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Introduction

Micropsi Industries’ robot control system, MIRAI, allows users to automate complex motion tasks in
dynamic process environments by manually training robots. MIRAl is a machine learning-based system
that generates robot movements based on sensory input and (re-)acts in real-time based on image
data.

Today, most automation solutions are programmed in a script language or ‘taught’ using a teach
pendant and its user interface. MIRAI, on the other hand, can train robots to solve complex hand-eye
coordination tasks by ‘watching’ these being performed through a human operator and ‘imitating’ the
actions seen. Key advantages of MIRAI compared to more ‘classical’ automation approaches are: first,
the ease of use in solving and automating complex motion tasks without previous expert knowledge in
automation, machine vision or programming. Second, MIRAI's underlying machine learning technology
is inherently able to handle different sources of process variances and dynamics within the task and
its environment. With this, the MIRAI controller can solve new classes of tasks and problems in
automation and robotics that normally required complex and expensive solutions or were impossible
to automate before.

To ‘train’ the robot, the user scans, either manually or using “recording assistant”, the area between
the precise target position and the intended starting position(s). These scanned demonstrations are
called episodes. For more complex tasks, the user performs and records repeated demonstrations of
a task, by guiding the robot from varying starting positions to the target position, in a very precise
trajectory. The user manages the camera recording of the respective episodes through our MIRAI
Training App for Android tablets. These episodes are then transformed into a vision-based robot motion
program by our cloud-based machine learning service, which results in a ‘MIRAI skill'. These trained
skills ultimately allow the MIRAI controller to imitate the motions and actions it was shown by steering
robot movements, dealing with all the dynamics and variances the user trained for in real time (closed
loop).
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T Getting Started

1.1 Safety Precautions

1.1.1  Robot Safety

& CAUTION

We recommend using Manual Reduced Velocity mode (T1) when working with MIRAI.

To ensure safety, follow these precautions:

e Always keep a safe distance from the robot:
o Keep the KUKA smartPAD with an EMERGENCY STOP button within reach at all times.
e Follow all safety precautions in the KUKA robot safety guidelines.

Manual Reduced Velocity mode (T1) is recommended when using MIRAI. The method for
selecting the operation mode (AUTO/T1/T2) depends on your robot and controller model. On
the robot controller, use either a key switch or turn-knob. On the KUKA smartPAD, use the
Mode Select function. For more details on mode selection, refer to the operator’'s manual.

After you train a MIRAI skill and add it to the robot program, you can change the operation
mode back to T2 or AUTO.

1.1.2 The Enabling Switch (Deadman Switch)

/\ IMPORTANT

You must hold the enabling switch on the KUKA smartPAD while using the MIRAI Training
App.

When the enabling switch is pressed (in the middle position), the [I] indicator is green. If the
switch is released, the indicator turns off, and the KUKA smartPAD will display this message:
“RSI cannot set any outputs due to operator protection.” Certain features in the MIRAI Training
App will be unavailable until the enabling switch is pressed again. To continue using the MIRAI
Training App, hold the enabling switch in the middle position.

1.2 Supported KUKA models

MIRAI is compatible with all KUKA robot models that meet the following requirements:
e KR C4 or Ch controller
e KUKA.SystemsSoftware (KSS) 8.6 or 8.7.

MIRAI has been tested on the following KUKA robot models so far:

e KR 10R900-2
e KR 1100-2
e KR 4R600
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1.3 MIRAI Components

1.3.1  MIRAI Kit

The MIRAI kit includes the following components:

e  MIRAI controller: Siemens SIMATIC IPC BX-39A - power supply not included
e Android-based tablet with the MIRAI Training App

e Camera setup:
Cameras: USB 3.0 cameras (XIMEA xiQ) or Gigk cameras (Baumer VCXG.2-15C.1)
Camera lenses (9 mm and 16 mm)

Connection cables
Ring lights and adapters

o O O O O

Camera mount (optional)

e ForUSE 3.0 camera setups only: Ethernet Gigabit switch and cables

1.3.2 Additional Components

Some additional components are required to use the MIRAI system, and some components are
optional. All additional components must be procured by the customer

Required components

e 324V power supply to provide power to the MIRAI controller. For other options
(230V/110V), contact your account executive

e For Gigk camera setups only: Siemens SCALANCE XC208G PoE Switch. For other options,
contact your account executive.

Optional components for using the hand-guiding feature:

e One of the following force/torque sensors:
OnRobot HEX-E v2

o OnRobot HEX-QC
o ATl Axia80-M20 with adapters
o Any ATl sensor supporting the Network Force/Torque (NET F/T) system

(tested with ATI-9105-Net-Gamma)

To configure the sensors, see: Configuring the OnRobot Compute Box and Configuring the ATI
Sensors.

1.4 Required KUKA Software Options
o  KUKA robot arm and control system: KR C4 or KR C5
o KUKA.SystemSoftware (KSS): Version 8.6 or 8.7
e The following software packages must be purchased and installed on the KUKA robot controller:

Software Packages Version Provided by

KUKA.Ethernet KRL Version 3.0-3.2 KUKA

KUKA.RobotSensorinterface (RSI) | Version 4.1 and higher for KR C4 KUKA
Version 5 and higher for KR Ch

e For conveyor functionality only:

Software Package Version Provided by
KUKA.ConveyorTech Version 8-8.2 KUKA
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1.5 Compatibility between Micropsi Industries Software Versions

A KOP file (KUKA Option Package file) is required to integrate and manage MIRAI capabilities on the
KUKA controller. KOP files. Two MIRAI KOP files available:

1. Mirai.kop: Contains configurations and data to activate MIRAI capabilities
2. MiraiConveyor.kop. Identical to Mirai.kop but includes additional conveyor functionality

You will receive the appropriate KOP file based on your need for conveyor functionality. Note that both
KOP files cannot be installed simultaneously on the KUKA controller.

Different versions of MIRAI require specific versions of the KOP files for compatibility, as listed below.

Compatible with: Compatible with:
MIRAI Version Mirai.kop Version MiraiConveyor.kop Version
Starting MIRAI 15.0.0 Version 1.0.3 -
Starting MIRAI 16.0.0 Version 1.0.4 -
Starting MIRAI 18.0.0 Version 1.0.5 -
Starting MIRAI 18.1.4 Version 1.1 -
Starting MIRAI 21.0.0 Version 2.0 Version 2.0

1.6 MIRAI Controller Interface Description

. Power on/off

o o©

. Power supply (24V, not included)
4 USB 3.2 ports
. RUN/STOP LED

e. Ethernet port X1P1, configured to 192.168.100.5
f. Ethernet port X2P1, for WAN/internet DHCP
g. Link-aggregated Ethernet ports X3P1 and X4P1, configured to 192.168.99.5

e o

1.7 MIRAI Controller Specifications

e Intel Xeon W-11555MLE (1.9/4.4 GHz, 6C/12T)
16GB DDR4-3200 SO-DIMM
e SSD512GBEco

e 24V power supply
e Operating conditions: 0° C to 55° C. Humidity 5% to 80% at 25° C (no condensation)

e Dimensions:

o Width: 262 mm
o Height: 139.7 mm
o Depth: 62.6 mm
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2 Setting up the MIRAI Controller

The MIRAI controller is a compute and control unit. It uses camera images to calculate robot
movements in real time.

To set up the MIRAI controller, first assemble the camera and force/torque sensor stack (Section 2.1).
Then connect the MIRAI controller to all system components. Different cameras require specific setups:

For USB 3.0 cameras, see Section 2.2.
For GigE cameras, see Section 2.3.

2.1 Assembling and Mounting the Camera and Force/Torque Sensor
Stack

Additionally required components:
+ Supported F/T sensors:

OnRobot Hex-E QC or V2,
Schunk ATI

= 10" Android tablet
« Cat 5 Ethernet Cable (x5)
* Ring light: Recommended:

Effilux EFFI-RLSW-00-050-W,
ring light adapter

Camera

Camera lens

Camera fixture

Ring light

OnRobot Hex-E QC sensor

Training gripper

Figure 1: Diagram of the correct order for assembling the camera and force/torque sensor stack.

IMPORTANT: The physical MIRAI setup must be assembled in the order shown above

To mount cameras and the force/torque sensor on the robot arm, follow these steps:

oL~

Attach the camera lens to the camera.

Screw the ring light adapter and the ring light on to the lens.

Mount the camera on the camera fixture with the provided screws.

Mount the assembled camera fixture on the robot tool flange using the adapter plate and the

provided screws.

Attach the force/torque sensor to the adapter plate with the provided screws.

e Testif the sensor is mounted correctly by ensuring that the robot arm moves in the
direction in you push it in. If it moves in a different direction, you need to remount.
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6. Click on the quick changer tool adapter.
7. Attach the training gripper or other end-of-arm tool.

8. Connect the cable with the camera and secure the cable to the robot arm, leaving enough slack
to allow the robot arm to move freely.

