first character in the string.

Example SRJi]=R[j]

Value of R[j] Result of SR[j]
R[j]=1234 SR[j]="1234"
R[j]=12.34 SR[j]="12.34"
R[j]=5.123456789 SRJj]="5.123457"
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Example R[i]=R][j]

Value of SR[j] Result of R][i]
SR[j]="1234 R[i]=1234
SR[j]=12.34’ R[i]=12.34

SRJi]=(value) (operator) (value)

SRJi]=(value) (operator) (value) instruction is to combine two values and substitute the result of the
operation into a string register.

In each operation, the data type depends on the (value) to the left of the (operator).
If the value on the left is string data, the strings are combined with each other.

If the value on the left is numerical data, arithmetic operations are performed. At this point, if the (value)
on the right is a string, the numerical value before the first character is used for the operation.

The operator is: + (combine)

Example SR[i]=R[j]+SR[K]

Values of R[j] and R[K] Result of SR[j]
R[j]=123.456+SR[k]='345.678’ SR[j]='456.134’
R[]]=456+SR[k]:‘1ab02’ SR[|]=‘457’

Example SR[i]=SR[j]+R[K]

Values of SR[j] and R[K] Result of SR[j]
SRJj]="123.+R[k]=456 SRJj]=123.456’
SR[j]='def+R[k]=81573 SRJi]='def81573’

3.4.5 Motion register MR([i] instruction

A motion register can be understood as a motion variable specific to the motion instruction. It is
convenient for debugging the speed of many identical motion instructions. The calculation operation of
the MR register is the same as the number register R. The MR register can only be used and appears
in motion instructions. The MR register only supports integer type and a decimal (if any) in the
calculation assignment is rounded off.

MRJi] = value

There are two data types for values: constant and register (R/PR[i,jl/MI[i[/MHI[i]).
Example:

MR[1:]=500

MOVEL P[1:], MR[1:]mm/s, FINE

The robot moves towards P1 in a linear motion at a speed of 500mm/s.

3.4.6 Modbus special register instruction

The Modbus special register is used in Modbus communication to communicate with the Modbus
master station. 120 holding registers and 120 input registers are available under standard
circumstances.
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MH/I[i] =(value), where i is the number of the Modbus special register (1-120).

The value can be:

>

YV V VYV VY

Constant

R[i]: Value of register R{i]

PR, j]: Value of position PR element [i, j]
MI[i]: Value of input register

MH{(i]: Value of holding register
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3.5 I/Oinstruction

The 1/O instruction can achieve signal interaction with peripheral devices (e.g. PLCs) and control
application processes by reading the input signal (DI/UI/RI) status and changing the output signal
(DO/RO) status.

& Caution

Before use of 1/O signals, it is required to map logical numbers to physical numbers. (For mapping of
I/O, see Section 2.1.1)

3.5.1 Digital 1/0 instruction

Digital input (DI) and digital output (DO) are input/output signals that the user can control.
R[i] = DI[i]

The R[i] = DI[i] instruction is to store the state of the digital input (ON=1, OFF=0) in a register.
Example:

R[1]= DI[1]

R[R[3]]= DI[R[4]]

DOJ[i] = ON/OFF

The DOJi] = ON/OFF instruction is to turn on or off the specified digital output signal.
Example:

DO[1] = ON

DO[R[3]] = OFF

DOJ[i] = PULSE, [time]

The DOJi] = PULSE, [time] instruction is to switch on within the specified time and output the specified
digital output; the unit of time is hour and second. What is the range of pulse output time?

Example:

DO[2] = PULSE, 0.2 s
DO[R[3]] = PULSE, 1.2 s
DO [i]=R{i]

The DO [i]=R]i] instruction is to turn on or off the specified digital output signal according to the value of
the specified register. It is turned off if the value of the register is smaller than or equal to 0 and turned
on if it is greater than 0.

Example:
DO[1]= R[2]
DO[R[5]]= R[R[1]]
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3.5.2 Robot I/O instruction
The usage of robot (RO/RI) I/O instruction is the same as that of digital (DO/DI) I/O instruction. Sp,
please refer to the usage of digital (DO/DI) I/O instruction.
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3.6 Logical instruction

Logical instructions of Collaborative robots include IF, SWITCH and WHILE instructions. The logical
instructions can also be understood as conditional control instructions, of which the code block to be
executed is determined based on the execution result (True or False) of one or more statements. The
execution process of conditional statements can be easily understood through the following figure:

S

Condition is true

Condition
code

If condition is false

A

Fig. 3.12 Schematic Diagram of Conditional Statement Execution Process

3.6.1 IFinstruction
Instruction format:
IF Condition 1
Statement block 1
ELSE IF Condition 2
Statement block 2
ELSE
Statement block 3
END IF
> Execute the statement block 1 if Condition 1 is true.
» Judge Condition 2 if Condition 1 is false.
> Execute the statement block 2 if Condition 2 is true.
> Execute the statement block 3 if Condition 2 is false.
Condition types judged by IF
> Register type (humber register R{[i], string register SRi])
> 1/0 type (DO/UO/DI/UI)

Operation Manual for Collaborative Robot System
107 /201



~gilebot

Operation Manual for Collaborative Robot System

3.6.2 SWITCH instruction

The SWITCH instruction is usually used to handle the situation where a judgment variable has multiple
different values, in order to simplify the program and improve its readability.

Instruction format:
SWITCH subject
CASE pattern_1
Action_1
BREAK
CASE pattern_2
Action_2
BREAK
DEFAULT
Action_3
BREAK
BREAKEND SWITCH
Execute the statement after DEFAULT when all CASEs cannot be matched.
Execute the corresponding Action_x when the values of subject and pattern_x are the same.
Subject can be register (R[*], SR[*]), I/O type, constant or method.
Pattern can be register (R[*], SR[*]), I/O type, constant, method or string.

The BREAK statement is a jump action.

& Caution

CASE must be used in conjunction with BREAK.

The example of the Switch logical instruction programming is shown in the following figure:

SWITCH R[10: default]
CASE 1

R[11: default] = R[10: default] + 1
BREAK

CASE 2
R[11: default] = R[10: default] =+ 2
BREAK

END SWITCH

Fig. 3.13 Switch Programming Example

3.6.3 WHILE instruction

The WHILE instruction, also known as loop instruction, is generally used to control programs or actions
to be executed repeatedly.
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Instruction format
WHILE judgment conditions
Execute Statement 1
CONTINUE
Execute Statement 2
BREAK
Execute Statement 3
END WHILE

When the loop instruction WHILE is executing, the robot runs until the judgment condition is not met.
Otherwise, after the BREAK statement, it jumps out of the loop instruction and executes the instruction
after END WHILE. The difference between Continue statement and Break statement is that the
Continue statement only ends the current loop rather than the whole loop; the Break statement ends
the whole loop process and does not judge whether the loop conditions are met.

The execution flowchart of WHILE is as follows:

?
&«

anl
sI uoppuod
aS[B} SI UONIPUOD

Code block

Fig. 3.14 Execution Process of WHILE Statement

Type of judgement condition
> Register type (number register R{[i], string register SR[i])
> /O type (DO/UO/DI/UI)

The example of WHILE instruction programming is shown in the following figure:

Program name: (WHILE)
WHILE DI[2: ] = DI[2: ]
MOVEJ P[1: ] 100% FINE
WHILE DI[1: ] <> 1
MOVEJ P[2: ] 100% FINE
MOVEL P[3: ] 4000mm/s FINE
END WHILE
END WHILE
=9 END
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Fig. 3.15 Example of WHILE Instruction Programming
3.6.4  GOTO instruction

The GOTO instruction is used to jump to the specified label position in the same program and
continuously execute the program downwards from the specified label position. The GOTO instruction
can only be used after a label instruction LABEL has been inserted (see Section 3.8.11).

Instruction format:

GOTO LABELJ ]

Example:
1 MOVEL P[1], 200 mm/s, FINE
2 LABEL[1]
3 MOVEL P[1], 200 mm/s, FINE
4 MOVEJ P[2], 12.5%, FINE
5 GOTO LABEL[1]
6 MOVEJ P[3], 12.5%, FINE

When the program is executed from Line 1 to Line 5 (GOTO LABEL [1]), it may jump to Line 2 (LABEL
[1]) and continue executing from Line 2.

3.6.5 SKIP CONDITION instruction

The SKIP CONDITION instruction is to set jump conditions and is often used in conjunction with the
additional action instruction SKIP (see Section 3.3.5). It directly jumps from current line containing the
SKIP instruction to the target instruction line or program when the jump condition is met.

Instruction format: SKIP CONDITION (I/O type/register type)
Example:
1 SKIP CONDITION DO[2]=ON
2 MOVEL PJ[1], 200 mm/s, FINE, SKIP GOTO LABEL[1]
3 MOVEJ P[2], 12.5%, FINE
4 LABEL[1]
5 MOVEJ P[3], 12.5%, FINE

The program starts executing from the first line. When D0O[2]=0N, the program jumps directly from line 2
to line 4, and the execution continues down from line 4.When DOJ[2]=0OFF, the program continuously
executes downwards from the current line after the second line ends.

3.7 Structure instructions

The structure instructions are used to control the program execution process, including CALL, WAIT,
WAIT TIME, PAUSE, ABORT, RUN, LOAD, UNLOAD and EXEC instructions.
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3.7.1 CALL - Call program instruction

Instruction format: Call + program name. It is used to call a subprogram, form nesting, improve program
reusability and readability and reduce programming workload. For example, in the process of robot
application, it is required to control the movement of the end fixture at different positions.

As shown in the following figure, the program initialization and final position calls the subprogram
Basic_Test MOVEJ.

Mame : Call& content is modified

MOWET P[*], 1Z.5%, FINE
MoVEL P[*], 500mm/s, FINE

N CALL Ba=sic_ Test_ MOVET
END

Fig. 3.16 Example of Call Instruction Programming
3.7.2  WAIT - Waiting for conditions to meet
Instruction format: WAIT + Condition + TIMEOUT + SKIP/Waring/Called Program
Description of parameters:

The available data types for conditions include 1/O type (DI/DO/UI/UO) and register type (R[i])/
MI[i/MHIi]).

TIMEOUT:

Optional parameters (not-required parameters). Its meaning is the waiting time (s). It can be specified
by a constant or number register.

When the WAIT instruction does not use the additional condition TIMEOUT: Execute the WAIT
instruction. Only when the conditions are met can the program continue to execute downwards.
Otherwise, it will wait until the conditions are met.

When the WAIT instruction uses the additional condition TIMROUT: Execute the WAIT instruction. The
program continues to execute downwards if the condition is met within the specified waiting time or
pauses at the WAIT instruction if the condition is not met within the specified waiting time.
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SKIP/Waring/Called Program:

Optional parameters (not-required parameters). In case the optional parameter TIMEOUT is used, one
of the optional parameters can be selected from three parameters SKIP/Waring/Called Program.

If the SKIP parameter is used:

The program continues to execute downwards if the condition is met within the specified waiting time or
skips the current line (WAIT instruction line) and continues to execute downwards if the condition is not
met within the specified waiting time.

If Waring is used:

Execute the WAIT instruction. The program continues to execute downwards if the condition is met
within the specified waiting time or pauses at the WAIT instruction if the condition is not met within the
specified waiting time.

Execute the WAIT instruction if the called program is used. The program continues to execute
downwards if the condition is met within the specified waiting time or executes the called program and
then continues to execute downwards if the condition is not met within the specified waiting time.

The following figure is an example of the wait instruction programming.

WAIT E[1: default] = 1

WAIT R[1: default] = 1 TIMEOUT=Z:sec

WATIT E[1: default] = 1 TIMEOUT=lzec SKIP
WaIT R[1l: default] = 1 TIMEOUT=lzec Warning
WAIT R[1: default]l] = 1 TIMEOUT=lszec A
END

Fig. 3.17 Example of WAIT Instruction Programming
3.7.3  WAIT TIME - waiting time instruction

Instruction format:
WAIT TIME + waiting time (s).
WAIT TIME can be specified by a constant or number register.

Before the waiting time ends, the robot stops executing instructions until the waiting time ends. The
waiting time can be a numerical value or a register.
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The programming example is shown in the following figure.

R[1: default] = 5
MOVEJ P[1: ] 1ee#% FINE
CALL gripperClose
WAIT 2 sec
MOVE] P[2: ] 1ee% FINE
MOVEL P[3: ] 4e@eomm/s FINE
WAIT R[1] sec
CALL gripperOpen
MOVEJ P[1: ] 1ee¥% FINE

%0 END PROG

Fig. 3.18 Example of WAIT Instruction Programming
3.7.4 PAUSE - Pause instruction
Instruction format: Pause

When the Pause instruction is encountered, the program is paused and the robot immediately plans a
deceleration trajectory and stops its motion. The program state enters a paused state. Press the Start
button again to continue execution.

The following figure is an example of the PAUSE instruction programming.

MOVEJ P[*] 180% FINE
MOVEL P[1: ] 4e@0mm/s FINE
MOVEC P[3: ] P[4: ] 4000mm/s FINE
IF R[1: default] = 100
PAUSE
END IF
MOVEJ P[5: ] 18@% FINE
%8 END PROG

Fig. 3.19 Example of PAUSE Instruction Programming
3.7.5 ABORT - Abort instruction
Format: ABORT

Mandatory end instruction: End program execution, immediately brake the servo motor of the robot and
apply the holding brake, and power off the servo bus. After the mandatory end instruction, the program
enters a termination state and the cursor stops at the current line.

The following figure is an example of the ABORT instruction programming.

MOVEJ P[*] 100% FINE
MOVEL P[1: ] 4@08mm/s FINE
MOVEC P[3: ] P[4: ] 4@eemm/s FINE
# BETF_LERROR CODE = 10001
IF R[1: default] = 100801
ABORT
END IF
MOVE] P[5: ] 100% FINE
%9 END PROG

Fig. 3.20 Example of ABORT Instruction Programming
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3.7.6 RUN - Multithread instruction

RUN instruction can be used to run multiple programs simultaneously.
Format: RUN + program name

Program type: User program (XML and JSON), Script program (PYTHON)

Editing Tool Quick Operation
o
User Program List - al al_copyl ab

User Program List aa aa_copyl aaa

Script List
aaa_1 aaaaaa ac

Internal Program List
ACK Basic Test ... = blockly a
blockly b blockly_d blockly e
blockly _f db demo3
demo3_1 ght_test ght_test1
ght test2 ght_test3 1
J1_copy1 j2 J3
j4 J5 6

Cancel

nsert Instruction Quick Operation

RUN .

Script List~  test 1 test_2

Fig. 3.20 Example of RUN Instruction Insertion

& Caution

Notes:

If the RUN instruction is used in the Main program to call the Pick program, Main is called the
"caller", Pick is called the "callee", and the one called by the "callee" is also called the "callee" (the
same below).

* The CALL instruction only executes a program at a time. However, the RUN instruction allows
multiple programs to be executed simultaneously. It does not wait for the completion of the "callee"
before executing the "caller".

* When the same program is called by RUN for multiple times, subsequent runs may not be
responded to and there is an INFO event if the first execution is not completed.

*  Only the caller can write motion instructions. If the callee has motion instructions, an alarm may be
sent out with the alarm code "program-2328".
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Reset button:

*  For the caller program, the callee program will also be reset.
Pause/abort:

* Ifthe caller is paused/aborted, all callees may be paused/aborted as well.
Single step & positive sequence:

* Single step is only available when all programs are paused or aborted.

*  When the caller is executing in single step & positive sequence, the callee, after being executed,
may follow the caller to perform in single step & positive sequence line by line.

* If single step & positive sequence is adopted in the callee, only the callee is executing in single
step & positive sequence line by line, but the caller will not follow it.

Single step & reverse sequence:
* Ignore the RUN instruction and do not execute it.
Status bar:

* Program name and line number: The running program (if any) is displayed; otherwise, the last
program run or opened is displayed.

* Robot’s operation status:

If the caller is still present, the status depends on the caller. If not, the status is WORKING if one of the
callees is running or ON-STANDBY otherwise.

ul:

»  Start/Restore: Control all programs.

*  Stop: Control all programs.

*  Abort: Control all programs.

uo:

* Pause status: similar to the description of robot’s operation status.

*  Program Running: similar to the description of robot’s operation status.

3.7.7 Load - Dynamic program loading
Definition: Dynamically loading programs
Format: Load + program (e.g. "pick")

In this instruction, the program may specify register types (R [i]/SR [i]), strings and constants.

Operation Manual for Collaborative Robot System
115/201




~gilebot

Operation Manual for Collaborative Robot System

Insert Quick Operation < Back  Close

LOAD n[ 1]
+|=|o]e
SELIEE AN String | Value

Element Type SR

Registers List m

Fig. 3.21 Example of Load Instruction Insertion

3.7.8  Exec - Execute dynamic program loading

Definition: Execute programs

Format: Exec + program (e.g. "pick")

In this instruction, the program may specify register types (R [iJ/SR [i]), strings and constants.

Insert Quick Operation ¢« Back  Close

EXEC n[ 1]
BELSE IS String | Value

Element Type

+|=|o]n]

SRIi]

Registers List m

Fig. 3.22 Example of Exec Instruction Insertion

3.7.9 Unload - Dynamic program unload

Definition: Unload programs

Format: Unload + program (e.g. "pick")

In this instruction, the program may specify register types (R [i]/SR [i]), strings and constants.

Operation Manual for Collaborative Robot System

116/ 201



~gilebot

Operation Manual for Collaborative Robot System

Insert Quick Operation « Back  Close

UNLOAD n[ 1]

Register Type BSGlLRREINE
Element Type “ SR[i]

+|=|o]a]

Registers List R[1]:

Fig. 3.23 Example of Unload Instruction Insertion
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3.8 Other instructions
3.8.1 TF_NO - Tool coordinate system instruction
It is to switch tool coordinate systems in programs and is generally used in conjunction with UF_NO.

Instruction format: TF_No = tool coordinate system number; the data type of the "Tool Coordinate
System Number" can be selected from two types: register type (R) and constant.

& Caution

Due to no UF/TF in the PR register, it represents the pose of the specified TF under the currently
activated UF during program execution. So, switching between different UF/TF may result in different
positions of the actual robot in space.

P represents local pose data, including UF/TF. If P is used in the motion instruction but inconsistent with
UF_No and TF_No, the program cannot continuously execute downwards and it is required to modify
UF_No and TF_No to make them consistent with P record.

3.8.2 UF_NO user coordinate system instruction
It is to switch user coordinate systems in programs and is generally used in conjunction with TF_NO.

Instruction format: TF_No = user coordinate system number; the data type of the "User Coordinate
System Number" can be selected from two types: register type (R) and constant.

& Caution

Due to no UF/TF in the PR register, it represents the pose of the specified TF under the currently
activated UF during program execution. So, switching between different UF/TF may result in different
positions of the actual robot in space.

P represents local pose data, including UF/TF. If P is used in the motion instruction but inconsistent with
UF_No and TF_No, the program cannot continuously execute downwards and it is required to modify
UF_No and TF_No to make them consistent with P record.

3.8.3 J_POS current joint coordinate instruction

It indicates the current position in the joint coordinate system and is often used in conjunction with the
pose register PR.

Example

PR[i] =J_POS Assign current position in the robot's joint coordinate system to the position register
PR [i].

3.84 L_POS current Cartesian coordinate instruction

It indicates the current position in the Cartesian coordinate system and is often used in conjunction with
the pose register PR.

Example
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PR[i] = J_POS Assign current position in the robot's joint coordinate system to the position register
PR [i].

3.8.5 Payload_NO - payload setting instruction

It is used to switch the payload number in the program. For example, during the application, only the
payload of the fixture is left at the end of the robot arm before the workpiece is grasped, but a combined
payload of the fixture and the workpiece is on the end of the robot arm after the workpiece is grasped.
Then, the payload data before and after grasping are recorded with different payload numbers.

Instruction format: PAYLOAD_NO = load record number; the data type of "Payload Record Number"
can be selected from two types: register type (R) and constant.

3.8.6 Timer - timer instruction

Program Timer instruction: it is used to start or stop a program timer. The start or stop of the timer can
be controlled by its status. The global timer supports multi-program (task) sharing.

Instruction format

1. Timer[i] = value There are four data types of values, namely status (Start/Stop/Reset),
register (R), constant and method (please refer to Section 3.10).

When the value is the status

Timer][i]=Start; the time starts.

Timer[i]=Stop; the time stops.

Timer[i]=Reset; the timer resets (value resetting)

In [i],i represents the timer number, which can be specified directly by a constant or
indirectly by the number register R.

2. Assignment: R[i]=Timer [i] (provided that Timer must have a defined state; if not, Timer is null
and cannot be assigned).

3.8.7 Comment - Commend instruction

The comment instruction is used to add comments to a program to improve its readability, and this
comment has no impact on program operation.

Format: #(Comment text)

The comment text supports all data types.

3.8.9 OVC - Overall velocity instruction
It is used to modify the overall velocity.

Instruction format: Overall_Velocity Coefficient = velocity percentage. There are two data types for
“velocity percentage”: number register type (R) and constant.

3.8.10 OVC - Overall acceleration instruction
It is used to modify the overall acceleration.

Instruction format: Overall _Acceleration_Coefficient = acceleration percentage. There are two data
types for “acceleration percentage”: number register type (R) and constant.
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3.8.11 LABEL - Label instruction

It defines program labels and is often used in conjunction with the GOTO instruction (see Section 3.6.4)
and SKIP CONDITION instruction (see Section 3.6.5).

Format: LABEL [i: Comment]; where, i is the tag number and Comment is the tag comment information.

3.8.12 Socket - Socket instruction

Overview:

SocketOpen: Use SocketOpen instruction to create a Server and wait for the Client to connect.
SOCKET OPEN SK[*], parameter

The parameter SK [*] represents the current socket device used, and the optional parameter represents
the statement execution result (see Chapter 10 Socket Error Code List) and is represented by a number
register (R [*]).

SocketConnect: Use SocketConnect to create a Client and connect a Server.
SOCKET CONNECT SK[*], parameter

The parameter SK [*] represents the current socket device used, and the optional parameter represents
the statement execution result (see the Socket Error Code List) and is represented by a number
register (R [*]).

SocketRecv: The SocketRecv instruction is used to read characters from a Socket and can specify a
maximum length.

SOCKET RECV SK[*], R[*], SR[*], parameter2

The parameter SK [*] represents the current socket device used, the parameter R [*] represents the
acceptance length; SR [*] indicates that the received data exists in the string register (SR [*]), and the
optional parameter 2 represents the statement execution result (see the Socket Error Code List) and is
represented by a number register (R [*]).

Additional descriptions:
» Both Server and Client can call this instruction.
» Length of received string: maximum value is 254.

» The parameter "Accept default timeout" configured in the SK register of the instruction is
valid for this instruction.

SocketSend: The SocketSend instruction is used to write a string to a Socket and send it to the
opposite end.

SOCKET SEND SK[*], “, parameter2

The parameter SK [*] represents the current socket device used, the parameter ™ represents the
content (string) to be sent, which can be a constant or a string register (SR [*]), and the optional
parameter 2 represents the statement execution result (see the Socket Error Code List) and
represented by a number register (R [*]).

Additional descriptions:

> Both Server and Client can call this instruction.
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» Maximum length is 254 if the string to be sent is represented by SR.

» Itis allowed to directly send a constant string or store the string in a string register and send
the content by selecting that register.

SocketClose: The SocketClose instruction is used to close the connection;
SOCKET CLOSE SK[*], parameter

The parameter SK [*] represents the current socket device used, and the optional parameter represents
the statement execution result (see the Socket Error Code List) and is represented by a number
register (R [*]).

& Caution

Optional parameters may or may not be used. Choose whether to use them according to actual needs.
Except for optional parameters, other parameters are necessary.

3.8.13 Compound operation instruction

Compound operation instruction can combine various operators and data in assignment, conditional
comparison and wait statements of TP program. The compound operation instruction supports the
parenthesis “()”.

The compound operation instruction can be used in register, IF, WAIT and WHILE instructions.
The compound operation instruction is specified in parentheses as shown below.
» IF DI[1] = (DO[2] AND DOI3])
Execute statement
END IF
In case of no parentheses in a sentence, it becomes a common operation instruction.
>  WAIT (DOJ[1] = ON AND DO0[2] = OFF) OR (R[1] =1 OR R[2] = 2)
Data type

The following data types can be used in the compound operation instruction.

Type Value Data
Numerical value | Numerical values can be | Elements of registers,
processed as data. Both integers | constants and position

and real numbers can be used. registers
Bool The data can be set to any value | DI/O, UI/O, ON, OFF
of ON or OFF.

Operator

The following operators can be used in the compound operation instruction.

Operator Operation
+ Addition operation of left and right sides
Subtraction operation of left and right sides
* Multiplication operation of left and right sides
/ Division operation of left and right sides
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MOD Division remainder of left and right sides
DIV Integer part of division quotient of left and right sides

» The data of numerical type can only be used for arithmetic operators.

» The output data of arithmetic operators is always numerical.
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Operator Operation
AND Logical product of left and right sides
OR Logical sum of left and right sides

» Logical operators are only applicable for Boolean data.

» The output data of the logical operator is always Boolean.

Operator Operation

= Return ON when left and right sides are equal. Return
OFF when left and right sides are unequal.

<> Return ON when left and right sides are unequal. Return
OFF when left and right sides are equal.

< Return ON when left side is smaller than right side. Return
OFF when left side is greater than right side.

> Return ON when left side is greater than right side. Return
OFF when left side is smaller than right side.

<= Return ON when left side is smaller than or equal to right
side. Return OFF when left side is greater than right side.

>= Return ON when left side is greater than or equal to right
side. Return OFF when left side is smaller than right side.

» "="and "<>" can be used in both numerical and Boolean data.
» <" " "<="and ">=" can only be used in numerical data.

The following shows the priority order of operators.

Priority Operator
High * [, DIV, MOD
+, -
Medium <, >, <=, >=
=, <>
AND
Low OR

Conditional statement
The following are examples of compound operation instructions used in conditional instructions.
IF (R[1] = (PR[1, 6] + R[1]) * R[2])
IF (DI[1] AND (DI[2] OR DI[3]))
» Compound expressions can be used in conditional statements.
» The result of a conditional statement must be Boolean.
Wait instruction
The following is an example of compound operation instructions used in wait instruction.
WAIT (DI[1] = ON AND (DI[2] = ON OR DI[3] = ON))
» Compound expressions can be specified in conditional statements of wait instruction.
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» The result of a conditional statement must be Boolean.

» The wait instruction is waiting before the expression result becomes ON.

Addition and modification of compound operation instructions

For the instructions with compound operation function, the instruction editing interface provides symbol

descriptions and the symbols in the following table are adopted to add and modify compound operation
instructions.

List of Symbols Used for Addition and Modification of Compound Operation Instructions

4= Add an expression.

- Remove an expression (i.e. at least one expression, namely, at
least a term to the right of the equation)

() Add parentheses.

6 Remove parentheses.
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3.9 String instructions

3.9.1 StrLen - String length instruction

It is used to obtain the length of a string and bring the result into a register. It is commonly used as
R[i]=StrLen (value).

The data type of the value is usually a constant string or a string register (SR).
Example:

If R[i] = StrLen ("666"), the value of R][i] is 3.

If R[i] = StrLen (SR]i]), where SR[i]=“111111", the value of R][i] is 6.

3.9.2 FindStr - String search instruction

R [i]=FindStr (Value 1, Value 2); the data type of Value 1 and Value 2 is usually a constant string or a
string register (SR).

Value 1 represents the "object string", Value 2 represents the "string to search for", and RJi] represents
the position of the string to search for in the object string. From left to right, the position of the first
character is 0 in the object string, and so on. When the searched string is not found, the value of RJ[i] is -
1.

Example:

R[i] = FindStr ("123456", "1") The value of R[i] is 0.

R[i] = FindStr ("123456", "0") The value of R[i] is -1.
3.9.3 SubStr - String subtraction instruction
SRJi]=SubStr (Value 1, Value 2, Value 3).