2.2 USB 3.0 Camera setups

2.2.1 MIRAI Setup Scheme with USB 3.0 Cameras

This schematic diagram of a MIRAI-controlled robot setup shows the components of a MIRAI-based
solution. The diagram shows all supported peripherals and how they connect through various
interfaces.

The MIRAI solution includes the elements below:

o MIRAI robot controller: generates sensor-based, real-time robot movements based on trained
skills

o MIRAI Training App: primary user interface for the MIRAI controller; runs on an Android-based
tablet and allows users to record training episodes and manage MIRAI skills

e Micropsi Industries cloud: calculates MIRAI skills using training episodes

Internet MIRAI controller Camera 1
DHCP capable Default IP: 192.168.100.5 M'Rﬂ!
ethernet connection Training
app

= (7 (7

h

. al (@l = = Tablet Camera 2

= o dl {optional)

T
mH
B

KUEA robo
Drefault [P: ]
C4/05:172.311.

i Ethernet LAN switch

FIT sensor box
Default IP DnRobot: 192.148.100.15
Default IP ATl Schunk: 192.168.100.20

B @ @

Supplied components

Figure 2: Schematic view of a MIRAI-controlled robot setup with USB 3.0 cameras

2.2.2 Mounting and Cabling the MIRAI Controller with USB Camera Setup

NOTE: Refer to Section 1.6 for a diagram of the MIRAI controller.

To connect all components in the MIRAI-controlled robot setup, follow these steps:

1. Place the MIRAI controller and the Ethernet LAN switch near the KUKA robot controller or robot
arm. We recommend securing the MIRAI controller to prevent it from falling or shifting.

2. Connect the KUKA robot controller to the Ethernet LAN switch.
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a. For KR C4 controllers:
Connect the Ethernet cable to port X66 on the KUKA controller. This interface can support
multiple virtual interfaces. For RSI, create a new virtual interface (such as virtualé,
virtual7, etc.) and configure it as UDP with the IP address 192.168.100.100. Leave the
default interface, virtualb, for KLI or other customer network interfaces, such as
PROFINET.

b. For KR Cb controllers:
Connect the Ethernet cable to the default KPI port XF5. If an additional port, XFé, has been
purchased, it can also be used for the Ethernet connection.

3. Connect the force/torque sensor box to the Ethernet LAN switch.

4, Connect the Ethernet LAN switch to Port X1P1 on the MIRAI controller, creating a local area

network (LAN) for the robot control environment.
5. Connect the USB 3.0 cameras to the MIRAI controller’'s USB ports.

6. Connect the Wi-Fi module to a USB port on the MIRAI controller to link it with the tablet.

7. Connect the Ethernet WAN port (X2P1) on the MIRAI controller to a network with WAN/internet
access. Ensure that the connected network offers DHCP service, as the IP address for this port will
be assigned automatically through DHCP.

a. NOTE: To use a proxy to connect with the Micropsi cloud, see Connecting to the Micropsi
Cloud Using a Proxy Server. For information on the cloud connection and handling of
recorded data, see Data FAQ in_MIRAI Training User Manual.

8. Connect a 24 V power supply to the MIRAI controller to turn the controller on. Check the LED
RUN/STOP indicator for a green light to confirm successful system boot and started runtime.

2.3 Gigk Camera Setups

2.3.1 MIRAI Setup Scheme with Gigk Cameras

These schematic diagrams show MIRAI-controlled robot setups for one GigE camera (¢top) and two GigE
cameras (bottom). The diagrams show all supported peripherals and how they connect through various
interfaces.

The MIRAI solution includes the elements below:

o MIRAI robot controller: generates sensor-based, real-time robot movements based on trained
skills

e MIRAI Training App: primary user interface for the MIRAI controller; runs on an Android-based
tablet and allows users to record training episodes and manage MIRAI skills

e Micropsi Industries cloud: calculates MIRAI skills using training episodes

e The MIRAI software package: integrates MIRAI skills into robot program flows on the Teach
Pendant
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Micropsi Industries AWS Internet MIRAI controller GigE Camera 1
Virtual Private Cloud: DHCP capable Default IP for port XIP1: 192168100.5 MIRAI Default IP:
Eu-central-1 region ethernet connection Training ***1 192168100011

app

in Frankfurt, Germany M12, 8 pole, male

Data is S3-encrypted in transit and rest

with AWS-managed CMK ﬁ f
XIPI  X2P1 X3P1 X&P1
@ dddi —

FANUC robot controller
port #2 / CD38B
Default IP: 192.168.100.100

sesecsssesssstsseeesssesssresssttssectssstssssassnsssrese

Gigabit PoE switch

.
sessene

.
.
.
.

secsssccssccscssetsennae

F/T sensor box
Default IP OnRobot: 192.168.100.15
Default IP AT| Schunk: 192.168.100.20

Figure 3. Schematic view of a MIRAI-controlled robot setup with one GigE camera

Micropsi Industries AWS Internet MIRAI controller S GigE Camera 1
Virtual Private Cloud: DHCP capable Default IP for port X3P12X4P1: 192168995 MIRAI Default P
Eu-central-1 region ethernet connection Training *e*q 19216899111

in Frankfurt, Germany app

Mi2, 8 pole, male

Data is S3-encrypted in transit and rest
with AWS-managed CMK

(=} (77 (7
@ | a @ g Tablet

GigE Camera 2
Default IP:
192.168.99.112

M12, 8 pole, male

:

FANUC robot controller
port #2/CD388
Default IP: 192.168.99.100

Gigabit PoE switch

n

g

sesssscsscsssssssnnsnes

[ G Tpeeseesees

F/T sensor box
Default IP OnRobot: 192.168.99.15
Default IP ATI Schunk: 192.168.99.20

Figure 4. Schematic view of a MIRAI-controlled robot setup with two GigE cameras

2.3.2 Mounting and Cabling the MIRAI Controller with Gigk Cameras:

GigE cameras are part of the MIRAI network and have an Ethernet interface. They have an IP address that
needs to be configured to the same subnet as the robot, the force/torque sensor, and the MIRAI controller.
The MIRAI controller has preconfigured ports for one or two cameras

Step 5 describes setups using the preconfigured ports on the MIRAI controller. The network can also be
configured manually to customize settings, which may use different ports.

NOTE: Refer to Section 1.6 for a diagram of the MIRAI controller.

10
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1. Place the MIRAI controller and the Gigabit Ethernet switch near the KUKA robot controller or robot
arm. We recommend securing the MIRAI controller to prevent it from falling or shifting.

2. Connect the KUKA robot controller to the Gigabit Ethernet switch.

a. For KR C4 controllers:
Connect the Ethernet cable to port X66 on the KUKA controller. This interface can support
multiple virtual interfaces. For RSI, create a new virtual interface (such as virtualé,
virtual7, etc.) and configure it as UDP with the IP address 192.168.100.100 (if using
custom settings, enter the IP address for your subnet). Leave the default interface,
virtualb, for KLI or other customer network interfaces, such as PROFINET.

b. For KR Cb controllers:
Connect the Ethernet cable to the default KPI port XF5. If an additional port, XFé, has been
purchased, it can also be used for the Ethernet connection.

3. Connect the GigEk camera or cameras to the Gigabit Ethernet switch.
4, Connect the force/torque sensor box to the Gigabit Ethernet switch.

5. Connect the Gigabit Ethernet switch to the MIRAI controller using the following ports:
a. Forone GigE camera: Connect Ethernet port X1P1 on the MIRAI controller with any port
on the Gigabit Ethernet switch.

b.  Fortwo GigE cameras. Connect link-aggregated ports X3P1 and X3P4 on the MIRAI
controller with two link-aggregated ports on the Gigabit Ethernet switch.

6. Connect port X2P1 on the MIRAI controller to a network with WAN/internet access. Ensure that the
connected network offers DHCP service, as the IP address for this port will be assigned
automatically through DHCP.

a. NOTE: To use a proxy to connect with the Micropsi cloud, see Connecting to the Micropsi

Cloud Using a Proxy Server. For information on the cloud connection and handling of
recorded data, see Data FAQ in_MIRAI Training User Manual.

7. Connect the Wi-Fi module to a USB port on the MIRAI controller to link it with the Android tablet.

8. Connect a 24 V power supply to the MIRAI controller to turn the controller on. Check the LED
RUN/STOP indicator for a green light to confirm successful system boot and started runtime.

11
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3 Installing and Connecting MIRAI Training App

The MIRAI Training App is the primary user interface for the MIRAI solution. It is a mobile application
for Android-based tablets that allows users to do the following:

3.1

Create and define new MIRAI skills
Record training episodes to train new or improve available skills
Create new skill versions using recorded episodes

Test newly calculated skills to ensure they perform as expected or continue adding training
episodes to further improve the behavior of an available skill

Set, test, and revise end state parameters that allow MIRAI to trigger a successful skill
execution

View and track execution KPIs of skills while they operate in production mode (in development)

Accelerate and tune skill execution speed to achieve optimal tact time without compromising on
precision

Manage and delete trained skills

Installing the Latest MIRAI Training App to the Tablet

1.