Value 1 represents the "object string”, Value 2 represents the "start point position”, and Value 3
represents the "string length to be subtracted". Among them, the data type of Value 1 is usually a
constant string or a string register (SR), and the data types for Values 2 and 3 are usually constants or
number registers (R). SR [i] represents the subtracted string.

SRJi]=SubStr (Value 1, Value 2, Value 3) instruction is to subtract a partial string from an object string
and substitute its result into a string register. The subtracted string is determined according to the start
point position of the first character of the object value and the string length to be subtracted.

Example:

SR[i]=SubStr ("P123456", 0, 1) The value of SRi] is "P".
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3.10 Methods (functions)
3.10.1 SIN - Sine function

Sin (Sine) is used to calculate the sine value of an angle.

Basic example

The following example describes the function Sin.

R[1:]=Sin(*)

R [1:] is to obtain the sine value of *. Range of sine values = (-1, 1).
3.10.2 COS - Cosine function

Cos (Cosine) is to calculate the cosine value based on the angle of relevant data type “num”.
Basic example

The following example describes the function Cos.

R[1:]=Cos(*)

R[1:] is to obtain the cosine value of *. Range of cosine values = (-1, 1).
3.10.3 TAN - Tangent function

Tan (Tangent) is used to calculate the tangent value of an angle.
Basic example

The following example describes the function Tan.

R[1:]=Tan (*)

R [1:] is to obtain the tangent value of *.

3.10.4 ARCSIN - Anti-sine function

ArcSin is used to calculate the anti-sine value of an angle.

Basic example

The following example describes the function ArcSin.

R[1:]= ArcSin(0.5)

R [1:] is to obtain the ArcSin value (30) of 0.5.
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3.10.5 ARCCOS - Arccosine function

ArcCos is used to calculate the arccosine value of an angle.
Basic example

The following example describes the function ArcCos.

R[1:]= ArcCos(-0.5)

R [1:] is to obtain the ArcCos value (120) of -0.5.

3.10.6 ARCTAN - Arctangent function

ArcTan is used to calculate the arctangent value of an angle.
Basic example

The following example describes the function ArcTan.

R[1:]= ArcTan(1)

R [1:] is to obtain the ArcTan value (45) of 1.

3.10.7 ABS - Absolute value function

Abs is to obtain absolute values, namely positive values of digital data.
Basic example

The following example describes the function Abs.
R[1:]=Abs(R[2:])

Specify R[1:] as the absolute value of R[2:].

4 PROGRAM CREATION AND EXECUTION

The creation, modification, deletion and other operations of the programs must be carried out in the
manual mode but not in the auto mode.

4.1 CREATE PROGRAM

There are two ways to create a program:

1. Click "Menu Button" — "Program" to enter the interface as shown in Fig. 4.1. Click "Create
Program", and a new program interface will pop up as shown in Fig. 4.2. After filling in
program name and comments and selecting the program type on this interface, click
"Confirm" to complete the program creation.
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Menu / Program

Create Program

Home Setting

Special Program Settings

Program List

Program Launch Mode Settings

Program Monitoring

Fig. 4.1 Program Menu Interface

Create Program

Program Adapt Model Name: GBT-C5A-850

Name

Note

Type None

* Cancel ~ Confirm

Fig. 4.2 Create Program Window

2. In the second way, click "Menu Button" — "Program" — “Program List” to enter the interface
as shown in Fig. 4.3. Click "New Program", and an interface will pop up as shown in Fig. 4.2.
After filling in program name and comments and selecting the program type on this interface,

click "Confirm" to complete the program creation.
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18 2 admin ~ 2 Manual Of it = Cczlr“ﬁnue Group:l  UF:1 ~ | TRO ~  User Coordinate ~
# Name Type Update Time Authar Note Protection
longtime None 2023-08-04 10:31:43 admin
2 j6 None 2023-06-12 11:15:47 admin
55 None 2023-06-12 11:06:14 admin
4 4 None 2023-06-19 17:13:56 admin
5 3 None 2023-08-04 10:20:20 admin
6 j2 None 2023-07-07 13:55:12 admin
j1_copyl Nene 2023-08-07 10:39:22 admin
8 i None 2023-08-17 13:36:41 admin
9 Call None 2023-11-16 13:39:33 admin
10 Basic_Test_MOVEJ None 2023-05-30 10:45:39 admin
Fig. 4.3 Program List Interface
4.1.1  Description of program operation interface

Open the newly created program shown in Fig. 4.4. There are only blank lines and "END" line.

~

© Programlist & Edit & Insert

Name : test

END

@ Pointer Jump to

Step Reversed Step

Description of buttons:

Fig. 4.4 Program Editing Interface

“Back”

Return to the program list interface.

“Modify

instruction”

Edit existing program instructions:
Move up/down: Move the current program line instruction before or after the
previous line;
Copy/Cut: Copy or cut current program line instruction to the clipboard,;

Paste: Paste the content on the clipboard to the next line of the current program line;
Undo/Redo: Cancel or redo the previous operation;
Disable/Enable: Disable or enable the current program line instruction. It may also
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be conveniently used for debugging. Add a blank line: Add a new blank line on the
next line of the current program line.

“Insert
Instruction”

Insert a new instruction, such as "common instructions, motion instruction, logical
instruction, assignment instruction, I/O instruction, structure instruction and other
instructions".

“Arrow to
Cursor”

Move the line number of initial running program to the line number pointed by the
cursor,

for example, the initial program line number is no longer the first line, but the fifth
line in the following figure. The execution cursor is an arrow. It is located at the far
left of the program line number, indicating the program line number. This operation
can only be performed in the manual mode.

MQVEL PR[1: default] 500mm/s FINE

CALL TEST_MLPCS

default]% SD4, ACC=0, OFFSET=PRI2]

] UF[3], TOOL_OFFSET=PR[2] TF[2]
UT=R(2]sec TEST_MLPCS

SWITCH UOL+]
CASE *
IF * + % + *

END IF
TIMER[*] = <exp>

IF % = *
ELIF * = =

END IF
END SWITCH
MOVEL PROMR[1: default]] 500mm/s FINE
MOVEL P[+] 500mm/s FINE
END PROG

“Jump To”

Indicate the corresponding program line number in the input program. Click "go" to
move the cursor to the program line number.

“Continuous”

It is selected at default, indicating that the program is executed continuously in a
positive order until the selected program is completed or paused/aborted.

“Single step &
positive
sequence”

Execute the programs one by one with a single step and in a positive sequence.
Press it once to run an instruction at a time. After execution, the program execution
status remains "paused”.

This operation can only be performed in the manual mode.

“Single step &
reverse
sequence”

Execute the programs one by one in a reverse sequence. Press it once to run an
instruction at a time. After execution, the program execution status remains
"paused".

Only motion instructions rather than control instructions can be executed in the
reverse seguence.

This operation can only be performed in the manual mode.

“Pose”

Usually, the pose list is hidden on the right side of the program editing interface, as
shown in Fig. 4.5; it only appears when the user clicks on it. The pose list contains
private P and global PR of the program. After these points are changed during
programming or modified on the PR register interface, the pose list interface should
also be changed accordingly; vice versa. In addition, when the servo is powered on,
press and hold the "Move" button in the bottom left corner to slowly move the robot
to the pose after it is selected in the pose list interface.

“/0O Status”

Usually, this interface is hidden on the right side of the programming interface, as
shown in Fig. 4.5; it only pops out when the user clicks on it. This interface has the
same contents as and share data with the "Communication — 1/O Status" interface.
It is to facilitate the user to monitor 1/O status during programming and debugging.

“‘Register”

Usually, this interface is hidden on the right side of the programming interface, as
shown in Fig. 4.5; it only pops out when the user clicks on it. This interface has the
same contents as and share data with relevant register interface. It is to facilitate the
user to monitor the register status during programming and debugging.
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|+

P

1517 S8s0d

PR[1:]

|| smmsol ||

12)s1bay

PR Remove unuse.. DI Only Mark R Mark Onl
. Viark Only
Drag-and-drop teaching settings Only Active
1: 1
. . OFF
Al Unsim Sim 0
| z OFF
Teach | Edit . .
Unsim | Sim
3:
. . OFF
Unsim Sim
4:
) . OFF
Unsim Sim
5:
. . OFF
Unsim Sim
6:
. . OFF
Unsim Sim
7:
. . OFF
Unsim | Sim
8:
) . OFF
Unsim Sim
< 1 2 3 4 128 >
Goto 1
1
Mave to point Create | Delete

Fig. 4.5 shows the pose list, I/O status list and register list from left to right.

Description of function keys on pose, I/O status and register interfaces:

Function key

Specific function

N

Click here to lock the "Pose", "I/O Status", and "Register" interfaces in the
program editing screen. Click again to unlock them. It facilitates
monitoring of relevant data status during debugging.

BE

Click here in the upper left corner of the pose screen to only display P
variable poses.

| |PR

Click here directly above the pose screen to only display PR variable
poses.

Remove unused

Click here in the upper right corner of the pose screen to delete P and PR
poses you want to delete, or to clear all poses with one click.

Click here on the pose screen to select which tool coordinate system is
All D used as the reference for the established poses.
Al Click here on the pose screen to select which user coordinate system is
used as the reference for the established poses.

PR[1:] Teach | Edit

Choose the desired pose in the pose screen, where you can re-teach
pose data and manually edit pose data.

“Move to point”

After the servo is powered on in the robot's manual mode, choose the
pose to be moved in the pose screen and click here to move the robot to
the target pose.

“Create”

Click here in the pose screen to create new pose data for the robot.

“Delete”

Click here on the pose screen to delete the pose data you want.

oo [}

Click here on the 1/O status screen to switch between the I/O types to be
monitored.

D Oy Mal_'k

Click here on the I/O status screen to mask the monitored I/O status
information.

D Onby Active

Click here on the I/O status screen to mask unconfigured 1/O states and
only display I/O states successfully configured.
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[] Click here on the register screen to switch to MR and SR register

? monitoring screens.

Click here on the I/O status screen to mask the monitored register status.

E] Mark Only

4.1.2 Copy program

Select the desired program in the program list interface and click "Copy Program" as shown in Fig. 4.6.
The user can copy the currently selected program and redefine the name, comments and type of the
copied program. (Note: The program name cannot be the same as the name in the current program list)
Copy Program is only open at or above the programmer level.

copy Program Program Adapt Model Name: GET-C5A-850
Name test_copy]

Note

Type None

Fig. 4.6 Copy Program Window

4.1.3 Delete program

Choose the desired program in the program list interface and click "Delete" to show the interface shown
in Fig. 4.7. Then, click "Confirm" to permanently delete the program, which cannot be restored. Delete
Program is only open to the levels above programmer.

Tips

The program will be deleted permanently and

0

cannot be restored.

# Cancel

Fig. 4.7 Delete Program Window

4.1.4 Choose program

Click "Menu Button" — "Program" to enter the interface as shown in Fig. 4.8. Click "Program List" to
enter the program list interface as shown in Fig. 4.9. Click the desired program as shown in Fig. 4.10.
Then, click "Open Program" to enter the current program editing interface as shown in Fig. 4.11.
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Menu

Program

New Program

Special Program Settings

Home Setting

Prograrm List

Program Launch Mode Settings

Program Monitoring

Fig. 4.8 Program Menu Window

+ Create Program
= Name % Type Update Time Author Note Protection
1 longtime None 2023-08-04 10:31:43 admin
2 i6 None 2023-06-12 11:15:47 admin
3 JE None 2023-06-12 11:06:14 admin
Fig. 4.9 Program List Window
+ Create Program
* Name = Type Update Time Author Note Protection
11 test ¢ Open B Properties @ Copy [ Delete

Fig. 4.1 Selected Program

Name : test& content is modified

A
2 FOVEL P[*], 500am/s, FINE
3 END

« Program List | B4 Edit @ Insert @© Pointer | Jump to mstep Reversed Step

* Run

J( smesol [ snsesod |

191s1bay

[
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Fig. 4.11 Program Editing Window
4.1.5 Create action instruction
Insert an action instruction according to the following steps:

1. On the program operation interface, click and select the program line to be inserted into the
program position and select the program line. Then, a cursor may display in front of the
program line number, as shown in Fig. 4.12.

“
MOVEL F[1: ], 500mm/s, FINE
END

Fig. 4.12 Pen Cursor
2. Click on "Insert Instruction" in the program operation interface to enter the instruction

selection interface, as shown in Fig. 4.13 — select the desired motion instruction (e.g. Move
Line) to enter the motion instruction editing interface.

Quick Operation

Move Line Move Joint

Move Circle R
Motion
WHILE
Logical
WAIT WAIT TIME
Assignment
Quick Edit

Structure No instruction template availablc
Socket
Vision
Track
Parameter

Functional

Other

Fig. 4.13 Instruction Selection Window

3. Modify the contents of motion instruction according to the actual situation.
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MOVE LINE~ P[*] | 500mmy/s | FINE

MNew Pose

Fig. 4.14 Motion Instruction Editing Window

4. Teach the robot to the desired target position, click on new pose in Fig. 4.14, and "*" in P [*]
will display specific numbers as shown in Fig. 4.15. Click "Confirm" to complete the insertion
of motion instructions (insertion steps are the same for MOVEJ and MOVEC instructions).

nsert Quick Operation < Back  Close
MOVE LINE~  P[*]  500mmy/s  FINE

MNew Pose

Template Cancel

Fig. 4.15 Example of Continuous Motion Instruction

Additional descriptions:

. MOVE LIN L . L . L .
Click = on the motion instruction editing interface to switch between motion instructions

(MOVJ, MOVEQC). In order to edit P, click "P [*]" in Fig. 4.14 to display the following screen.
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nsert Quick Operation < Back  Close
MOVE LINE w 500mmys | FINE -+
Pose Type P[il PRIi]

Direct Design...

Save As Te...

Cancel

Fig. 4.16 Point or Position Register Creation Window

There are two "P[*]" position types: P [i] and PR [i]. P [i] can be understood as a local variable, namely,
P [i] in each program can exclusively be used in that program. PR [i] can be understood as an overall
variable and shared for all programs. They should be selected according to actual needs.

Parameter i can be specified only directly when P [i] is used or indirectly when PR [i] is used. When
Parameter i can be indirectly specified, i in PR [i] can be an MR register, for example,

MOVEL PRIMR[1: 11, 500mm/s, FINE gnqs the indirect method. The speed parameter can also
be specified by the MR register. Click the speed parameter in the motion instruction editing interface to
modify it. Click the positioning type parameter "FINE" to modify the positioning type.

New Pose

o
-
(]
(%3]
[4»]

Click — to create P or PR.

Record Pose

Itis in light color “ ” if the pose to be taught or modified again is not selected and in deep
color 7" after the pose has been selected for teaching. Then, click “Record Pose” to update
pose data.
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Save as Template

After clicking on "Save as Template", the following screen will appear on the "Common Instructions"
and "Motion Instructions” interfaces.

Quick Edit

MOVEL P[*], 500mm/s, FINE

Fig. 4.17 Motion Instruction Template Window

Click the motion instruction statement in Quick Edit to quickly insert motion instructions into the program.

4.1.6  Modify motion instruction

Select the motion instruction to be modified in the program editing interface, and a cursor will appear in
front of the selected statement line, as shown in Fig. 4.12.

After clicking "Edit Instruction”, the following screen will appear.

Editing Tool Quick Operation

MOVE LINE~  P[2] 500mm/s | FINE

Overwrite

Template Cancel

Fig. 4.17 Motion Instruction Editing Window

Refer to the “create instruction” steps in Section 4.1.5 to modify it.

4.1.7 Create additional instruction

Based on the previous section, click "+" after the motion instruction in the editing interface, and the
following screen will appear.
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nsert Quick Operation

MOVE LINE~  P[*] 500mm/s | FINE

Swift

RTCP

Tool Offset

TA

VOFFSET

Additional Parameters

Acceleration

Offset

TB

DB

SKIP

Template Cancel

Fig. 4.18 Additional Instruction Editing Window

Select the required additional parameters. Refer to Section 3.3.5 for instructions on additional
parameters.

41.8 Insert control instruction

Control instructions are a general term for program instructions (other than action instructions) used on
the robots.

Insert If instruction

After clicking "Insert Instruction” in the program editing interface, enter the instruction selection interface.
Then, click "Common Instruction" or "Logical Instruction" as shown in the following figure.

Quick Operation Quick Operation

Quick Edit

Other

Fig. 4.18 Insert Instruction Window
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Select IF to enter the IF statement editing interface as shown in Fig. 4.19. Click ™" to add
corresponding parameters and then click "Confirm" to complete the addition of IF statement. See
additional descriptions of the IF statement for addition of parameters.

Quick Operation

I Cancel

Fig. 4.19 Insert Instruction Window

An example of IF statement programming is shown in Fig. 4.20:

IF R[1: default] E[2: default]

R[2: default] =1

ELIF R[2: default] = ERI[3: default]
E[2: default] = 2

ELSE
R[2: default] = 3

END IF

IF E[l: default] E[2: default]

E[2: default] = 2
EHND TIF

Fig. 4.20 Example of IF Instruction Program
Additional descriptions of IF statement

In the IF statement editing interface, click IFL-] to switch among IF, ELSE IF and ELSE, as shown in

the following figure.

Fig. 4.21 IF Instruction Switching Interface
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Before inserting ELSE IF or ELSE, it is necessary to insert IF. Otherwise, ELSE IF or ELSE cannot be
inserted successfully and error prompts will appear as well.

0 ERROR
Exception occurs when generating
Logical instruction.

Click ™" in the IF statement interface in Fig. 4.22 to display the IF statement parameter editing interface
for adding judgment conditions.

nsert Quick Operation < Back  Close
-k
Param 1 Param 2 |- @

Register Type JIoRLY s

Element Type RI[i] SRIi] MHII]

0 No data available
Element List

Cancel

Fig. 4.22 IF Statement Parameter Editing Interface

Parameter 1 include registers and I/O, of which the register type includes number register R [i] and the
I/0O types include special I/0 and digital 1/O.

Parameter 2 includes register, 1/0 and I/O status, of which the register type includes number register R
[i], the 1/O type includes special I/0 and digital I/0, and the I/O status includes ON and OFF.

Element type
It refers to optional register and 1/O type for Parameter 1 or Parameter 2.
Element list

It refers to specific elements for register and 1/0 type of Parameter 1 or Parameter 2. Only elements
created or configured are displayed in this list.

Explanation of symbols in the detailed interface of IF statement
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4= Add an expression.

- Remove an expression (i.e. at least one expression, nhamely, at least a term to the
— right of the equation)

() Add parentheses.

6 Remove parentheses.

Click "="to switch operators in the IF statement editing interface. For the types of replaceable operators
and their usage methods, please refer to 3.8.11 Compound Operation Instructions.

Insert SWITCH instruction

Please refer to the insertion method of IF instruction.
Insert WHILE instruction

Please refer to the insertion method of IF instruction.
Insert register and 1/O instructions

See Section 3.4 for description of register instructions.
Insert number register - R[i]

Click "Insert Instruction" on the program operation interface to enter the instruction selection interface
— Click "Assign and 1/0" to switch to the "Assign and 1/0O" instruction interface, as shown in Fig. 4.23.

sert Quick Operation Close
R MR
Common
PR PR Element
Motion
SR MH
Logical
M1 UF
TF DO
Structure
RO GO
Socket
AO
Vision
Track
Parameter
Functional
Other

Fig. 4.23 “Assign and 1/O" Instruction Interface

Click "R" to enter the R register instruction parameter filling interface, as shown in Fig. 4.24.
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nsert Quick Operation

Fig. 4.24 “Assign and 1/O" Instruction Interface

Click "*" to fill in the parameters. After that, click "Confirm" to complete instruction insertion. See Section
3.4.1 for description of R register parameters.

& Caution

The insertion steps for other registers are similar to those for I/O (DO/RO) and R registers. Please refer
to the insertion steps for registers.

Insert WAIT instruction

Click "Insert Instruction" on the program operation interface to enter the instruction selection interface
— Click "Structure Instructions" to switch to the "Structure Instructions" interface, as shown in Fig. 4.25.
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nsert Quick Operation Close
WAIT WAIT TIME
Common
PAUSE ABORT
Motion
CALL RUN
Logical
LOAD UNLOAD
Assignment
EXEC
Structure
Socket
Vision
Track
Parameter
Functional
Other

Fig. 4.25 Structure Instruction Interface

Click "WAIT" to enter the WAIT instruction parameter filling interface, as shown in Fig. 4.26.

nsert Quick Operation Back  Close

WAIT  DI[*]=ON

Fig. 4.26 WAIT Instruction Interface
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Click "DI[*]=ON" to set the parameters. After that, click "Confirm" to complete instruction insertion.
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Additional descriptions

. . _ . . WAIT DI[*]=ON -+
When inserting the WAIT instruction, the default expression is

"DI[*]=ON" to enter the interface shown in Fig. 4.27, where you can modify the expression.

. Click

Quick Operation < Back Close

DI [ *

Insert

Condition ] = ON

Cancel

Fig. 4.27 WAIT Instruction Interface

_ . WAIT DI[*]=CN +
If you want to change the element type to the left of "=" in the expression in

the above figure, click "DI" to choose available element types of 1/O type and register type. The /O type
includes (DI/DO/UI/UO) and the register type includes (R/MI/MH), as shown in Fig. 4.28.

Insert Quick Operation « Back Close Insert Quick Operation « Back  Close
WAIT + WAIT w +
Condition m [ * 1= ON Condition “ [ * 1= ON
+|=[ae] + =0l
Register Type 10 Type
Element Type DIfi] DO[i] GIfi] Element Type “ MI[i] MHI]
con Ril ROt Registers List R[1]: R[2]: RI3:
v uow R[4]: R[5]: R[6]:
10 List DIf1]: DIf2: DIf3]: R[7]: R[8]: R[9]:
DI[4] DI[S] DI[6}: R[10]: R RI12]:
DI[7]: Dif8]: DI[9]: R[13]:
Cancel DIfI0L: DAL DIN2): Cancel
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Fig. 4.28 WAIT Instruction Parameter Interface

. . . WAIT DI[*]=ON 4 ]
The value of the element type to the right of "=" in the expression varies

along with the element type to the left of "=". After setting, click "Confirm". Refer to Section 3.5 for 1/O
type values and Section 3.4 for register type values.

Insert WAIT TIME instruction

Click "Insert Instruction" on the program operation interface to enter the instruction selection interface
— Click "Structure Instructions” to switch to the "Structure Instructions" interface, as shown in Fig. 4.25.

Click "WAIT TIME" to enter the WAIT TIME instruction parameter filling interface, as shown in Fig. 4.29.

nsert Quick Operation

WAIT 0 sec

Fig. 4.29 WAIT TIME Instruction Parameter Filling Interface
Click "0 sec" to set the parameters. After that, click "Confirm" to complete instruction insertion.
Additional descriptions

Click "0Osec" in Fig. 4.29 to pop out the interface shown in Fig. 4.30.
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Timeout

Cancel

nsert Quick Operation

wr [

0

Fig. 4.30 WAIT TIME Instruction Parameter Filling Interface

Click "0" in Fig. 4.30 to set the timeout time. There are two data types for the timeout time: constant and

number register (R).

Insert LOAD instruction

Click "Insert Instruction” on the program operation interface to enter the instruction selection interface
— Click "Structure Instructions" to switch to the "Structure Instructions" interface, as shown in Fig. 4.25.

Click "LOAD" to enter the LOAD instruction parameter filling interface, as shown in Fig. 4.31.
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nsert Quick Operation ¢ Back  Close

LOAD ™

Cancel

Fig. 4.31 LOAD Instruction Parameter Filling Interface

Click the double quotes to set the parameters. After that, click "Confirm" to complete instruction
insertion.

Additional descriptions

Click on " after "LOAD" to select data types, such as register type (R, SR), string and constant.
Insert EXEC instruction

Please refer to the insertion of EXEC instruction.

Insert UNLOAD instruction

Please refer to the insertion of EXEC instruction.
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Insert PAUSE instruction

Click "Insert Instruction" on the program operation interface to enter the instruction selection interface
— Click "Structure Instructions" to switch to the "Structure Instructions” interface, as shown in Fig. 4.25.

Click "PAUSE" to complete the insertion of the PAUSE instruction.
Insert ABORT instruction

Please refer to the insertion of ABORT instruction.

Insert CALL instruction

Click "Insert Instruction" on the program operation interface to enter the instruction selection interface
— Click "Structure Instructions" to switch to the "Structure Instructions" interface, as shown in Fig. 4.25.

Click "CALL" to enter the CALL instruction parameter filling interface, as shown in Fig. 4.32.

Quick Operation

CALL

User Program List tes

Cancel

Fig. 4.32 CALL Instruction Parameter Filling Interface

Select the program to be called on the interface shown in Fig. 4.32 and click "Confirm" to complete the
insertion of the CALL instruction.

Insert SOCKET OPEN instruction

Click "Insert Instruction" on the program operation interface to enter the instruction selection interface
— Click "SOCKET" to switch to the "SOCKET" interface, as shown in Fig. 4.33.

Operation Manual for Collaborative Robot System
148 /201



~gilebot

Operation Manual for Collaborative Robot System

nsert Quick Operation Close
SOCKET OPEN SOCKET CONNECT
Common
SOCKET SEND SOCKET RECV
Motion

SOCKET CLOSE

Logical

Assignment

Structure

Vision

Track

Parameter

Other

Fig. 4.33 SOCKET Instruction Interface

Click "SOCKET OPEN" to enter the SOCKET OPEN instruction parameter filling interface, as shown in

Fig. 4.34.

nsert Quick Operation Back Close

SOCKET OPEN  SK[*]

Cancel
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Fig. 4.34 SOCKET OPEN Instruction Parameter Filling Interface

Click "SK[*]" to select the socket device; click "+" to add additional parameters (return parameters).
After that, click "Confirm" to complete the insertion of the SOCKET OPEN instruction.

For other SOCKET instructions, please refer to the insertion of SOCKET OPEN instruction.
Insert TF_NO instruction

Click "Insert Instruction" on the program operation interface to enter the instruction selection interface
— Click "Other Instructions" to switch to the "Other Instructions" interface, as shown in Fig. 4.35.

Quick Operation

TF_NO. UF_NO.
Common
ovcC OAC
Motion
Payload_NO. Comment
Logical
TIMER LABEL

Assignment

Structure

Socket

Vision

Track

Parameter

Fig. 4.35 Other Instruction Insertion Interface

Click "TF_NO" to enter the TF_NO instruction parameter filling interface, as shown in Fig. 4.36.
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nsert Quick Operation

Fig. 4.36 TF_NO Instruction Parameter Filling Interface

Click ™" on the interface of Fig. 4.36 to set the tool coordinate system number. After that, click
"Confirm" to complete the insertion of TF_NO instruction.

For UF_ NO & Payload_NO and OVC instructions, please refer to the insertion of TF_NO instruction.
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Insert Comment instruction

Click "Insert Instruction" on the program operation interface to enter the instruction selection interface
— Click "Other Instructions" to switch to the "Other Instructions" interface, and slick "Comment" to enter
the Comment instruction parameter filling interface, as shown in Fig. 4.37.

nsert Quick Operation

+ B

Fig. 4.37 Comment Instruction Parameter Filling Interface

Fill in the comment data in the rectangular bar in Fig. 4.37. After that, click "Confirm" to complete the
insertion of the Comment instruction.

Insert TIMER instruction

Click "Insert Instruction" on the program operation interface to enter the instruction selection interface
— Click "Other Instructions" to switch to the "Other Instructions" interface, and slick "TIMER" to enter

the TIMER instruction parameter filling interface, as shown in Fig. 4.38.
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nsert Quick Operation

TIMER [ * ] = *

Fig. 4.38 TIMER Instruction Parameter Filling Interface

Click ™" in Fig. 4.38 to set the timer number and value (refer to Section 3.8.6 for timer parameters).
After that, click "Confirm" to complete the insertion of the TIMER instruction.