Ensure that the MIRAI controller is set up, powered on and that the Wi-Fi module is
connected.

Power on your Android tablet and switch on its Wi-Fi network. Go to the Wi-Fi settings of the
tablet and choose the network SSID from the MIRAI controller, which should be named
“MIRAI-</D_number>." The ID number of the MIRAI controller, which is indicated on the
product sticker. Enter the MIRAI password, also printed on the same sticker.

Within the Android settings of your device, navigate to Settings > Security, and activate the
option that reads “Allow install of apps from unknown sources” or has similar wording.
Depending on your Android version, this menu item might not be present, and instead the
system will ask for permission to install the APK file once trying to open it. In this case, grant
the request.

Start the internet browser of the tablet and go to http://mirai:6543/mint/apk.

Click to confirm downloading the MIRAI Training App installation file, mint.apk. After
downloading, tap on the file in the Android file browser to install the app. If a security
message requests permission to install the APK file, grant the request.

Start the MIRAI Training App. It should show the "Skill training” screen with an overview of the
trained skills available on the MIRAI controller. When you use the app for the first time, this
list will be empty.

12
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4 Network Configuration

4.1 Networks in the MIRAI setup

There are three networks in the standard MIRAI setup: the robot network, the WAN, and the Wi-Fi network.
The MIRAI controller uses different ports for each network, ensuring they remain separated and cannot
communicate with each other.

Robot Network: This network includes the MIRAI controller, the robot controller, a force/torque
sensor (if used), and the GigE camera or cameras (if used). Each device in this network has a static
IP address. The devices are connected through specific ports on the controller, ensuring they
operate within an isolated network that cannot communicate with the other networks.

Wide Area Network (WAN): This network also includes the controller, but it is connected through a
different port preconfigured to expect a DHCP-assigned IP address. The WAN typically includes an
HTTP/HTTPS proxy that facilitates communication between the controller and the Micropsi cloud,
making it reachable via the internet. This network is logically separated from the robot network.

Wi-Fi Network: This network is created by the controller and includes a single member, an
Android-based tablet. The Wi-Fi network is isolated from both the robot network and the WAN,
ensuring that the tablet can only communicate with the controller through this dedicated wireless
connection.

The following sections explain how to set up the robot network on the KUKA smartPAD (see Section 4.3) and
in the MIRAI Training App (see Section 4.4).

The MIRAI controller has four network ports. The ports have the following settings:

Port number Controller name MIRAI controller Subnet

Port 1 X1P1 192.168.100.5 192.168.100.0/24
Port 2 X2P1 set via DHCP set via DHCP
Port 3 X3P1 192.168.99.5 192.168.99.0/24
Port 4 X4P1 192.168.99.5 192.168.99.0/24

Different ports and network configurations are recommended for different camera setups. Choose one of
the following configuration options depending on your camera setup:

USB 3.0 cameras: Refer to section 4.4.1.
One GigE camera: Use Port 1 or custom settings (see section 4.4.2)
Two GigE cameras: Use Ports 3 and 4 (see section 4.4.3)

For custom network settings, users can manually configure the ports as desired. Refer to section 4.4.4.

13
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4.2 Network Configuration on the KUKA smartPAD

NOTE: These steps show the settings for the default configuration for MIRAI controller Port#1 (X1P1) on
the 192.168.100.0/24 subnet. The MIRAI controller is assigned to the IP address 192.168.100.5. If you
are using a different subnet, the fields you need to adjust will be highlighted in boxes below.

All components in the MIRAI network must be configured to the same subnet.

To enter the robot’'s IP address on the KUKA smartPad, follow these steps:

IMPORTANT: Make sure you are logged in as an “Expert” user group.

Step 1. Tap the top left main icon.

Step 2. Tap Startup and then Network Configuration.

DR 2 [ il -

11:24:38 AM 8/1/2022 LOS 120 >
mmn_m-mmnm

p

“»

\

.

Qe PRREIEN . | 4 e 2w o

I @ 11:31:37 AM 9/1/2022 LOS 120
LI The logged-on user switched from Operator to Expert.
o . _Network configuration

Configured interfaces:

B v % jirtual5 (KLT)
¥

i Real-time receiving Task

‘ ey R ) SO T im“gn, Address type:
Fived IP address

IP address:
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Step 4. Tap virtual (RSI).

1. Inthe Interface properties section on the right:
o Interface designation: enter RSI.
o Address type: Select Mixed IP address.

2. Tap on Real-time receiving Task and Select UDP.

3. For the standard configuration, enter the following IP addresses:
o IP address:192.168.100.100
o Subnet mask: 255.255.0.0
o DNS Server: 0.0.0.0

For custom settings, enter the appropriate subnet.

4. Ensure that the checkbox for the Windows interface is not selected.

0 . > 100 = .
6 ﬂﬂ-s w| k|4 [ =

@ 11:31:37 AM 9/1/2022 LOS 120 S
| The logged-on user switched from Operator to Expert.
= »

Network configuration

L
o e ) e T - e
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NOTE: The Virtualb interface on KUKA controllers should be kept for the KUKA Line Interface (KLI) or other
customer network interfaces like PROFINET. Both the KR C4 and KR C5 KUKA controllers use the same KLI
interface with the IP address 172.31.1.147.

8190741
() BRRE - ¢ [« o -

Standard gateway:
{virtuals) [ Y | 0

DNS Server:
(virtuals)

[ T T

Remove Remove
M

Step 5. Configure the force/torque sensor.

o Forthe 192.168.100.0/24 subnet (Port X1P1 on the MIRAI controller)
o Forthe OnRobot F/T sensor, use 192.168.100.15. For more information, see Section
7.1
o Forthe ATI F/T sensor, use 192.168.100.20. For more information, see Section 7.2.

e Forthe 192.168.99.0/24 subnet (Ports X3P1 and X4P1 on the MIRAI controller)
o Forthe OnRobot F/T sensor, use 192.168.99.15. For more information, see Section
7.1.
o Forthe ATIF/T sensor, use 192.168.99.20. For more information, see Section 7.2.

NOTE: After changing the IP settings in the KUKA smartPAD the robot controller requires a reboot.

4.3 Network Configuration in KUKA.WorkVisual

You must update the IP address in KUKA.WorkVisual if you are using the192.168.99.0/24 subnet or have
customized the MIRAI controller IP address to connect to an existing subnet.

Update the IP address in the following places:

e KUKA.RobotSensorinterface: refer to Section 4.3.1
e KUKA.Ethernet KRL: refer to Section 4.3.2

If you are using the 192.168.100.0/24 subnet, no changes are necessary in KUKA.WorkVisual. The MIRAI
KOP file sets the 192.168.100.0/24 subnet as the default setting.
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Update the IP address in KUKA.RobotSensor Interface

e Open WorkVisual and navigate to Config > User > Common > Sensorinterface.

e Update the XML file _ with the relevant IP address for the MIRAI controller.

#} WorkVisual Development Environment - Mirai_Kuka_r15.0.2wys*
File Edit View Editos Barss Window 7

System
5 User

o

ecatms_configxmi
ecalms_sys_Xd4_swapumi
ecatms_sys_Xd4_usr_configml
ecatms_sys_X43_conbig xmi

HNFINFO.SAF

-

4.3.2

< I—— >

| <ROCT> ~m

ZHO s o~

=] <CONFIG>
<IP_NUMBEH §4/IP_NUMBER> <!-- IP-number of the exte
<PORT>591! 2 <!-- Port-number of the exte
<SENTYPE>ImFree</SENTYPE> <!-- The name of your system sen
<ONLYSEND>FALSE</ONLYSEND> <!-- TRUE means the client don't|
- </CONFIG>
<!-- RSI Data: TYPE= "BOOL", "STRING", "LONG", "DOUBLE" -->
<!-- INDX= "INTERNAL" switch on internal read values. Needed by DEF_|
<! INDX= "nmb" Input/Output index of RSI-Cbject / Maximum of RSI C|
<! HOLDON="1", set this output index of RSI Object to the last wval
<! DEF_Delay count the late packages and send it back to server -
<!-- DEF _Tech: .T = advance .C = main run / .T1 advance set function
g <1--
Robot -> Micropsi

<Rob Type="KUKA">

<RIst X="0. ¥Y="0.0" z="0.0" A="0.0" B="0.0" I

<AIPos A1="0.0" A2="0.0" A3="0.0" A4="0.0" A 0.0" A6="0.0" />
<ToolData X="0.0" 0.0" 0.0"™ A="0.0" B="0.0" C="0.0"/>
<AxisPosReached>0</AxisPosReached>

<IPOC>957509</IPOC>

</Rob>

IPOC must be send back by Micropsi

Micropsi -> Robot

<Sen Type="ImFree">
<RCorr X="0.0000" ¥="0.0000" Z="0.0000" A="0.0000" B="0.0000" C="0.0000
<setpoint A1="0.0000" A2="0.0000" A3="0.0000" A4="0.0000" AS5="0.0000" A
<Robstop>0</Robstop>

<MOVeAXis>0</MoveRxis>

<IPOC>957509</IPOC>

“KUKAPROFINET MS' is incorrect Please
s Please .,

Controller B19077' -

») Mirai' is
< Update option Mo ko vession 1.04.
- lgnore this message while the current project i open

Update the IP address in KUKA.Ethernet KRL

e Open WorkVisual and navigate to Config > User > Common > EthernetKRL.

e Updatethe XML file ' Mirai_ Client.xml with the relevant IP address for the MIRAI

controller.