Insert OAC - overall acceleration instruction

Click "Insert Instruction" on the program operation interface to enter the instruction selection interface
— Click "Other Instructions" to switch to the "Other Instructions” interface, and slick "OAC" to enter the

OAC instruction parameter filling interface, as shown in Fig. 4.39.
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nsert Quick Operation Back

Overall_Acceleration_Coefficient = *

Fig. 4.39 OAC Instruction Parameter Filling Interface

Click "*" in Fig. 4.39 to set the parameters. After that, click "Confirm" to complete OAC instruction
insertion.

Insert LABEL instruction

Click "Insert Instruction” on the program operation interface to enter the instruction selection interface
— Click "Other Instructions" to switch to the "Other Instructions" interface, and slick "LABE" to enter the
LABE instruction parameter filling interface, as shown in Fig. 4.40.
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nsert Quick Operation Back Close

LABEL n

ID 1

Name

Fig. 4.40 LABEL Instruction Parameter Filling Interface

Set ID number in the parameter filling box after ID in Fig. 4.40. After that, click "Confirm" to complete
the insertion of the LABEL instruction. ID is the label number and the label can be named in the nhame
field.

Insert GOTO instruction

Click "Insert Instruction" on the program operation interface to enter the instruction selection interface
— Click "Logical Instructions" to switch to the "Logical Instructions" interface, and slick "GOTO" to enter
the GOTO instruction parameter filling interface, as shown in Fig. 4.41.

Editing Tool Quick Operation Close

[loi (o B L ABEL[2]

2
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Fig. 4.41 GOTO Instruction Parameter Filling Interface

Fill in LABEL ID in the red box of Fig. 4.41. After that, click "Confirm" to complete the insertion of the
GOTO instruction.

Insert SKIP CONDITION instruction

Click "Insert Instruction" on the program operation interface to enter the instruction selection interface
— Click "Logical Instructions™ to switch to the "Logical Instructions" interface, and slick "SKIP
CONDITION" to enter the SKIP CONDITION instruction parameter filling interface, as shown in Fig.

4.42.

Insert Quick Operation ¢ Back  Close

SKIP CONDITION n 1
Condition n =
2 3

+ =0 »
Register Type
Element Type DI[i] DOV GI[i]
GOl RI[i] RO[i]

Uil UO[i]

O No data available
Element List

Cancel

Fig. 4.42 SKIP CONDITION Instruction Parameter Filling Interface

Click Position 1 in Fig. 4.42 to display the conditional parameter setting interface. Optional parameter
types include I/O type and register type at Position 2, and register type, 1/0 type, numerical value and
I/O status at Position 3. Click "=" between Positions 2 and 3 to select the desired operator and Boolean
operator. After setting, click "Confirm" to complete the insertion of the SKIP CONDITION instruction.

4.2 PROGRAM SETTING

Click "Menu Button" — "Program" to enter the interface as shown in Fig. 4.45. There are two settings:
"Special Program Settings" and "Program Launch Mode Settings".
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Fig. 4.45 Program Menu Window
4.2.1 Special program setting
Special program setting is macro program setting.
A macro program is a program with program property set to Macro.

Besides the general program calling method, macro programs can also be started by pre-configuring
and defining I/O.

Path to setting interface of macro program: Menu button — Program — Special program setting, as
shown in Fig. 4.46.

Multiple macro configurations can be set in the macro program setting interface to determine which
input signal can be used to call which macro program.

The start signal for each set of macro configurations is unique and cannot be reused with other macro
configurations. However, macro programs can be used in various macro configurations. So, the same
macro program can be called by different launch signals. However, the same signal can only call a
macro program (it is impossible to send a signal to simultaneously call two macro programs).

The following describes setting elements on the interface:

» Macro CMD: It gives a special name for the macro configuration or provides simple
explanation of the macro's purpose. The user can define it independently (supporting up to
32 characters). It is allowed to leave it blank.

» Macro program: It is a program with program property selected as Macro. The macro
program drop-down menu in this interface shows current macro programs in the system.

» 1/0O: The I/O type, which can be configured for macro launch, is DI.

» Valid or invalid: Determine whether the macro program settings are valid.

angel RI 2

DI 0

Total 2 Goto 1

Fig. 4.46 Special Program Setting Interface
4.2.2 Setting of program launch mode

When the operation mode is the auto mode, the program has four launch modes: Local Trigger,
MPLCS, Macro Trigger and MPLCS Simple Trigger.
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The user can click "Menu Button" - "Program” - "Program Launch Mode Setting" in sequence to enter
the program trigger mode setting interface as shown in Fig. 4.47. Specify one of these four trigger
modes to launch the robot program. The default mode of the system is “Local Trigger”.

Launch Mode Local Trigger
Default Launcher Local Trigger
MPLCS Trigger

Macro Trigger

MPLCS Trigger (simple mode)

Fig. 4.47 Program Launch Mode Setting Interface
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Local Trigger

Local Trigger is that the user selects and opens the desired program (i.e. enter the program editing
interface), and clicks the Start button on the TP, and the program runs continuously from the first line.

“Local Trigger” is applicable to all types of programs. .
Preconditions for “Local Trigger”

» The operation mode of the robot is the "auto mode".

» The running status of the robot is "On-Standby".

» The program execution status is “Finished”.

» The “program launch mode” is set as Local Trigger.

» An executable program has been loaded (open it to enter the program editing interface).
MPLCS

MPLCS is to trigger the main program by its trigger number.
The trigger number of the main program is in decimal.
The process of MPLCS is as follows:

1. When "MPLCS" is enabled, the system receives the Selection Strobe signal (UI[6]) from the
upper computer to maintain a high level.

2. Aslong as the UI[6] signal remains at a high level, the system may read the level states (0/1)
of six Ul signals from UI[8] to UI[13] to form a 6-bit binary number.

3. The system may also provide feedback on the 6-bit binary number read by itself through 6
UOs (Selection Confirm) and maintain a high-level signal of Selection Check Request
(UQ[6]) to the upper computer for checking the request.

4. After receiving UOs [6], the upper computer checks if the outputs of six UOs are consistent
with the given values. If consistent, it sends an MPLCS Start to the robot system (Ul[7]) and
disconnects it after a certain time (this time must be longer than 100ms).

5. After obtaining UI[7], the robot system converts the 6-bit binary number into a decimal
number and follows this number to find main programs with the same main program number.
(If not found, it reports an alarm event).

6. It triggers the main program if found. Meanwhile, it sends the UO[7] (MPLCS Start Done) to
the upper computer.

7. Then, the upper computer turns off UI[6] and UI[8]-UI[13] signals.

8. Once detecting that the UI[6] signal disappears, the robot system resets UO [6], UO [8] - UO
[13] and UO [6] signals.

& Caution

At present, considering the I/O limit of the standard /O board, the Ul Program Selection and UO
Selection Confirm used for MPLCS start only need 6 bits to form a 6-bit trigger code.
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The specific time sequence can be referred to Fig. 4.48:

INPUT: PROGRAM SELECTION ]
[UI8-13) —= =—Above Omsec

OUTPUT: SELECTION STROBE _I_|

—- =— Internal processing
time of the robot

OUTPUT: SELECTION COMFIRM
[U08-13)
OUTPUT: SELECTION CHECK REQEST

—= =— Above Omsec

INPUT: MPLCS START
T =—Above 100mesc

The program starts on the falling edge, but the ON
| state should remain at least 100mesc.

. Internal processing

time of the robot
QUTPUT: MPLCS START DONE

Internal processing
time of the robot

OUTPUT: PRGRAM RUNNING |
Fig. 4.48 MPLCS Timing Diagram

“‘MPLCS” is applicable to main programs with the attribute “Main”.
Preconditions for “MPLCS”

» The operation mode of the robot is the "auto mode".

» The running status of the robot is "On-Standby".

» The program execution status is “Finished”.

» The “program launch mode” is set as MPLCS.
MPLCS Simple Trigger

The process of MPLCS mode is relatively complex. In many scenarios, such a complex process is
unnecessary (ordinary integration users also do not want too complex timing logic). So, the MPLCS
Simple Trigger mode is provided. Compared to the complete mode, the simple mode simplifies the
process of feeding back the received UI[8] - UI[13] signals for external confirmation.

» The robot can find the START signal when it is in the "MPLCS Simple Trigger Mode" and the
corresponding trigger conditions are met.

» Itis considered necessary to start the program when the START signal shows a falling edge
(from high level to low level). Then, UI[8] 1~UI[13] are read and combined into a decimal
number as the program code. It tries to find the corresponding program to start and reports
an alarm if not found.

» Other mechanisms, e.g. pause and stop, are the same as the complete mode.
MPLCS Simple Trigger Mode is applicable to main programs with the attribute “Main”.

Preconditions for “MPLCS Simple Trigger Mode”
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» The operation mode of the robot is the "auto mode".

» The running status of the robot is "On-Standby".

» The program execution status is “Finished”.

» The “program launch mode” is set as MPLCS Simple Trigger Mode.

Macro Trigger

Macro Trigger is to trigger a macro program through pre-configured I/O, as detailed in Chapter 4.2.1.

Preconditions for Macro Trigger

» The operation mode of the robot is the "auto mode".

» The running status of the robot is "On-Standby".

» The program execution status is “Finished”.

» The “automatic program launch mode” is set as Macro Trigger.

Macro Trigger is applicable to macro programs.

Additional descriptions

1. When the program type is selected as Main, the functions of “program start point” and
‘program number’ are additionally shown on the program property interface. The
programmer is allowed to choose whether to disable the "Program Start Point" function as
shown in Fig. 4.49. Please refer to Section 4.3 for details.

2. The program number ranges from 1 to 255. However, since only 6 system signals are used
to call Main programs and the maximum decimal number composed of 6 signals is 64, the

maximum program number for external calls to the Main program is 64.

Program Properties
Program Adapt Model Name: GBT-S6A-700

Name al

Note

Type Main

Home Pose m Not set

Program Num -1

ber

% Cancel + Confirm

Fig. 4.49 Program Property Window

3. None - general programs: There are no special restrictions or distinctions. In the auto mode,
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it cannot be started by any means other than Local Trigger mode (manually pressing the start
button). However, it can be called by other programs.

4. Macro - Macro program: During execution, a macro program can be called through macro
start.

5. Introduction to macro program launch mode: The user can set it in the special program
settings (macro settings) interface and each macro program corresponds to a DI one by one.
A macro program can be started through pre-set I/O.

6. To start the main program through "MPLCS" or “MPLCS Simple Trigger", the running mode
switch must be in the auto mode.
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4.3 PROGRAM START POINT

The user can set the program start point (i.e. home point) for the automatically running program in order
to prevent unpredictable danger or injury when the program starts automatically in the auto mode, for
the robot's current position is not at the program's start point planned by the programmer and the first
path planned is different from the debugging process and does not meet the programmer's expected
path to the first target point. Successively click "Menu Button" — "Program" — "Start Point" to enter the
screen as shown in Fig. 4.50.

The elements of program start point include:

» J1-6 is the joint information for this pose. Unit: angle.
ID: The ID number of the pose can be modified.
Comment: support 128 bytes.
Name: support 32 bytes.

YV V. V V

Float value: The positive/negative floating range during verification of Home point. Unit of
display layer: angle. The allowed range is 999.999 with a default value of 0.5.

The user can add or delete the home point of the program and record the current point as the home
point by clicking the "Teaching Log" button at the bottom of the page. Click the "Edit" button to change
the value and floating value of the robot axis. In order to quickly teach the robot to the recorded
program home point, the user can use the "Move to Point" button to move the robot to the home
position.

nrlidetautd | D 1 Group ID 1 Name  default
HP[2:default]

Comment
HP[3:default]

HP[4:default] Value Float Value Value Float Value

HP[5:default]

Goto 1

Fig. 4.50 Program Home Point Window
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4.4 EXECUTE PROGRAMS

441  Trigger the program in manual mode

Executing a program in manual mode is also known as "program debugging and execution". The robot
program can be executed according to the following steps:

1. Set the mode switch to the manual mode (manua or limit manual).
2. Open the program to be executed (refer to Section 4.1.4 for program opening).

3. Choose how to execute the program (continuous, single step & positive sequence, single
step & reverse sequence)

Fig. 4.51 Selection of Program Execution Modes

4. Select the statement from which line to execute the program. The selected statement is
highlighted as shown in the following figure.

\ GOTO LABEL [2]
E[l1: ] =2

Fig. 4.52 Program Window

5. Click the "Arrow to Cursor". Execution will start from the selected line when the program is
triggered.

6. Press the "Reset" button on the wired handle to clear alarm and other information and
activate the robot (observe if the status lamp on the robot joint turns green).

7. Press the Start button to run the program.
4.4.2  Trigger the program in auto mode
The user can only execute programs continuously in auto mode.

Moreover, in the auto mode, the program must be executed through the "automatic trigger mode”
specified by the system settings or resumed from the pause status.

Only when the status is in "ON-standby" in the robot's running status bar (and the program status is not
in "Paused" or "Running") can it be started through the automatic program trigger mode.

In the auto mode, simply press the "Start" button or send a "Restart” Ul signal to the controller to
resume the execution of a paused program.

Multiple ways can be adopted to start the program in the auto mode. Please refer to Section 4.2.2 for
details.

The robot program can be executed according to the following steps:

1. Open the program to be executed (Do not open the program when it is called through the
program number or macro instruction. The corresponding program should be opened only
during manual execution.)

2. Set the mode switch to the auto mode (A).

Operation Manual for Collaborative Robot System
164 /201



~gilebot

Operation Manual for Collaborative Robot System

3. Press the "Reset" button on the wired handle or send a “Restart” Ul signal to the controller to
clear alarm and other information and activate the robot (observe if the status lamp on the
robot joint turns green).

4. Start the corresponding program according to the set program trigger mode (directly press
the Start button, send the DI trigger signal with the specified macro or launch the program
according to the timing sequence specified by the main program trigger mode).

4.4.3 Program pause and abort
Pause

The robot's program is paused for some reason during operation. After pause, the program arrow stops
at the executing program line.

The following actions may cause pauses:

» When the program is running, the user clicks the Pause button; or the robot receives an
external Pause signal.

» There will be alarms causing "pause" behavior, such as "STOP", "Pause", "Servo 1" and
other level alarms. When a program is executed in single step or reverse order, it may enter
a pause state after each instruction is executed.

» A“Pause” instruction is executed during program execution.

& Caution

The alarm levels of STOP and Servo 1 can cause the abortion of the motion. However, they only cause
the program to pause, causing a "STOP" alarm. Although the motion stops instantly, the program turns
to a pause state.

Abort
There are two abort states: program abort and motion abort.
Program abort

Program abort: The robot's program can be paused for some reason during operation. After abort, the
system maintains the sequence number of the instruction line just being executed. Please note: normal
completion of the program or execution of abort instruction is also considered as a special case of
program abort.

If a subprogram called by a higher-level program is aborted during execution, the information returned
to the higher-level program may be lost and the subprogram cannot be independently started and
executed again or return the information to the higher-level program after execution.

The following actions may cause program abort:

» The user clicks the Pause button twice. The interface will pop up a box indicating whether to
stop current program. Click “Confirm”.

» An alarm possibly causing "program abort" occurs.
» AN “End” instruction is executed during program execution.
» A“Abort” instruction is executed during program execution.
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Motion abort

Motion abort: The general motion abort of the robot refers to power-off of the servo motor and
application of the brake. It is not required to distinguish whether the robot is moving, decelerating or
stationary at this time, but the servo is powered off and the brake is applied directly.

Generally, motion abort may not necessarily cause program abort, but may result in program pause
(e.g. when the e-stop button is pressed); program abort does not necessarily trigger motion stop as well.
It is possible that the program has ended and the robot is still running and waiting for the instruction to
execute another program.

The following actions may cause motion abort:

» The user clicks the Pause button twice. The interface will pop up a box indicating whether to
stop current program. Click “Confirm”.

» An alarm possibly causing "motion abort" occurs.

» A“Abort” instruction is executed during program execution.

444 Resume after pause

When the program execution status of the robot is "Pause", the user can click the Start button to
resume the program start if the robot's running status is "On-Standby” and no alarm above "Pause”
level is valid.

4.5 PROGRAM MONITORING

Successively click "Menu Button" — "Program" — "Program Monitoring" to enter the program
monitoring screen.

The program monitoring screen is as shown in the figure below:

Basic_ Test MOVE)J

Program Name Basic Test MOVEJ

Currently executed line No. 7

Status
Fig. 4.54 Program Monitoring Interface
Click to switch between "Run" and "Pause”. “Run” means to execute the program and “Pause”
means to pause the program. Click to stop the program.
Status:
» Running
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» Pause

» Abort

& Caution

For Python script programs, Pause is invalid, while Abort is valid.
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5 STATUS DISPLAY
5.1 REGISTER MANAGEMENT

The registers used by the Collaborative robot include number register (R), motion register (MR), pose
register (PR), string register (SR), socket register and Modbus register.

5.1.1 Number register instruction
The number register (R]i]) is displayed and set on the number register screen.

Successively click "Menu Button" — "Data" — "Number Register" to enter the number register setting
screen as shown in Fig. 5.1.

Number Register D
1
Name

Comment

R[4] Value 0

Fig. 5.1 Number Register Setting Interface
It is allowed to create or delete registers on the number register setting interface.
Description of number register parameters
» ID: Register number.

» Name: Appoint the name of number register here. The name can be composed of characters
less than 31 bytes, but is not allowed to contain: #$%&*()@+-=/\,:;""|<>~{}

» Comment: Add a comment to the number register here. The comment may contain up to 128
bytes of characters.

» Value: Set the register value here. Range: $99999999.999.
After setting of the above parameters, click “Save”.
5.1.2 Motion register

The motion register (MR][i]) is displayed and set on the motion register screen.
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Successively click "Menu Button" — "Data" — "Motion Register" to enter the motion register setting
screen as shown in Fig. 5.2.

Motion Register

1
Name

MR[2]

Comment
MR[3]
MR[4] Value 10

MRI5]

Fig. 5.2 Motion Register Setting Interface
It is allowed to create or delete registers on the motion register setting interface.
Description of motion register parameters
> ID: Register number.

» Name: Appoint the name of motion register here. The name can be composed of characters
less than 31 bytes, but is not allowed to contain: #$%"&*()@+-=/\,:;""|<>~{}

» Comment: Add a comment to the motion register here. The comment may contain up to 128
bytes of characters.

» Value: Set the register value here. Range: an integer within the range of £99999999.
After setting of the above parameters, click “Save”.
5.1.3 Pose register
The pose register (PRJi]) is displayed and set on the pose register screen.

Successively click "Menu Button" — "Data" — "Pose Register" to enter the pose register setting screen
as shown in Fig. 5.3 and Fig. 5.4.
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Pose Register

D 1 Group ID 1 Name
ID: 1
Comment
PRI1]
PRI2] Coordinate Type
PRI3] X -499.615 Y 16.107 Z 894274
PRI4] A 20 B 40 c 125725

PR[5:undefineds] .
Number of rotations

PR[6:undefined6] 13 0 14 0 J6 0

PR[7:undefined7] . . .
Joint configuration

PRIE] FLIP up FRONT
PR[9]

PR[10]

PR[11:undefined11]

PR[12:undefined12]

PR[13:undefined13]

% Edit ¢ Move to point

Create Delete

Fig. 5.3 Pose Register Setting Interface (Cartesian)

Pose Register D 1 Group ID 1 Name

D: 1

Comment
PR[1]

PR[2] Coordinate Type Cart

PR3] 1 174.000 )2 1744 #J3  -5.684

PR[4]

Ja -25.060 #J5 56.932 )6 -120.324

PR[5:undefined5]

PR[6:undefinedd]

PR[7:undefined7]

PR[8]

PR[9]

PR[10]

PR[11:undefined11]

PR[12:undefined12]

PR[13:undefined13]

. ~ + Save Cancel ¢ Mave to point
Create Delete

Fig. 5.4 Pose Register Setting Interface (Joint)

It is allowed to create or delete registers on the pose register setting interface; perform data switching
between Cartesian coordinate system (Fig. 5.3) and joint coordinate system (Fig. 5.4) by

- I

Description of pose register parameters
> ID: Register number

» Group ID: ™" represents the robot body, while other values represent external axes.
Currently, only "1" is supported for body representation.
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>

Name: Appoint the name of motion register here. The name can be composed of characters
less than 31 bytes, but is not allowed to contain: #$%"&*()@+-=/,:;""|<>~{}

Comment: Add a comment to the motion register here. The comment may contain up to 128
bytes of characters.

Value: Set the register value here. Range: an integer within the range of £99999999.

The values (X, Y, Z, A, B, C) in the Cartesian coordinate system represent poses of the
specified TCP in the specified user/base/world coordinate system.

The values (J1, J2, J3, J4, J5, J6) in the joint coordinate system represent the angles of each
robot joint.

Writing of coordinates

>

Current robot coordinates can be recorded by the "Teach Record" button (this value does not
include the information of user and tool coordinate systems). So, when the PR pose register
is used in the program, it is necessary to use UF_No and TF_No instructions to specify the
user or tool coordinate system in advance. Spatial positions represented by the PR register
may not necessarily be the same under different user or tool coordinate systems. Current
coordinate system is used if no coordinate system is specified in the program.

It is also allowed to fill in coordinate values by clicking the "Edit" button. After that, click
"Save" to complete the filling.

In the manual mode and with the servo powered on, click "Move to Point" on the pose register interface.
Then, the robot will move to the point in the pose register.

5.14

String register

The string register (SR]i]) is displayed and set on the string register screen.

Successively click "Menu Button" — "Data" — "String Register" to enter the string register setting
screen as shown in Fig. 5.5.

28 2admin ~ 2 Manual Of

331355,'3-3-"3‘-‘3 Continue .
= - Group:1 | UF1 ~  TFO v  User Coordinate ~
No Program Running

String Register
1
Name

Comment

Value
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Fig. 5.5 String Register Setting Interface
It is allowed to create or delete registers on the string register setting interface.
Description of string register parameters
> ID: Register number.

» Name: Appoint the name of string register here. The name can be composed of characters
less than 31 bytes, but is not allowed to contain: #$%"&*()@+-=/,:;""|<>~{}

» Comment: Add a comment to the string register here. The comment may contain up to 128
bytes of characters.

» Value: Set the register value here. It can contain 255 bytes at most.
After setting of the above parameters, click “Save”.
5.1.5  Socket register
It is used in conjunction with socket instructions (see Section 3.8.10 for socket instructions).
Overview
The robot acts as Socket Client or Server to perform socket communication with other devices.
Operation process:

On the Socket register page, configure the robot as a Client or Server parameter, such as
communication protocol, IP, port, etc.

Call the Socket program instruction when writing a program.
Position

Successively click "Menu Button" — "Data" — "Socket Register" to enter the socket register setting
screen as shown in Fig. 5.6 and Fig. 5.7. TCP and UDP can be selected as functional protocols. The
robot can be used as Server or Client, of which configuration items are different.

Operation Manual for Collaborative Robot System
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- - . i WORKING Continue ] ]
H A admin ~ 2 Manual Op. Group:1 UF:D ~ TF:Q ~ Joint Coordinate ~

longtirne
Socket Register

1
Protocol TCP Robot As Client
SK[
Server Port 1025
Client IP

sefault time of

receive-limeout

Fig. 5.6 Socket Register Setting Interface (Client)

Socket Register

D 1 Name
1
Protocol TCP Robot As Server
SKI11
SKE2) Server IP 172 . 17 . 18
Server Port 6000
Default time of 15

receive-timeout

Fig. 5.7 Socket Register Setting Interface (Server)

Description of socket register parameters

>

ID: Register number.

» Name: Appoint the name of string register here. The name can be composed of characters

less than 31 bytes.

Robot as Server (as shown in Fig. 5.7):

Operation Manual for Collaborative Robot System

1737201



~gilebot

Operation Manual for Collaborative Robot System

>
>

>

Server IP represents the IP of the robot.

The server port represents the port number used by the Socket. It is used when the Client is
connected.

The default time of receive-timeout represents the waiting time when data is received from
the Socket. It will not wait beyond this time. The return value of the corresponding program
instruction for receive-timeout is 999.

Robot as Client (as shown in Fig. 5.6):

>

>

5.1.6

Server IP represents the IP of the server to be connected by the robot on the opposite end. It
is input by the user.

Server Port represents the port of the server to be connected by the robot on the opposite
end. It is input by the user.

Client IP represents the IP of the robot (which cannot be changed in the interface shown in
Fig. 5.7).

The default time of receive-timeout is the same as the Server.

Modbus special registers

They can be used to monitor Modbus registers and currently support monitoring of slave Input
Registers and Holding Registers.

Among them, Holding Registers are represented by MH[i] and Input Registers by MI[i], where i is the
sequence number. Total number of each register can be configured to 120 at most.

Successively click "Menu Button" — "Data" — "Modbus Special Register" to enter the Modbus special
register setting screen as shown in Fig. 5.8.

& Caution

Before entering the Modbus Register screen, the Modbus slave function must be activated. Otherwise,
an error may occur when entering the Modbus Register page.

Operation Manual for Collaborative Robot System
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20251116 -
. Continue . 10%
154052 Group:1 | UF:1 ~ | TR0 ~ | User Coordinate ~ MANUAL

HH o i Manual O L
um admin ~ 2 F No Program Running ol

Holding Regist
olding Registers Address 1

MHI1]
MHI2] Register Value 0
MHI3]
MH4]
MH[5]
MHIE]
MHI7]
MH8]
MHI9]

MH[10]

> Goto 1

Fig. 5.8 Modbus Special Register Setting Screen

. Holdi ist . o .
Click 9 Registers to switch between the monitoring interfaces of Input Registers and

Holding Registers, as shown in Fig. 5.8.

Holding Registers

Holding Registers

Input Registers

Fig. 5.8 Modbus Register Switching Window
I/O mapping and Modbus special registers

I/0 mapping can be adopted to map Inputs/Coils in the Modbus special registers to DI/DO according to
the following steps:

1. Successively click "Menu Button" — "Communication" — "Bus Configuration" to enter the
interface shown in Fig. 5.9 and turn off the slave function (do not operate it if already turned
off).

Operation Manual for Collaborative Robot System
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Robot as : Slave

Function

IP 172.17.18.6

Port 502

Name  ModbusServer

Response Delay 0 Disable

Fig. 5.9 Bus Configuration Window

2. Click "Function" to enter the interface shown in Fig. 5.10. Then, click "Edit" to configure the

address and number of Inputs/Coils for the slave station. Maximum number of Inputs/Oils is
1024.

Robot as : Slave
Config
Coll Status Address 1
Discrete inputs
Quantity 256

Holding Registers

Input Registers

Fig. 5.10 Bus Register Signal Configuration Window

3. Atfter configuration, click "Config" to return to the interface shown in Fig. 5.9 and activate the
slave function.

4. Enter the I/O mapping screen to map the required I0s (Coil Status mapped to DI and
Discrete inputs mapped to DO) (see Section 2.1.1 for specific operations)

5. Enter the I/O status screen to monitor and operate DI/DO.

Operation Manual for Collaborative Robot System
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5.2 CURRENT POSITION

It is the current position interface (as shown in Fig. 5.11) mainly used to provide the user with real-time
information about the robot's current pose during robot teaching; and provide the user with a convenient

function to move to a confirmed target point.

This interface consists of two parts: Positions in Coordinate (current position) (Area 1 in Fig. 5.11) and
Go To Position (target position) (Area 2 in Fig. 5.11) of the robot.

am & admin v u tes UF:0 v Group:1 Joint Coordinate 70%
Bl 5023-11-17 11:2023 TR0 v Continue Limited

Position in Coordinate: Joint Coordinate ~  Unit: Degree

J1: 0.000 ° J4: -3.864 ° J7: -
J2: -1.050 ° J5: 0.000 ° J8: -
J3: 0.070 ° J6: 0.000 ° J9: -
Target Pose: Cart Joint
X 0 Y o Z 0
A 0 B 0 cC o0

Number of rotations:
J3 0 J4 0 J6 0
Joint configuration:

NOFLIP up FRONT

¢ Move to point

Fig. 5.11 Positions in Coordinate Interface (Cartesian)

Description of Positions in Coordinate area

The Positions in Coordinate area displays the current pose information of the robot, so that the user can
conveniently observe the robot's pose in real-time during the teaching process. The displayed data is
shown in Fig. 5.11 when the system coordinate system is selected as the Cartesian space coordinate

system and in Fig. 5.12 when the joint coordinate system is selected.