#* Workvisual Development Environment - Mirai_Kuka_r15.0.2wvs*

File Edt View Editors Extres Window 7

25 Hardware ). Geometry < Files
¥ Zelle: Documents view

>

E] <ETHERNETKRL> S
& <CONFIGURATION>

g <

/1P>

<TYPE>Server</TYPE>
- </EXTERNAL>
= <INTERNAL>
<ENVIRONMENT>Program</ENVIRONMENT>
<BUFFERING Mode="FIFO" Limit="512" />
<BUFFSIZE Limit="65534" />
<TIMEOUT Connect="1000" />
<ALIVE Set_Flag="999" Ping="10" />
<PROTOCOL>TCP</PROTOCOL>
<MESSAGES Display="disabled" Logging="disabled" />
~ </INTERNAL>
[~ </CONFIGURATION>
-] <RECEIVE>
=] <XML>
<ELEMENT Tag="MRSI/MessageType" Type="INT" />
<ELEMENT Tag="MRSI/SkillCount" Type="INT" />
<ELEMENT Tag="MRSI/BoxID" Type="INT" />
<ELEMENT Tag="MRSI/Result” Type="INT" />
<ELEMENT Tag="MRSI/Skills/@ID" Type="INT" />
<ELEMENT Tag="MRSI/Skills/@Name" Type="STRING" />
<ELEMENT Tag="MRSI/Message" Type="STRING" />
<ELEMENT Tag="MRSI/Values/@Speed” Type="REAL" />
<ELEMENT Tag="MRSI/Values/@Force" Type="REAL" />
<ELEMENT Tag="MRSI/Values/@DoneProbability" Type="REAL" />
<ELEMENT Tag="MRSI/Values/@AnomalyScore" Type="REAL" />
<ELEMENT Tag="MRSI/Values/@DistanceCM" Type="REAL" />
<ELEMENT Tag="MRSI/Values/@DistanceDEG" Type="REAL" />
<ELEMENT Tag="MRSI/Error" Type="STRING" />
Tag="MRSI" Set_Flag="989" />

- | Show output from: Message history -
MS'isincomect Please A
s incorrect Please v

>

English (United States)

‘8190741~

# Toolpane| Cells tree

Mirai_Client xmi

Copy

Config\User\Common|EthemetRL\Mtrai._
Mirai i or 0.

“» Update option ‘Mira? 10 version 1.0.4.
Action “» Ignore this message while the current project is open

L4 cs 057 SEL 16 Unicode |

Ao W@ ocns O
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4.4 Network Configuration in the MIRAI Training App

The MIRAI Training App includes a Network Configuration screen. This section guides you through setting up
the network for your camera system.

e USB 3.0 cameras: Refer to section 4.4.1.
e One GigE camera: Use Port 1 or custom settings (see section 4.4.2)
e Two GigE cameras: Use Ports 3 and 4 (see section 4.4.3)

For custom network settings, users can manually configure the ports as desired. Refer to section 4.4.4.

4.47 USB 3.0 Cameras

All components in the MIRAI network must be configured to the same subnet. USB 3.0 cameras are not in
the MIRAI network and do not require configuration.

To configure the other components in the MIRAI network, use the default settings or enter custom settings:

Menu X

Skill Overview
Metwork Configuration

Step 1. Enter the main menu (top left
corner) and go to Network Configuration.

Default settings

The app settings for Port 1 (X1P1) are
preconfigured to the 192.168.100.0/24 subnet, as
shown below left.

To use these settings, no changes are necessary
in the app. Ensure that the robot and force/torque
sensor are configured correctly on their respective
interfaces.

= MIRAI| Network Configuration

Network Settings Custom settings

Ensur ed in the same subnet. The IP address of the robot, sensor, and Gigk
camer »

i thedevices' v nerfac Step 2. To configure Port 1 (X1P1), enter the IP
address of the robot that you are using.
sl ntasaien The first three IP digit fields will be
Gonfiqure network manualy automatically updated for the MIRAI
— controller and the relevant force/torque
192.168.100.100 sensor. ASSign the remaining fields
accordingly.

MIRAI contraller [P

192.168.100. 5

Update the IP address in WorkVisual:

ATI sensor [P

e KUKA.RobotSensorinterface (Section

192.168.100. 20

OnRobot sensor IP m
102168100, 15 e KUKA.Ethernet KRL (Section 4.3.2)
Step 3. Tap Apply Settings.

An error message will appear for the
. sensor model you are not using.
e e TapOK
A message to confirm settings will appear.

GigE Camera

+ check the cal

e Tap Yes, apply.
18
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4.4.2 One Gigk Camera: Using Port 1 (X1P1)

Port 1 is preconfigured to the 192.168.100.0/24 subnet with the MIRAI controller assigned to the IP
address 192.168.100.5. If you plan to switch between using one and two GigE cameras, use the
192.168.99.0/24 subnet (see 4.4.3).

To configure the components in the MIRAI network, use the default settings or choose custom settings:

Menu X

Skill Overview

Step 1. Enter the main menu (top left
corner) and go to Network
Configuration.

Network Configuration

Default settings

The app settings for Port 1 (X1P1) are
preconfigured to the 192.168.100.0/24 subnet,
as shown below left.

To use these settings, go to Step 5. Ensure that
the robot and force/torque sensor are
configured correctly on their respective
interfaces.

= MIRAI | Network Configuration

Network Settings

Ensure
amel

ame subnet. The P address of the robot, sensor, and GigE
ices’ own interface:

Robot/sensor/controller configuration

I y Custom settings

192168.100.100 Step 2. To configure Port 1 (X1P1), enter the IP
[ address of the robot that you are using.

N The first three IP digit fields will be

automatically updated for the MIRAI

Ao controller and the relevant force/torque

192168100 20 sensor. Assign the remaining fields
accordingly.

192.168.100. 15

Step 3. Tap Apply Settings.

An error message will appear for the

sk e sensor model you are not using.

et 2 1 MR Conrin il b ik, 1 75 carnred appeat ittt e e TapOK.

 Check the P confguration of the camerats) A message to confirm settings will
appear.

o TapYes, apply.
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= MIRAI| Network Configuration

Network Settings
Ensure all devices are configured in the same subnet. The |P address of the robot, sensor, and GigE

camera(s) must be configured in the devices’ own interfaces

Robot/sensor/controller configuration

Configure netork manually Step b. Ensure that the GigE camera is
connected to the Gigabit Ethernet
switch using the correct port, and that
the IP address is configured to the
right subnet. The camera needs power
19216810020 to be visible in the network.

Robot IP

192.168.100.100

ATl sensor IP

OnRobot sensor IP

192,168.100.15
Apply settings

GigE Camera

Select the GigE camera(s) that will b
subnet as the MIRAI controller will be

ed on this application. Only cameras configured in the same
I no cameras appear In the list

« check the cable connection
« check the IP configuration of the camerals)

During skill execution cameras cannot be scanned

Cameras (2) -
Step 6. Go to the Cameras drop-down menu.
[J selectal
[ Baumer vCXG.2-15C.1 700011106225 I Step 7. Select the Configured camera from the
[J Baumer VCXG.2-15C. 700011106229 Cameras drOp—dOWn menu.

sras configured in the same
list:

Rescan cameras Save selection

Cameras (3} - I

[J selectal
Baumer VCXG.2-15C.| 700011106225

D Baumer VCXG.2-15C.1 700011106229

Step 8. Tap Save selection. The configured IP
address will appear next to the selected
camera.

sras configured in the same
list:

Rescan cameras Save selection

Cameras (3} - I
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4.4.3 Two GigE cameras: Using Preconfigured Ports 3 and 4

Ports 3 and 4 are link aggregated, functioning as a single logical link to provide increased bandwidth.
These ports are preconfigured to the 192.168.99.0/24 subnet, with the MIRAI controller assigned to IP
address 192.168.99.5. Note that you can also use a single camera on this network.