Operation Manual for Collaborative Robot System
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Position in Coordinate: Joint Coordinate ~  Uhit: Degree ~
J1 J5: Jo
J2 J6:
J3: J7:
J4: J8
Target Pose: Cart

¢ Move to point

Fig. 5.12 Current Position Interface (Joint)

Position in Coordinate:
Click Joint Coordinate to choose world coordinate system, base coordinate system, joint
coordinate system or user coordinate system. If the world, base or user coordinate system is selected,
the coordinates of current robot's TCP in the corresponding coordinate system will be displayed. If the
joint coordinate system is selected, joint coordinates of current robot will be displayed. (It is
independent of the "Current Coordinate Selection" on the status bar).

] Unit: Degree : . .
Click to convert angle units: angle system or radian system.

Description of “Go To Position” area

The user can iniut the specified target point (it is allowed to input Cartesian or joint coordinate data and
Cart

click to switch data types). After that, the robot is enabled to power on. Press and
hold the "Move to Position" button so that the robot can slowly move to the target point in a relative
motion mode (MoveJ).

Operation Manual for Collaborative Robot System
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6 ROBOT COMMUNICATION SETTING

Summary

Collaborative robots are provided with the Modbus TCP protocol, so that the customers can

communicate with peripheral devices through buses.

Modbus TCP is an open master/slave application communication protocol. Currently, Collaborative
robots can only support the slave function. 4 transmission data formats are as follows:

Function Type Authority Robot mapping
Discrete output (coils) Single bit Read and write Digital Input
Discrete input (coils) Single bit Read only Digital output
Input Registers 16-bits word Read only MI register
Holding Registers 16-bits word Read and write MH register

Slave configuration

Successively click "Menu Button" — "Communication" — "Bus Configuration" to enter the Modbus slave
configuration screen as shown in Fig. 6.1.

2023-11-16
15:46:24

& admin ~ 2 Manual Of

Robot as : Slave

Function

P 172.17.18.6

Port 502

Name  ModbusServer

Response Delay 0

Continue
No Program Running

ModBus-TCP

Group:! | UF:1 ~ | TR0 ~ | User Coordinate ~

Disable

Description of parameters:

>

>
>
>

Fig. 6.1 Current Position Interface

IP address: Slave (robot) address

Port number: The port used for communication with the master station

Name: Slave Name

Response delay: The latest response time specified for communication between master and

slave stations

Slave setting steps

Operation Manual for Collaborative Robot System
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1.

2.

In Fig. 6.1, it is necessary to first turn off the Enable state if the slave function is enabled.
Then, the configured IP address must be in the same domain as the robot (the default IP of
the robot is 192.168.110.2) and the name and response delay of the slave station cannot be

kept blank.

Click "Function" in Fig. 6.1 to enter the register setting interface shown in Fig. 6.2.

Config

Robot as : Slave

Coil Status
Discrete inputs
Holding Registers

Input Registers

Address 1

Quantity

256

Fig. 6.2 Bus Register Signal Setting Screen

Set register address and number according to actual needs as shown in Fig. 6.2.

» Coil register: address and range of 1-1024

» Discrete Input register: address and range of 1-1024

» Holding Register: address and range of 1-120

» Input Register: address and range of 1-120

After setting the register address and number, click "Config" to return to the interface in Fig.

6.1 and

Enable {4 enable the configuration as shown in Fig. 6.3.

Robot as : Slave

Function

P

Port

Name

Response Delay

172.17.18.6

502

ModbusServer

0

Disable

Fig. 6.3 Current Position Interface
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7 SYSTEM BACKUP AND LOADING

>
>
>

Prevent accidental damage or loss of programs or software during use or transmission.
Before program modification, make a backup of the source program for convenient recovery.

Overall coverage or loading of robot software, programs and files.

7.1 BACKUP AND LOAD OBJECTS

Data

Software
>
>

User’s program files
Data files

System setting files
MCCP files

Logs

Robot application software

Robot motion control software

& Caution

Exclude operating system and underlying drivers.

Selection of backup method:

A.

Single file backup (file management interface): Choose a single file for backup and save it to
a folder in the designated USB drive path.

Single type backup (file management interface): Choose a file type, back up all files of this
type and save them to a folder in the designated USB drive path.

All backup (file management interface): Back up all files and save them to a folder in the
designated USB drive path.

Mirror backup (file management interface): Mirror all contents listed: all files, robot application
software and robot motion control software, and save them in zip or other form to a
designated USB drive.

Selection of load method:

A.

Single file loading (file management interface): Designate a path and select a single file for
loading.

Single type loading (file management interface): Designate a path, check a file type and load
all files of that type in this directory.

All loading (file management interface): Choose a folder and load all recognizable robot files
in this directory.

Operation Manual for Collaborative Robot System
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D.

Mirror loading (file management interface): Choose the mirror zip package folder, select the
mirror loading mode, decrypt and decompress the zip package and replace all files and
installed software in the controller (not involving operating system). Generally, this method is
used to restore software to a certain version or recover a debugged robot engineering
application as a whole.

7.2 DESCRIPTION OF OTHER FUNCTIONS

>

>

Path browsing: It provides path browsing and selection functions for backup and
restore/loading. It is allowed to open the folder in the path of AgilebotRobotBackup in the
USB drive until you select the desired subdirectory.

File recognition: During backup and restore/loading, only mirror files (.zip) and common
folders in the path of AgilebotRobotBackup can be recognized. It is required to ensure that
this directory only contains files related to the robot system.

Folder edit: It is allowed to create, delete and edit the named folders in the directory of
AgilebotRobotBackup.

Overwrite prompt function: When restoring/loading to the controller, please confirm whether
to overwrite the files with the same names (if any). The options include "Confirm to

Overwrite", "Skip", "Cancel Backup/Load (previously overwritten files cannot be restored)"
and there is a check box "Perform the same operation for subsequent files".

Progress confirm: display backup or loading progress.

7.3 USER’S OPERATION MODE

Backup:
1.

Switch the robot to the SERVO_OFF state. Click "Menu Button" — "Management" — "File
Management" — "Backup" and open the file management interface, as shown in Fig. 7.1.

O Backup &l Restore ® Select All % Close

File Management

Filter

All Files
user_programs Program
User Program Files
macro_program_setting SystemSetting
Data Files

program_launch_setting SystemSetting System Setup Files

Home SystemSetting TP System Configuratio...
controller_ip_config SystemSetting MmCcce
Log

system_start_file SystemSetting

Bitmap
PR Data

Diagnosis

R Data
SR Data
MR Data

SK Data

io_mapping Data

Fig. 7.1 File Management Interface
Operation Manual for Collaborative Robot System
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2. Click the square behind the target file, select the target file and then click the "Backup"
button.
3. Select the path and specific operating directory, as shown in Fig. 7.2 and 7.3. If necessary,
create or edit folders.
Restore/Load
Select Path
cabinetUsa Cancel
Fig. 7.2 Path Selection Interface
Backup
Fig. 7.3 File Directory Interface
4. Select the destination folder for backup and click "Start Backup".
5. Wait for the system to complete the execution.
Mirror:
1. Switch the robot to the SERVO_OFF state. Click "Menu Button" — "Management" — "File
Management" — "Backup" and open the file management interface.
2. Click on the "Mirror" button.
3. Select the path and specific operating directory. If necessary, create or edit folders.
4. Select the destination folder for backup and click "Start Backup".
5. Wait for the system to complete the execution.
Restore/Load:
1. Switch the robot to the SERVO_OFF state. Click "Menu Button" — "Management" — "File
Management" — "Restore/Load" and open the file management interface.
2. Select the path and specific operating directory.
3. Select the files to load and click “Start Restore”; wait for the system to complete the

execution.
Operation Manual for Collaborative Robot System
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X

B AgilebotRobotBackup
[ folder_1690962734643
[ folder 20231113

© Build backup files
© Delete [ Rename

© Delete [ Rename

Start Backup Back to previous

Fig. 7.4 Restore File Directory Interface

Precautions
»  Authority: This operation can be performed under admin.

» Execution conditions: The robot is in the manual mode, does not perform any motion
instructions (regardless of teaching or programming) or is idle.

» ltis necessary to restart the robot after mirror restore.

» No other software operations are allowed during loading or backup.

Operation Manual for Collaborative Robot System
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8 PRACTICAL FUNCTIONS
8.1 PROGRAM OFFSET

For a certain range of action statements in the program, the recorded poses in motion statements are
uniformly transformed according to pre-specified rules and then the transformed program is treated as a
new program or segment.

Offset type
*  General offset: parallel or parallel-rotation offset
*  Mirror offset: symmetrical offset relative to the designated symmetry plane

«  Circular array offset: Angular offset around the rotation axis on the same circumference

Typical application scenarios
Fig. 8.1 Pose Data Offset Based on Certain Pattern  Fig. 8.2 Regular Repeating of Pose Data
Steps:

Click "Menu Button" — "Application" — "Program Offset" to enter the function setting interface as
shown in Fig. 8.3;

= A& admin v No Program Running UF:0 v Group:1 Joint Coordinate v 70%

2023-11-16 15:52:52 System-0090 TF:0 v ON_STANDBY Continue Limited

Program Offset

Original Program Target Program
Jransformation Local nsert Line 3]
Scope et
Program Range 1 To -1
Offset Type General Offset
Offset Setting Teaching reference pose Rotation Disable
Show position X o ¥ o Z |0
Original Pose Target Pose
Teach Use Reference Point

Execute Transformation Clear Data
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Fig. 8.3 Program Offset Setting Interface

2. Source Program: Choose the program name to be offset in the "Source Program" field. If offsetting a
certain range in the Source Program, choose "Part" in the "Transform Scope" and enter the specified
line number in the "Program Scope";

3. Target Program: Enter a new program name in the "Target Program" field, and the offset instructions
will be generated in the new program. If an existing program name is entered, it is required to specify
the line number to be inserted into the existing program in the "Target Line";

4. Offset Type: Choose General Offset, Mirror Offset or Circular Array Offset in the "Offset Type".
5. After setting, click "Do Transformation" to generate a new point.
6. Click “Save” to generate a new program.
Precautions:
» Offset calculation is only allowed for P[] rather than PR]].
» Cart and Joint points are kept unchanged after offset.

» The offset of Joint point fails if beyond the soft limit after offset. This point is used as the
value of the untaught log in the copied program.

» If being offset according to the rules, Cart points are not used in reachability judgment.
8.1.1  General offset
General offset
* Directly input X, Y and Z offsets.

* Reference poses: 1 source pose and 1 target pose

Fig. 8.4 General Offset

General offset with rotation

+ Reference poses: 3 source poses and 3 target poses

Operation Manual for Collaborative Robot System
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Fig. 8.5 General Offset with Rotation
8.1.2 Mirror offset
Mirror offset

* Reference poses: 1 source pose and 1 target pose

Fig. 8.6 Mirror Offset
Mirror offset with rotation

* Reference poses: 3 source poses and 3 target poses

Fig. 8.7 Mirror Offset with Rotation

Operation Manual for Collaborative Robot System
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8.1.3 Circular array offset
No rotation axis is designated.
* Reference poses: 3
Rotating surface: form a rotating surface automatically by 3 points

Rotation axis: The center of a circle formed by three points is perpendicular to that of
the rotating surface.

/
/4
P2 /./ = v\ Posmve rotatiopt
'\ e & A
o P17
P3 7
/

Rotating surface Rotation axis

Fig. 8.8 No Rotation Axis Designated
Rotation axis designated

+ Reference poses: 3 reference poses and 1 pose on the rotation axis

® po

/ P2 ® /
/ 7~ | Y Positive rotation//

/ N
/ ®p3 LB

/ Rotating /
/ surface ' /

Rotation
axis

Fig. 8.9 No Rotation Axis Designated
8.2 BASIC SPACE ANTI-INTERFERENCE

Interference prevention function in basic space: When other robots or peripheral devices enter the
predetermined interference region, the robot may automatically stop until it is confirmed that other
devices have moved from the interference region, even if a motion command is issued to the robot to
enter the interference region. Then, the stop state is released and the robot automatically restarts the
action. Meanwhile, corresponding outputs can be set. The robot can determine the position of the TCP
point in real-time. When TCP enters the interference region, the designated DO state is set to OFF,
informing peripheral devices that the robot has entered the interference region. Corresponding DO will
be set to ON after TCP leaves the interference region.

Operation Manual for Collaborative Robot System
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Setting steps:

1. Click "Menu Button" — "Application" — "Reference Pose” — "Basic Space Anti-interference" —

"New" to enter the configuration interface, as shown in Fig. 8.10.

I:l Basic Space Anti-Interference
Name omment Disable/Enable
test

3 u

Basic Configuration

ID Group 1 Name test
Comment

Input Signal DI DI[102°F Output Signal DO plel)]

Monitoring High Inside/outside Inside

priorities of monitored

space
Area configuration of space
UF 0 TF 0
Shape of Cubic Method to Vertex + Diagonal Vertex
space determine
shape
Datum Vertex X 552.000 Y: -2.266 Z 850.000
Diagonal Vertex X: 553177 Y: 0913 Z 849.808
Fig. 8.10 Basic Space Anti-interference
Area configuration of space

UF 0 TF 0

Shape of Cubic Method to Vertex + Diagonal Vertex
space determine

shape
Datum Vertex X: 552.000 Y: -2.266 Z 850.000
Diagonal Vertex X: 553.177 ¥ -0.913 zZ 849.808 1

2. After

Fig. 8.11 Saving of Basic Space Anti-interference

Introduction to basic configuration interface:

Operation Manual for Collaborative Robot System

setting, click "Save" — "Return" — "Deactivate/Activate" to activate the interference region as shown in
Fig. 8.11.
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Basic Configuration

ID Group 1 Name test

Comment

Input Signal DI DI[1027F... Qutput Signal Do DO[6]

Monitoring High Inside/outside Inside
priorities of monitored

space

Fig. 8.12 Basic Configuration Interface
1. Input signal:

Set the input signal (customized signal) to input whether other robots or external devices have entered
the interference region.