You must update the IP address in KUKA.WorkVisual in the following places:

e KUKA.RobotSensorinterface: refer to Section 4.3.1
e KUKA.Ethernet KRL: refer to Section 4.3.2

Then follow these steps to configure the network settings in the MIRAI Training App:

Menu x

Skill Overview

Step 1. Enter the main menu (top left
corner) and go to Network
Configuration.

NOTE: All devices in the MIRAI network must
be configured to the 192.168.99.0/24
subnet. Configure the robot,
force/torque sensor, and Gigk cameras
using their respective interfaces

= MIRAI| Network Configuration

Network Settings

Ensure all devices are cenfigured in the same subnet. The IP address of the robot, sensor, and GigF
camerals) must be cenfigured in the devices’ own interfaces

Robet/sensor/controller configuration

@ confauenetork mancaly Step 2. Set the toggle button to Configure
network manually and tap Continue.

Robat IP

192.168.99.100

ATI sensor 1P

192.168.100.20

OnRobol sensar IP

Step 3. Enter the IP address for the robot and
e for the force/torque sensor you are
using to train the skill using the

192.168.99.0/24 subnet

GigE Gamera
ot e T oo olos il b vl T e Syt i g e 1 th same Step 4. Tap Apply Settings.
e g e o) An error message will appear for the
sensor model you are not using.
e i e TapOK
A message to confirm settings will
appear.

e TapYes, apply.
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= MIRAI| Network Configuration

Network Settings Step 5. Ensure that the GigE cameras are
ubret. The IP address of he oot sensos ard ok connected to the Gigabit Ethernet

Ensure al devices are configured in the

camera(s) must be configured in the dev v interfaces: . .
switch using the correct ports, and that
Robot/sensor/cantroller configurtion the IP address is configured to the right
subnet. The cameras need power to be
@ Configure network manually o .
visible in the network.
Robot 1P

192.168.99.100
All sensor IP
192.168.100.20

OnRohat sensar [P

192.168.99.15

GigE Camera

Select the GigE camer:
subnet as the MIRA

thiat will be used en this application. Only cameras configured in 1he same
r will be visible. If no cameras appear in the list

ant

= check the cable connection
= check the [P corfiguration of the camera(s)

Step 6. Go to the Cameras drop-down menu.

Cameras (3) -

[J selectal

D Baumer VCXG.2-15C.1 700011106225

Step 7. Select the configured cameras from the
Cameras drop-down menu.

D Baumer VCXG.2-15C.1 700011106229

eras configured in the same
list:

’—‘chca“:ﬂmnms
Cameras (3) - |
Selectall

Baumer VCXG.2-15C.1 700011106229 @192.168.99.136

Baumer VCXG.2-15C.1 700011106225 @192.168.99.135

Step 8. Tap Save selection. The configured IP
addresses will appear next to the
selected cameras.

eras cenfigured in the same
list:

Rescan cameras Save selection

Cameras (5) -
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4.4.4  Manual Network Configuration

/\ CAUTION

Manual configuration requires Linux command-line skills and a solid understanding of networking
principles. Exercise caution, because incorrect configurations can cause network connectivity issues.
Users are fully responsible for any changes made to network settings using this method.

This method provides full control and customization of network settings beyond standard configurations.

Set the toggle to Configure network manually.

To configure the network setup, access the controller via SSH or a physical terminal, and then use Linux
command-line tools.

The username is netadmin. The password is printed on the controller. It is the same password used for the
Wi-Fi connection.

Log in to edit /etc/network/interfaces and configure each Ethernet interface.

The netadmin user has write access to /etc/network/interfaces and to the following sudo commands:

e sudo ip

e sudo ifup

e sudo ifdown

e sudo reboot

e sudo poweroff

e sudo systemctl restart micropsi-runtime

e gevipconfig

If you misconfigure the network of the MIRAI controller, you can restore the controller’s initial state using the
following command:
mirai-restore-network

/\ IMPORTANT:
The MIRAI controller requires a restart to apply network changes made by netadmin.
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4.4.5 Connecting to the Micropsi Cloud Using a Proxy Server

If IT security requires the use of a proxy server to connect the MIRAI controller to the Micropsi cloud, follow
these steps:

Menu x

Skill Overview

Step 1. Enter the main menu (top left
corner) and go to Network
Configuration.

Network Configuratior

Teols

Tag Management

Senvice Support

Backup and Restors

= MIRAI| Network Configuration

Robot/sensor/controller configuration
@ Configure network manually

Robot IP

19216899100 Step 2. Under Internet proxy settings,
select Manual proxy configuration.

ATl sensor IR

192.168.100.20

OnRebat senzar IP

192.168.99.15

Apply settings

GigE Camera
Select the Gige camera(s) that will oe used on tnis application. Only cameras configured in the same
subnet as the MIRAI controller will be visible. If no cameras appear in the list.

= check the cable connection
» check the IF carfiguration of the camera(s)

Carmeras (5) -

Internet proxy settings

@ Noproxy (O Manual proxy configuration

Step 3. Enter the address and the portin the
indicated format. Tap Apply settings

Internet proxy settings

QO Noproxy (@) Manual proxy cenfiguration

The proxy must allow connections to these sites:

HTTPS praxy (including port)
htps/Hyour.comB080 For training:

https://crunch.micropsi-industries.com (TCP Port 443)
https://crunch.micropsi.io (TCP Port 443)

For support

mirai-vpn.micropsi-industries.com (UDP Port 1194)

For software updates :
https://apt.tools.micropsi.io (TCP Port 443)
http://deb.debian.org (TCP Port 80)
http://security.debian.org (TCP Port 80)

Important If a proxy setting is not all 1P ions will be affected.
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5 Install MIRAI Software on the KUKA SmartPAD

A KOP file (KUKA Option Package file) is required to integrate and manage MIRAI capabilities on the KUKA
controller. KOP files. Two MIRAI KOP files available:

1. Mirai.kop: Contains configurations and data to activate MIRAI capabilities
2. MiraiConveyor.kop. Identical to Mirai.kop but includes additional conveyor functionality

You will receive the appropriate KOP file based on your need for conveyor functionality. Note that both KOP
files cannot be installed simultaneously on the KUKA controller.

IMPORTANT: The ConveyorTech Package must be installed before installing MiraiConveyor.kop.

5.1 Install the MIRAI KOP file
Step 1. Insert the USB drive in the KUKA smartPAD USB port.

Step 2. Tap @ Menu, in the top left corner of the smartPAD.
Step 3. Tap Start-up and then Additional software.

e & |¢ Glm o

@ 4:32:19 PM 3/19/2024 C3FIL 17
occurred: K:\

Start-up wizard

‘Supplementary load data

Tool/base management

Calibrate

Master

Service

Robot data

Network configuration

Additional software

Rights management

Start-up > Additional software

Display > Inputs/outputs > Digital outputs

Display > Actual position

Configuration > Miscellaneous > Date and time
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Step 4. Tap New software, on the bottom bar.

8190741 el »> 100 12
(Y e ] R

I @ 4:29:48 PM 3/19/2024 LOS 120
1‘ : The logged-on user switched from Operator to Expert.

InstaliTech - Installed additional software

DiagnosisSafety v3.2.3 Installed

DiagnasisServiceEtherC V1.0.4 Installed (mandatory system software)

EthernetkKRL V3.24 Installed

KUKA ActivationManage
| mentTool V1.0.1 Installed (mandatory system software)
KUKA.BoardPackage v3.6.3 Installed (mandatory system software)

KUKA.DeviceConnector

pre-installed V2110 Installed

KUKA.Platform v3.9.0 Installed (mandatory system software)

KUKA.PROFINET MS V6.0.6 Installed
KUKA.SoftwarePackage
| SmartPAD-2

KUKA.UpdatePackageFir
| mware

V1.1.2 Installed (mandatory system software)
V121 Installed (mandatory system software)

KUKA.UpdateService V1.1.20 Installed (mandatory system software)

| KUKA.UpdateServiceCo

| nfiguration V1.0.13 Installed (mandatory system software)

RobotSensorinterface  V5.0.4 Installed

Step 5. Tap Configure. Select the installation path and tap Save on the bottom bar.

Step 6. Navigate to your USB drive and select the MIRAI KOP file:
e Mirai.kop if you do not need the conveyor function.

e MiraiConveyor.kop if you need the conveyor function

Step 7. Tap Install, in the bottom-right corner of the smartPAD.

e 4:44:07 PM 12/19/2024 LOS 120
The logged-on user switched from Operator to Administrator.

D:\KUKA_OPT\GripperSpotTech.kop

E Mirai D:KUKA_OPT\Mirai.kop

E Mirai_conveyor D:\KUKA_OPT\Mirai_conveyor.kop

PS5_Config_KDC_ .
ﬁ AUOEX D:\KUKA_QPT\P55_Config_KDC_AutoEx.kop

T T T
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5.2 Check communication status

Once the MIRAI KOP file has been successfully executed on the KUKA smartPAD the communication
status between MIRAI and the robot can be verified by making sure the MIRAI folder exists with the
relevant programs: R1 > TP > MIRAL.

U @ 4:44:07 PM 12/19/2024 LOS 120
S| The logged-on user switched from Operator to Administrator.

~

1 Objeci(s) selected [1158 Bytes

HHHHHHH

5.3 Operating mode for MIRAI training: T1

When training skills using the MIRAI Training App, the use of T1 mode is strongly recommended to ensure
user safety during hand-guiding.

To change the operating mode, use the mode selector switch on the KUKA smartPAD, shown below. For
older models, turn the black knob at the top of the teach pendant to the right to access the operation mode
menu. For more detailed information, refer to the KUKA operator’'s manual for your robot model.

]
0 | | nl > 100 35 T?
T1 o0
6 JR/TESTMIRAISKILL - = 1| A |4

(I @ 3:39:58 PM 2/5/2024 LOS 120 e

d The logged-on user switched from Expert to Operator.
=

-|__Navigator

PCRC-71AXHSBGSM (KRC:\)
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6 Using MIRAI skills with KUKA programs

6.1 Use the MIRAI Training App with the KUKA smartPAD

Certain features available in the MIRAI Training App will require you to press both the enabling switch
and the start key. These features include:

e (Creating a new MIRAI skill

e Recording episodes

e Testing and executing a skill

e Certain skill-specific features such as "Reset reference position” and “Camera realignment.”

To use the MIRAI Training App, follow the steps:

Step 1. Navigate to the MiraiExamples folder and tap the MiraiAppControl.src program.

L} - > 100 17
(2) o)+ | PR
a @ 11:59:10 AM 2/5/2024 SmartHMI 1101 -
LB g Cpiag has been executed successfully.
n
L
.
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=
e

& mom
@ WpickDemo.
3 wisoemo

<
510 Byres T

:“ D 1 et @Mh\ﬂm}(arﬁml dat A4

| -

L= [ B P AS

) twaning

|5 e - w

RSN [ T -
'j Systom v "%Ml’mm Es v ’

< >

910 Byres T

The MiraiAppControl program will be displayed on the smartPAD. The status keys should show the
following colors:

e S (Submit Interpreter): Green
e |1/0 (Drives Power): Gray
e R (Robot Interpreter): Yellow
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Step 3. Press both the enabling switch and the start key (green button on the KUKA smartPAD). The status
keys will now show the following colors:

e S (Submit Interpreter): Green
e 1/0 (Drives Power): Green
e R (Robot Interpreter): Red

NOTE: When you start the program, you will need to achieve Block Coincidence (BCO). BCO ensures that the
robot’s current position matches the coordinates of the initial position in the robot program.

Step 4. While pressing the enabling switch, release the start key (green button on the KUKA smartPAD)
and then press it again to confirm that the current robot position matches the initial position in the
robot program. The status keys will now all be green:

e S (Submit Interpreter): Green
e 1/0 (Drives Power): Green
e R (Robot Interpreter): Green

Step 5. You can now proceed to use the MIRAI training App, while keeping both the enabling switch and the
start key pressed.

NOTE: Program looping on teach pendant

After all status keys are green, the program on the teach pendant will continue to loop. Looping will
stop when MIRAI sends a control signal to the robot via the MIRAI Training App. Control signals are sent
from the Skill overview and Skill details screens as follows:
Skill overview screen:
e (o to Create new Skill > Step 1 [skill type]. Tap Next. The looping will stop when the next screen
is displayed, Step 2 [Skill Configuration].
Skill details screen:
e |ooping will stop when you access the following screens:
o Goto Record episodes or Test & Configure.
o Expand the three-dot menu and go to Camera Setting or Set reference position.

NOTE: Changing training position without a force/torque sensor

If you change the robot position during training without a force/torque sensor using the KUKA
SmartPad, you need to reset the KUKA program (MiraiAppControl). Ensure the S, 1/0, and R indicators
are all green, then tap Try again in the MIRAI Training App.

Error Message: Stand still: current position and start position STAND_STILL not identical.

Cause: This message appears if you accidentally release the enabling switch and/or start key.

Solution: 1. Reset the Program by press the R button.
2. Repeat Steps 3 and 4.
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6.2 Mass and Center of Gravity Measurement in the MIRAI Training App

On the KUKA smartPAD, open or create the program you would like to add your MIRAI skill to.

Step 1. Run MiraiAppControl on KUKA smartPAD, with the enabling switch and start key pressed. The
status keys will now all be green:

e S (Submit Interpreter): Green
e 1/0 (Drives Power): Green
e Robot Interpreter): Green

Step 2. In the MIRAI Training App, create a new tool to reach the Measurement process — Pose 1/6 screen.

screen. For details, refer to Section 3.2.1 Tool Configuration in the MIRAI Training User Manual.

Instructions Pose 1

Important: Please make sure 1o use the interal UR freedrive.

Noti: Pl alwys ke n minc 15 s the robot by the robot arm (abire the sensar) avd vt 16 gripthe
100 when doing the pose changes

Step 3. Release both the enabling switch and the start key. Do not cancel or reset MiraiAppControl until the

CoG measurement process is complete.

Step 4. Press and hold only the enabling switch. The status keys will now show the following colors:

e S (Submit Interpreter): Green
e 1/0 (Drives Power): Green
e R (Robot Interpreter): Red

Step 5. Jog the robot to the position shown in the app for Pose 1/6.

Step 6. In the MIRAI Training App, tap Measure.

Step 7. Repeat steps b and 6 until you get all the measurements.
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On the KUKA smartPAD, open or create the program you would like to add your MIRAI skill to. A template -
TestMiraiSkill -is provided on the USB drive.

Follow these steps to open the MIRAI template:

1.
2.

Copy and paste two lines in the MIRAI template into your main program:

1.
2.

In the directory structure, select the MiraiExample folder.

In the contents of the folder, selectthe TestMiraiSkill.src file.

Tap the Edit softkey and select Open from the menu.

0 ] » 100 I
O - B

® 3:20:58 PM 2/5/2024 LOS 120
S The loggad.on usar switched from Expert to Operator.
* " Mavigator

PCRC71AXHSBGSM (KRC:)

- D R1
L g

SkillID = defines the skill to be executed using a 5-digit number in the MIRAI Training App.

Smartpad control () isthe function that allows MIRAI to execute the skill.

w | “ﬂ > 1|:HJ 5 T2
4 [+ 4]
6 [R1/TESTMIRAISKILL n # oz MM

a
a

0| @ 12:49:29 PM 12/19/2024 LOS 120

L The logged-on user switched from Operator to Expert.
16

o |_Editor

1 DECL INT result

2

3I=fNI

4

5

6 LOOP

7 3 ATTENTION: Please assign the correct out port for the
b ring light to turn it off

& OUT 6 "' State=True

9

10 ; ATTENTION: This goes to a preset point. Please store a
b HOME position based on your setup

11 SPTP HOME Uel=188 % DEFAULT

12

13

14 ; set the HMirai skill ID (a 5-digit number, find it on

0 ad ute irai
15  SkillID = 30788

AR

I18 Smartpad_control() I

20 ;SKillID = 66424

22 ;:;3martpad_control()
23 ;get why skill ended and get its result
result=Mirai_GetResult()

5 ATTENTION: Please assign the correct out port for the
b ring light to turn it off
27 O0UT 6 '' State=False
28
29 msgNotify("$kill execution ended with end-state ID: %1",
b Lresult)

ENDLOOP

BP 3 [KRC: \Rl\PRDGRAM\MRAIEXAMPLES\TESTMD—ZI—Ln 3, Col 0

e e O i e L]
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The Skill ID for a MIRAI Skill is displayed in the MIRAI Training App in the following places:

o On the skill card, in the main Skill Overview section of the app.

o Inthe Skill Information section for each skKill.

€ test = MIRAI| Skill Overview far'y
Details Episodes  Skill versions
Local skills All skills Add new skill +
Skill Information .
Last updated: 31.01.2024- 17:47
General:
Cloud key: skill 1p: test
439_9_20240131164556 34880
Skl ype: Robot: Mested 100004 1545 “ '
Positioning skill KUKA KR C4/C5 mdepdn ol st
Reference image Camera 1 Axis translations: Axis rotations:
Translations (X. ¥, 2) None
Camera: 439 kuka position RA
Single camera oo £
Gain: Exposure:
1 5000
439 kuka tcp 30 degrees
ades to oover &l the reevan: Record episodes
ok
Start cloud training 439 kuka tcp displacement rot
N .
wteponces Lol spaoie
Test and configure the trained skill
i s finished you can test the skil Test & configure [ 439 kuka pos 6DoF RA
Meditad 5100034 1 ) Skl e 01

6.4 Adding a MIRAI Conveyor Skill to a KUKA Program

KUKA robots can execute MIRAI skills on conveyors. The robot’s actions are adjusted to follow the
movement of the conveyor, allowing MIRAI to perform tasks while the conveyor is running. This section
explains how to execute MIRAI skills during conveyor tracking.