When the input signal is disconnected and the robot tries to enter the interference region, the robot gets
into a hold state. When the input signal is connected, the hold state is released and the system
automatically restarts.

& Caution

The robot decelerates and stops from the moment it enters the interference region from the center point
of the tool. So, the actual stop position of the robot is where it enters the interference region.

2. Output signal:

Set the output signal (customized signal). The output signal is disconnected when TCP exists in the
interference region and connected when TCP is outside the region.

» The output signal is connected under the safety status (outside the interference region).
» The output signal is disconnected under the hazard status (inside the interference region).
3. Monitoring priority:

Make clear which robot has priority in entering the interference region when this function is used on two
robots and these robots attempt to enter the interference region simultaneously. It should be designed
that the robot on the "high" (priority) side enters the interference region first, performs and completes
the operation and exits the interference region, and then the robot on the "low" (non-priority) side can
enter the interference region. In addition, 2 robots must be arranged with different settings from the
other side.

4. Monitoring space (inside/outside):
Appoint the inside or outside of the set cut as the interference region.

Introduction to space region configuration interface:

Operation Manual for Collaborative Robot System
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ID Group

Comment

Input Signal DI DI[1027F...

Monitoring High

priorities

Basic Configuration

1 Name test

Qutput Signal [ple} DO[6]

Inside/outside Inside
of monitored

space

Fig. 13 Space Region Configuration Interface
Contents of space region Description
configuration
UF Choose the user coordinate system.
TF Choose the tool coordinate system.

Space shape

Cube at default

Vertex + Side Length: The length from the base vertex to the
side of the cube along Axes X, Y and Z of the user coordinate
system (each side of the cube must be parallel to the coordinate
axis of the user coordinate system).

Vertex + Diagonal Vertex: The interference region is a cube with
reference and diagonal vertices.

Shape determination method

Setting steps for Vertex + Side Length method:

1. Set vertices of the interference region. Move the currently activated TCP of the robot to the position
set as the vertex of the interference region, and click on "Teach Record". Then, the current TCP
position is set as a vertex of the interference cube. It is also allowed to directly input the coordinates X,
Y and Z.

2. Specify side length of the cube along Axes X, Y and Z of current user coordinate system from
vertices in the side length column.

Area configuration of space

UF 0 TF

Shape of Cubic Method to Vertex + Side Length

space determine

shape

Datum Vertex X 552.000 Z 850.000

Side Length X 0.000 Z 0.000

Fig. 8.14 Setting by Vertex + Side Length Method
Setting steps for Vertex + Diagonal Vertex method:

1. Move the currently activated TCP of the robot to the position set as the vertex of the interference
region, and click on "Teach Record". Then, the current TCP position is set as a vertex of the
interference cube. It is also allowed to directly input the coordinates X, Y and Z.

2. Move the currently activated TCP of the robot to the position set as the diagonal vertex of the
interference region, and then click on "Teach Record". It is also allowed to directly input the coordinates
X, Y and Z.

Operation Manual for Collaborative Robot System
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Area configuration of space

UF 0 TF 0

Shape of Cubic Method to Vertex + Diagonal Vertex
space determine
shape

Datum Vertex X: 552.000 Y: -2.266 Z 850.000

Diagonal Vertex X: 0.000 Y. 0.000 Z 0.000

Fig. 8.15 Setting by Vertex + Diagonal Vertex Method
8.3 REFERENCE POSE

The reference pose is one or several pre-set specific poses. After this function is enabled, the system
may check in real time whether the current joint angle of the robot is within a certain range of the set
reference pose (the range can be set) and a specified signal is output. This function can usually be
used to inform peripheral devices that the robot is in a specific safe position or whether it is at a safe
pose before starting the robot program.

It is allowed to set 10 reference poses.
Enter the Setting Screen:

Successively click "Menu Button" — "Application" — "Reference Pose" to enter the reference pose
setting interface as shown in Fig. 8.16.

Menu / Application

Coardinate Transformation Program Offset

Base Space Anti-Collision Reference Pose

Fig. 8.16 Reference Pose Interface
Specific steps:
1. Click "Create" to create a reference pose RP.
2. Click "Edit" to set the parameters.

3. Set the digital output signal when the tool is in the reference pose, which can be selected as
DO or RO. Take care to avoid duplication with other signals.

4. There are 2 methods for teaching reference poses: teach to record the current pose and
directly input coordinates of the reference pose. Enter coordinates on the left and the
allowable error range on the right. Never set the float value as 0, for it should basically be
above 0.1.

5. Press the Activate button after setting and click to save the changes.
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RP[1:default

RP[2:default]
RP[3:default]
RP[4:default]

RP[5:default]

Reference Pose

| ID Group ID Name

Comment

Value Float Value Value Float Value

* Move to point

Fig. 8.17 Reference Pose Setting Interface
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9 EVENT INFORMATION TABLE
9.1 EVENT DESCRIPTION

Agilebot robot event levels and corresponding behavior strategies, as shown in Fig. 9.1:

Behavior strategies corresponding to event levels

Event level | Robot motion Servo bus User Scope Safe stop strategy
power supply program corresponding to alarms
INFO Unaffected Unaffected Unaffected / None
PAUSE.L Stop after Unaffected Local None
PAUSE.G deceleration Overall
STOP.L Stop after Local
STOP.G deceleration I?g\r/]ve; Oeﬁ Pause Overall Cat. 1stop
immediately gag
SERVO1 stop brakes) Overall Cat. 0 stop
ABORT.L Stop after I?g\r/]ve; oeff Local Cat. 1 sto
ABORT.G deceleration g9ag Overall ' P
brakes)
SERVO2 Overall Cat. 0 stop
Cat. O stop
Abort It is a major issue related to
immediately Power off the system. After this alarm
(engage occurs, all robot operations
SYSTEM stop brakes) Overal should be prohibited. After it
is solved, it is necessary to
shut down, restart and
initialize the system.
Warning Unaffected Unaffected Unaffected /bush None

Fig. 9.1 Event Levels and Strategies

Description of current alarm event:

Events with a level above "Info" (exclusive) are defined as alarms.

"Current alarm" is a valid alarm not successfully reset yet, and the corresponding processing behavior
of its "event level" may continuously generate restrictions or warnings on the system. Accordingly, the
alarm, which has been reset, is no longer a current valid alarm but a past alarm. Such an alarm is not
shown in the list of "Current Alarms" but in the "Event History".

The current alarm is displayed in the "Event Information” area of the Ul status bar. It is used to remind
the user whether there are still active alarms in the current system, so that the user can conveniently
maintain and debug the robot.

Please note the following points:
»  Only current events with the highest level is displayed in the event information bar.
»  Events with "Info" or higher levels are displayed in the "Event Information" status bar.

» There is also an independent interface for displaying all current alarms, but the events at the
"Info" level are not displayed in this interface (for Info is not actually an alarm).
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9.1.1 Relevant interfaces and function descriptions

2023-08-06 N
5 WORKING Continue
2% 2admin v 2 Manual Op. p9:22.58 ongtime 2 Groupl  UF0 ~ | TR0~  Joint Coordinate ~ MANUAL L‘\lr?ft(fd
FI Help

ilEDOT

Drive the FOF

NG

Fig. 9.2 Event Information Area in Status Bar

The alarm event status bar is shown in Fig. 9.2. The user can click event information area on this status
bar to enter the current alarm interface as shown in Fig. 9.3.

Active Alarm
Event Code Description Time
1 Operation-0021 The administrator has logged in with the default password. It..  2023-08-10 23:13:33
2 System-0090 Interface does not exist, this functionality may not be availa 2023-08-10 23:10:41
3 File-0032 “fetc/model_info" not exist* 2023-08-1022:16:50

Fig. 9.3 Current Alarm Interface

The current alarm interface is to display all current alarms present in the system. They are sorted in
chronological order from current to past. The user can click any alarm to enter its detailed description
interface.
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Event Details

) Operatlon-0021 (WARNING)

ADMIN_LOGIN_WITH_DEFAULT_PASSWORD
Event Description
The admini stretor has logged in with the defeult password. It is recommended to updats the passwone®
Consequence
Cause

Solution

Figure 9.4 Event Detail Interface

Fig. 8.4 shows an event detail interface for current alarm - single alarm. This interface provides specific
and detailed description of a certain alarm, including code, level, name, description, consequence,
cause and action. The user can switch among different alarms by Previous/Next. The switched list is
related to the alarms on current alarm interface.

Send a Reset signal to the controller for resetting. After the controller completes resetting (successful or
failed), the "Current Alarm" interface is refreshed. The alarms (if any) after resetting are displayed in the
current alarm interface in chronological order. Without alarm, an empty page is shown and no alarm is
displayed on the status bar of the interface.

The user can also click the History Event button on the current alarm interface to enter the History
Event interface.

9.2 HISTORY EVENT

Overview

Historical events record user's operations on the robot system as well as alarms, prompts and status
transitions inside the system, for example, a series of events, such as user login, alarm, pause, motor
power-on, contactor release, robot entering manual speed limit mode, reset, calibration, etc.

A Caution

The storage size is limited for an Event Log. Beyond this limit, a new log will overwrite the oldest one
from the current time.
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9.2.1 Relevant interfaces and function descriptions

- R WORKING Continue
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Event Level  ALL Search Scope 2023-08-06 00:00:00 Te 2023-08-06 23:59:59 Search
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Fig. 9.5 Event Log/History Interface

Successively click "Menu Button" — "Shortcut Menu" — "History Event" to enter the history event log
interface as shown in Fig. 8.5. This interface lists all events in chronological order from present to past.

The user can filter them through specific filters. There are two filters. One is based on alarm category or
level selected by the user and the displayed contents are related to the category selected by the user;
another is a time filter, of which the user can choose to display only event logs in a certain period.

If the user clicks an event entry in the event log, it will also automatically enter its detailed description
interface.
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10 LIST OF SOCKET ERROR CODES

This chapter introduces the meanings of optional parameters in the SOCKET instruction (see Section

3.8.12)

Parameter Meaning

0 Success

1 Operation not permitted

2 No such file or directory

3 No such process

4 Interrupted system call

5 Input/output error

6 No such device or address

7 Argument list too long

8 Exec format error

9 Bad file descriptor

10 No child processes

11 Try again

12 Out of memory

13 Permission denied

14 Bad address

15 Block device required

16 Device or resource busy

17 File exists

18 Cross-device link

19 No such device

20 Not a directory

21 Is a directory

22 Invalid argument

23 File table overflow

24 Too many open files

25 Not a typewriter

26 Text file busy

27 File too large

28 No space left on device

29 lllegal seek

30 Read-only file system

31 Too many links

32 Broken pipe

33 Math argument out of domain of func
34 Math result not representable
35 Resource deadlock would occur
36 File name too long

37 No record locks available

38 Invalid system call number
39 Directory not empty

40 Too many symbolic links encountered
41 Operation would block

42 No message of desired type
43 Identifier removed

44 Channel number out of range
45 Level 2 not synchronized

46 Level 3 halted
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47 Level 3 reset

48 Link number out of range

49 Protocol driver not attached

50 No CSI structure available

51 Level 2 halted

52 Invalid exchange

53 Invalid request descriptor

54 Exchange full

55 No anode

56 Invalid request code

57 Invalid slot

58 Resource deadlock would occur

59 Bad font file format

60 Device not a stream

61 No data available

62 Timer expired

63 Out of streams resources

64 Machine is not on the network

65 Package not installed

66 Object is remote

67 Link has been severed

68 Advertise error

69 Srmount error

70 Communication error on send

71 Protocol error

72 Multihop attempted

73 RFS specific error

74 Not a data message

75 Value too large for defined data type
76 Name not unique on network

77 File descriptor in bad state

78 Remote address changed

79 Can not access a needed shared library
80 Accessing a corrupted shared library
81 Jib section in a.out corrupted

82 Attempting to link in too many shared libraries
83 Cannot exec a shared library directly
84 lllegal byte sequence

85 Interrupted system call should be restarted
86 Streams pipe error

87 Too many users

88 Socket operation on non-socket

89 Destination address required

90 Message too long

91 Protocol wrong type for socket

92 Protocol not available

93 Protocol not supported

94 Socket type not supported

95 Operation not supported on transport endpoint
96 Protocol family not supported

97 Address family not supported by protocol
98 Address already in use

99 Cannot assign requested address
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100 Network is down

101 Network is unreachable

102 Network dropped connection because of reset
103 Software caused connection abort
104 Connection reset by peer

105 No buffer space available

106 Transport endpoint is already connected
107 Transport endpoint is not connected
108 Cannot send after transport endpoint shutdown
109 Too many references: cannot splice
110 Connection timed out

111 Connection refused

112 Host is down

113 No route to host

114 Operation already in progress

115 Operation now in progress

116 Stale file handle

117 Structure needs cleaning

118 Not a XENIX named type file

119 No XENIX semaphores available
120 Is a named type file

121 Remote 1/O error

122 Quota exceeded

123 No medium found

124 Wrong medium type

125 Operation Canceled

126 Required key not available

127 Key has expired

128 Key has been revoked

129 Key was rejected by service

130 Owner died

131 State not recoverable

132 Operation not possible due to RF-Kill
133 Memory page has hardware error
999 Recv timeout
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Contact us

Agilebot Robotics Co., Ltd. (Shanghai Headquarters):
Floor 8, Tower 6, Zhongjian Jinxiu Plaza, No. 50, Lane 308, Xumin Road, Qingpu District, Shanghai

Agilebot Operation and Technical Service Center:

Building 1, No. 338 Jiuye Road, Qingpu District, Shanghai

Service hotline: +86-21-5986 0805

Website: www.sh-agilebot.com
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