6.4.1 User Requirements

MIRAI conveyor capabilities are integrated on KUKA controllers using the KUKA.ConveyorTech package.
Users are responsible for using this package and configuring the conveyor.

IMPORTANT: Install the KUKA.ConveyorTech package before installing MiraiConveyor.kop. Failure to do
so will throw multiple errors and the program will not run.

User Responsibilities
o KUKA.ConveyorTech package:

o Users must have full command over the KUKA.ConveyorTech package. This includes
configuring all settings as well as implementing synchronized and asynchronized robot
motions on the conveyor.

e (Conveyor Base Configuration:

o Users are responsible for configuring the conveyor base, conveyor operation area, and all
necessary integration components.

o Users define their own conveyor motions, including speed and direction.

Requirements:

e 7th axis connection: The conveyor must be connected as a 7th axis.
e  Speed limitation of the conveyor: 200 mm/second.
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6.4.2 Training MIRAI Skills for Conveyor Tracking

In general, you can train skills to be executed on the conveyor just like any other skills. There are two
particularities:

1. Position-based end states cannot be used in conveyor mode because the robot operates in the
conveyor frame, while the coordinates are saved in the robot base frame, leading to a mismatch.

2. The conveyor must be stationary during skill training. It is important to train the skills in the same
environment that will be present during skill execution. This includes factors such as the
appearance of the conveyor belt, lighting conditions, and other relevant elements.

For detailed instructions on training MIRAI skills, refer to the User Manual for MIRAI Training.

IMPORTANT: To ensure user safety, MIRAI skills must be trained in T1 mode, even if training is possible in
other modes.

6.4.3 MIRAI Program to Execute Skills during Conveyor Tracking

A sample conveyor tracking program, Mirai conv.src ,is provided onthe USB drive with
instructions written in the comments. You can use this program as a template or copy and paste the
required sections of this program into your own program on the KUKA smartPAD. This section explains
which parts you need to add to your program.

Open the MIRAI template:
1. Inthedirectory structure, select the MiraiExample folder.
2. Inthe contents of the folder, selectthe Mirai conv.src file.

3. Tap the Edit softkey and select Open from the menu.
Create a CONV_MOQV group to execute the skill:

1. Set conveyor synchronization points: For details, refer to the KUKA.ConveyorTech documentation.

e Set the conveyor distance from the optical trigger to the point where the robot will start
tracking the workpiece.

e Set the home point: Move the robot to the position where it will start its task, for example,
above the workpiece where control will be handed over to MIRAI.

e Set the return point: Move the robot to the position it will return to after completing its task
and decoupling from tracking the conveyor.

2. Identify the skill to be executed and call the function to execute the skill:
° SkillID = Enter the 5-digit number of the skill listed in the MIRAI Training App.
° Mirai Conveyor () This function executes the MIRAI skill.

3. End synchronization with the conveyor and switch off RSI:
(] SBASE=BASE C
LIN REL {X 0 }
Mirai MoveRobot RSI Off ()
e These commands stop the robot from following the movement of the conveyor after skill
execution.
e IMPORTANT: You must use this method to end conveyor synchronization. Alternatives will not
work.
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This excerpt of the sample conveyor tracking program, Mirai conv.src , shows the sections of the
program described above.

@ 3:33:36 PM 12/19/2024 LOS 120
= The logged-on user switched from Operator to Administrator.

COHVEYOR 1 MOUEMENT GROUP 1

SHERRHE R R R RS R
68 ;EXAMPLE DF SYNCH MOVEMENT
SHERRBEEEEESE S EE R R R

LIN P23 Uel=8.2 mfs CPDAT19 Tool[5]:onrobot
Base[6] :FlangeBase{LinConveyor1}

SHERHBREEEEHE SRR R SRR R
66 ;EXAMPLE OF SYNCH MOVEMENT EHD
SHERHBEREEEHE SRR E R R

;Add skill ID for execution from MHIRAI App
7a SkilllD = 72111|
Hirai_Conveyor()

;get why skill ended and get its result
result=Hirai_GetResult()

msgHotify("Skill execution ended with end-state ID:
21", ,result)

SHERRBEEEEEHE SRR R T R
79 ; ADD USER SYNCHRONIZED HMOUEMENTS
SHERHHEREREHE SRR E R R R

;DETTACH FROM CONVEYDR
84 | $BASE=$BASE_C

85 | LIN_REL {X 8}

86 | ;SWITCH OFF R3I
Mirai_HoveRobot_RSI_OFf ()}

S RERRHE R R R R R R R R
91 ; USER INPUT - EXAMPLE POINT AFTER DETTREHMENT

[KRC:\R1\PROGRAM\MIRAIEXAMPLES\MIRAI_CdLn 70, Col 16

D emum e e

6.4.4 Executing Multiple MIRAI Skills during Conveyor Tracking

Multiple skills can be run on specific setups. To execute consecutive skills, your program will need to
detach from the conveyor to switch off RSl and then reattach to the conveyor to execute the second skill.
The sample program, Mirai conv.src , provides one suggested method for reattachment:

e Connect an output signal (OUT) to the FAST MEASUREMENT system to simulate the
synchronization switch.

e Useasecond CONV_MOV group to execute a second skill: ' CONV_MOV (1,2)

Refer to the sample program for instructions.
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6.5 Returning Values of MIRAI Functions

The return values of the MIRAI functions called during skill execution can be read using the
Mirai GetResult () function. This will indicate which end state caused the skill to stop.

Refer to the User Manual for MIRAI Training for details on selecting and configuring end states.

<

0
9 /R1TESTMIRAISKILL

I @ 32:39:58 PM 2/5/2024 LOS 120
B o The logged-on user switched from Expert to Operator.
n 2
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@ MiraiAppControl
B SiegenPrograms
g
~ £ g
@ MPickDemo
@ Voraus
@ PalletizeWithMirai
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@ Robert_test

> <

@ Mirai
@ Mirai_Examples

(7 MiaExamples
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[3879 Bytes
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Lo o (o) | o]

o: SEnn: -
JR1/TESTMIRAISKILL 1

I @ 12:49:29 PM 12/19/2024 LOS 120
LI 11,¢ 1og0ed-on user switched from Operator to Expert.
16/

==

1 DECL INT result

2 >
3=(NL

n

5
6 LOOP
7

SPTP HOME Uel=188 % DEFAULT

SkilllD = 38788

Smartpad_control()

result=HMirai_GetResult({)}

b

29 msgHotify("Skill execution ended with end-state ID: %1",
b ,result)

kL

31 ENDLOOP

32

KRC:\R1\PROGRAM\MIRAIEXAMPLES\TESTMIR]Ln 3, Col 0

S = e

The returned value will give information on the result of the skill execution as follows:

0 — No result to report. Skill not started or still running

1 - Skill execution ended by speed-based endstate

2 — Skill execution ended by force-based endstate

3 — Skill execution ended by visual endstate

4 — Skill execution ended by timeout

5 — Skill execution ended by position

6 — Skill execution ended by anomaly-based end state

7 — Skill execution ended by proximity-based end state

-1 —an exception occurred during skill execution.
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6.6 Troubleshooting

Communication issues:
o Recheck the network configuration in the MIRAI Training App and the KUKA smartPAD.
Program execution issues:

o If you experience issues with the execution of your program and/or when starting the
execution of a new program, we recommend resetting the programs on the KUKA
smartPAD.

Skill execution issues:
o Refer to “Enabling remote monitoring” in the MIRAI User Guide for the Training App.

7 Appendix

7.1 Configuring the OnRobot Compute Box

NOTE: The IP addresses given here are for our default configuration for USB cameras or one GigE camera.
If you are using two GigE cameras or a manual network configuration, enter the appropriate IP address.

1.

2
3.
4

W N oo

10.
11.
12.
13.

Set the DIP Switch 3 to ON to enable static IP.

Power on the compute box, and wait 30 seconds.

Set your PC's Ethernet network to use DHCP.

Connect the Compute Box to your PC via Ethernet. You PC should automatically receive an IP
address from the Compute Box in the subnet 192.168.1.0/24.

Open your web browser and type: http://192.168.1.1.

The administration page will open. Select “Compute Box.”

Go to the configuration tab.

Set the DIP Switch 3 to OFF to disable static IP.
Verify that you see the following image:

1.-

2.-

3. Compute Box IP setting is configured below.

4. DHCP server enabled: Compute Box tries to assign IP to the robot.

Set the Network Mode to “Static IP.”
Enter the IP address 192.168.100.15 (or one that matches your network configuration).
Select Save.

Restart the Compute Box by turning it off and on again.

Steps to verify successful configuration;

1.

Configure your PC's network adapter to a static IP, such as 192.168.100.155, with a Subnet Mask
of 255.255.255.0.

Disconnect and then reconnect the Ethernet connection to the Compute Box.

Open a web browser and enter: http://192.168.100.15 (or the IP address for your subnet)

You should see the sensor’s configuration page if everything is set up correctly.
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7.2 Configuring the ATl Sensors

1.

Connect the Ethernet cable from the force/torque sensor or Net F/T Box to your computer’s

ethernet port.

2. Power on the sensor and wait 30 seconds.
3. Open your web browser and navigate to: http://192.168.1.1 to access the ATI Net F/T homepage.
4. Set the IP address to a static IP, such as 192.168.100.20. If you are on a different subnet, enter the
appropriate IP address instead.
5. Apply the settings and reboot the sensor.
IMPORTANT

The ATI force/torque sensors are temperature sensitive, especially the Axia80 series. To reduce
output drift, warm up the sensor for one hour before use.

7.3

Shut Down the MIRAI controller remotely

For MIRAI controllers with power buttons, use the button to shut down the controller before disconnecting
power to ensure the integrity and longevity of the controller. If there is no power button, or if the power
button is not accessible due to hardware integration, you can shut down the controller over Ethernet, such
as from a PLC.

To shut down the MIRAI controller, use a remote procedure call (RPC) protocol encoded in XML using a cURL
-X POST command. An example command for a MIRAI controller with IP address 192.168.100.5 and
controller number 6543 would be:

curl -X POST http:// 192.168.100.5:6543/skills/xmlrpc -d '<?xml version="1.0"?>
<methodCall><methodName>shutdown mirai</methodName><params></params>
</methodCall>' -H 'Content-Type:text/xml'

8 Android Tablets Supporting MIRAI Training
Application

To run the MIRAI Training App on Android tablets/mobile devices, follow these recommended
minimum configurations:

Android 8.1 (Oreo) or higher: The app may run on older Android versions, but they are not
fully tested.

Processor: Quad-core (ARM Cortex-Ab3 or higher), 1.6GHz. Less powerful processors may result
in slower app performance and user interface response.

Memory: 3GB or more recommended.

Screen size: 10" recommended; 8" supported but not extensively used.

Screen resolution: HD (1200 x 800) minimum; FHD (1920 x 1080) recommended.
Wi-Fi: 802.11b/g/n minimum; 802.11a/ac recommended.

If purchasing a new tablet for the MIRAI Training App, consider the following models, which have
been extensively tested and used in projects. However, any tablet meeting the above requirements
should run the app effectively.

Lenovo Yoga Tab 3 Plus (10.1" display, 3GB RAM, 32GB eMMC, Wi-Fi, Android 6.0+)
Lenovo Tab4 10 Plus (10.1" display, 3GB RAM, 16GB eMMC, Wi-Fi, Android 7.0+)
Lenovo Tab M10 (10.3" display, 4GB RAM, 64GB eMMC, Wi-Fi, Android 9.0+)
Samsung Galaxy Tab S2 (9.7" display, 3GB RAM, 32GB eMMC, Wi-Fi, Android 6.0+)

Samsung Galaxy Tab A 10.1 (10.1" display, 2GB RAM, 32GB eMMC, Wi-Fi, Android 7.0+)
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9 Certificates and Declarations — MIRAI Controller

9.1 Declaration of Conformity

C€

EG Konformitatserklarung
Declaration of Conformity

spo-comm GmibH
Beethovenstrale 22
D-91207 Lauf a.d. Pegnitz
Germany

erklart, dass das Produkt
— deciores that the product

spo-comm Mini-PC spo-book QUADRO P1000
spa-comm Min-FC spa-book QUADRO PT000

mit den Vorschriften folgender Europaischer Richtlinien dbereinstimmt:
complies with the requirements of the European Directives:

2014/30/EU Elektromagnetische Vertraglichkeit (EMV)
2004/108/EG electromagnenic compatibiline
2011/65/EU Beschrankung der Yerwendung bestimmter
2011/85EU gefahrlicher Stoffe in Elektro- und
Elektronikgeraten (RoH5)
RoHs

Zutreffende Normen J// Applicable Standards

ENG&0950- EN50663
1:2006+A11:2009+A1:2010+A12:2011+A2:2013 | EN301 4891 V2.2.0
EN301 489-3V2.1.1
EN301 48917 V3.2.0
EN 300 328V2.1.1
EN 300 328V2.1.1
EN 300 440V2.2.1

Diese Erklarung bescheinigt die Ubereinstimmung mit den genannten Richtlinien, beinhaltet

Jjedoch keine Zusicherung von Eigenschaften im rechtlichen Sinne.
This decloration certifles conformance with the obove mentioned Directives. Affirmation of ortributes in o legol sense is not

incuded.

rd ér/

/ ’
Michae| Sparrer, hafisfuhrer spo-comm GmbH
Michagl Sporres, CEO spo-comm GmibH
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C

Konformitatserklarung
Declaration of Conformity

— Die

spo-comm GmbH
Beethovenstrafie 22
D-91207 Lauf a.d. Pegnitz
Germany

erklart, dass das Produkt
declares that the product

spo-comm Mini-PC spo-book QUADRO P1000
spo~cormm Min-PC spo-book QUADRO P1000

mit den Vorschriften folgender Richtlinien Gbereinstimmt:
complies with the requirements of the following specifications:

FCC Rules and Regulation under 47 CFR Part 15 Subpart B and ANSI C63.4
(2014)

FCC Part 15.107
FCC Part 15.109

Diese Erklarung bescheinigt die Ubereinstimmung mit den genannten Richtlinien, beinhaltet jedoch

keine Zusicherung von Eigenschaften im rechtiichen Sinne.
This declaration cermifies conformance wih the above mentioned Directves. AMrmanon of attinbutes in a legal sense s nat

inciuded
Michael 5 r, sehaftsfuhrer spo-comm GmbH
Michael Spbrrer, GEO spo-comm GmbH
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9.2 Declaration of Incorporation — Micropsi Industries

MICROPSI INDUSTRIES

EU Declaration of Incorporation (in accordance with Machinery Directive 2006/42/EC Annex /I, part B)

Manufacturer: Person Authorized to Compile the Technical File:
micropsi industries GmbH Naaimah Saghir
Mockernstrasse 120, VP Product

10963 Berlin, GERMANY micropsi industries
Description and Identification of the Partly Completed Machine(s)

Product and Function: | Vision-based motion control system for industrial robot systems that enables
such robot systems to solve automation problems with high variance in
position, shape, or background and lighting conditions. The final function is
determined by the completed machine (i.e., robot system, robot cell or robot
application with intended use).

Model: | MIRAI

Software version 14.0.0 onwards

Incorporation: | The MIRAI vision-based motion control system shall only be put into operation
upon being integrated into a final completed machine, which conforms with
the provisions of the Machinery Directive and other applicable directives.

It is declared that the above product, for what is supplied, fulfils the directives as detailed below:
When this partly completed machinery is integrated and becomes a final machinery, the integrator is
responsible for determining that the final machinery fulfils all applicable Directives and providing the
Declaration of Conformity.

() Machinery Directive The following essential health and safety requirements were fulfilled:
2006/42/EC Annex IV, clause 1.1.2,1.1.3,1.1.5,1.2.2,1.2.3,1.5.1,1.5.2,1.7.1, 1.7.2,
1.7.4

It is declared that the relevant technical documentation was compiled in

accordance with Annex VII, Part B

The following Harmonized Standard were used (where applicable):

EN 60204-1:2019

(I) Low-Voltage Directive The following Harmonized Standard were used (where applicable):
2014/35/EU EN IEC 60320-1:2023

The following standards were used:

Article 3.1a): EN60950-1:2006+A11:2009+A1:2010

+A12:2011+A2:2013; EN 50663: 2017

Article 3.1b): Draft EN 301 489-1V2.2.0; final draft EN 301 489-3V2.1.1;

Draft EN 301 489-17 V3.2.0

Article 3.2): EN 300 328 V2.1.1; ETSI EN 301 893 V2.1.1; ETSI EN 300 440

V2.2.1

All applicable directives and harmonized standards have been followed

by the component suppliers and can be provided upon request.

Reference to Other Technical Standards and Specifications Used:

EN ISO 10218-2:2011,ISO/TS 15066:2016
The manufacturer, or his authorized representative, shall transmit relevant information about the partly
completed machinery in response to a reasoned request by the national authorities.

(Ill) Radio Equipment Directive
2014/53/EU

(IV) Other directives

Berlin, Germany, 15 February 2024

M\g Ronnie Vuine, Chief Product Officer
https://www.micropsi-industries.com/
micropsi industries GmbH Mockernstrasse 120, 10963 Berlin, Germany +49 30 555 71 929
Micropsi Industries USA, Inc, 300 Brannan St. Suite #101, San Francisco, CA 94107, USA +1 718 440 7353
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