MEP-P]

User Guide v1.0.1

&

MINT ROBOT

Page 1/32



Table of Contents

Copyright & Trademark NOTICE...........ccoiiiiiecee e 4
ADOUL ThIS QUILE...... e e aree e 5
1. INtroduction 10 MEP-Pl........coooviiiiieice e 6
1.7 BASIC CONCEPT. ...ttt e e et e e e e ettt e e e e e eaasaaastassesseeseennees 6
1.2 APPEAIANCE. ... .uuuueieeititiitte e e e e e e nnaaan 7
1.3 POWET SYSTEIM....eiiiiiiiiie ettt e e et e e e e et e e e e e e s st eee e eeeeeeeeees 8
T.3.T MAIN POWET ...ttt ettt et et e e s e eneeenteenseennaeeennseeeanneeeenes 8
1.3.2 POWer SYSteM SChEMA.......ccviiieiice e 8

1.4 Communication INTErfaCES.........ccciiiiii e 10
TA.T EEREICAT ...ttt ettt e e e et e e e et e e e e enaeeas 10
T.4.2 CAN RS8Ottt e e e e e e e e e e e e e e e e e e aeaes 11
1.4.3 DIGital IN/OUL......o et e s et e e eeesaeeaneeas 12
T4 A EINEINET. ... oot 13

2. First connection 10 MEP-Pi..........ccooiiiiiiiiie e 15
28 B D T =T oo o g T To3 4T ] o PSPPSR 15
2.2 ReMOtE CONNECTION. ....cuiiiiiie ettt ettt et ee e s te e e e s st e e e e e ennneeaeeennes 17
2.3 FIle tranSMISSION......cciiiiii ettt e e et e e e e e e arae e e e e e e e e nnnnnes 17
3. Development environment SETUP.......c.coeiiiiiiiiii e 19
3.1, INSTAll SOFIWANE.....cc.eveiiceeee e 19
3.2 SOftWare detailS.........oocuviiiiiecee e 20
3.3 Getting started WIth IDE............c..oooiiiiieeeee e, 20
3.4 Hello world eXample.........oo oo 21
3.4.1 MaKe @ ClONE PrOJECT......eeiueiietie ettt ettt ettt e et e e e e enbaeaeeas 21
3.4.2 Add NEW SOUICE fIl€.......ooiiiiicee e 23

K e 31 = 101 o o (oY [=To3 SO SO PSTSPRRSPOPRR 24
4.4 RUN WIth MEP-Pl.....ooiieeeee e 26

Page 2/32



O N T (oY A= £SO 28

4.1 Basic concept of real-time based motion control..............ccooiiiiiiiiiieee, 28
4.2 Step by StEP @XAMIPIES......coeieieeee e 28
I R0 B 0T T USSR 30
1.3.2 PeriodiC thread........ ..o 30
1.3.3 Real-time periodic CONtroller.............ooouiiiiie e 30
1.3.4 Single JOINT traJ@CTONY .. .. oo 30
1.3.5 MUlti JOINT traJ@CTONY ... .o 30
1.3.6 ENA-POS traJECTOIY.....oiiiiiiiee ettt ettt e e et e e eaee e 30
1.3.7 6-DOF inverse KINEBMATICS..........ccouiiiiiiieiiecie ettt 31
1.3.8 Digital IO COMMUNICATION.........oeiiiiiiie et 31
1.3.9 CAN COMMUNICATION. ...ttt e et e e e e e e e e e anneeeanes 31
1.3.10 RS485 COMMUNICATION. ....c.uiiiiiiiiieie ettt ee et areeeneeenee e 31
1.3.171 EtherCAT COE cOMMUNICATION.........iiiiiiieiie et 31
1.3.12 Communication With MTP ... e 31
1.3.13 Communication with ROS gazebo simulator..............ccccooooiiiiiicieceec e 32
1.3.14 SWItCh State LEDS... ..ot 32

Page 3/32



Copyright & Trademark Notice

© 2018 MINTROBOT Co., Ltd. All rights reserved.

MEP-Pi with the related logos as well as documents including pictures are copyrighted ©
2018~2022 MINTROBOT Co., Ltd.

This document is provided “"As-is". Information in this document, including URL and other

internet website references, may change with output notice.
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About this guide

This guide is designed to get you up and running with the basic concept and key features of
your new MEP-Pi. This guide contains the basic information of the product with the several
important precautions. You can study about the basic tutorial in order to implement your

own motion control application.

If you have any questions while using MEP-Pi, please contact us by using following email :

support@mintrobot.co.kr
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1. Introduction to MEP-Pi

1.1 Basic concept

Real-time capable motion control platform by using Raspberry Pi

Stable Reliable Low-cost

Communication with motors and sensors Integration with PLC and PC

<Figure 1> Concept of MEP-Pi

MEP-Pi is a low-cost motion control platform by using Raspberry Pi. It designed to
substitute existing expensive motion controllers with more cost-effective solution. It is
stable because it is based on Raspbian operating system which is already verified by many
users. It is real-time capable to implement reliable discrete feedback control system. User
can communicate with motors and sensors by using fieldbus communication such as
EtherCAT, CAN, and RS485. Also, users can communicate with higher control system such as
PLC and PC.
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1.2 Appearance

: 4). Digital-Out indicator LEDs
1). Digital-In connector

2). Digital-Out connector
3). Digital-In indicator LEDs 5). CAN terminating resistor jumper

6). CAN BUS connector (terminal)
7). CAN BUS connector (modular jack)

8). RS485 terminating resistor jumper

9). RS485 BUS connector (terminal)
10). RS485 BUS connector (modular jack)

11). State LEDs

<Figure 2> Top view of MEP-Pi

1). Digital-In connector 24V DC digital input signal connector

2). Digital-Out connector 24V DC digital output signal connector

3). Digital-In indicator LEDs LEDs of each port of digital input signals

4). Digital-Out indicator LEDs LEDs of each port of digital output signals

5). CAN terminating resistor jumper Jumper to activate terminating resisteor for CAN interface
6). CAN BUS connector (terminal) Terminal connector of CAN interface

7). CAN BUS connector (modular jack) Modular jack connector of CAN interface

8). RS485 BUS terminating resistor jumper |Jumper to activate terminating resistor for RS485 interface

9). RS485 BUS connector (terminal) Terminal connector of RS485 interface

10). RS485 BUS connector (modular jack) | Modular jack connector of RS485 interface

11). State LEDs LEDs to indicate operating state

12). EtherCAT connector

13). Ethernet connector 14). USB connector 15). 24VDC Power connector

16). Power indicator LEDs

<Figure 3> Left and right view of MEP-Pi

12). EtherCAT connector RJ45 connector for EtherCAT interface
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13). Ethernet connector RJ45 connector for Ethernet interface

14). USB connectors 2 x USB2.0 connectors for keyboard, mouth, and etc.
15). 24V DC Power connector (Terminal) Main power connector

16). Power indicator LEDs LEDs to indicate the status of power source

1.3 Power system

1.3.1 Main Power

LED Meaning
Green  Applied power is correct

Red Applied power is inverted

WARNING

DO NOT EXCEED 24V FOR MAIN POWER

<Figure 4> Main power of MEP-Pi

The main power of MEP-Pi is 24V DC which is commonly used for industrial equipment.
MEP-Pi turns on automatically without switch if 24V DC power is applied. NOTE, check the
voltage level and check the direction of polarity before applying power. It is useful when
MEP-Pi is integrated with higher system, so it needs to turn on immediately after turning on

main power of the system.

1.3.2 Power system schema
MEP-Pi has 24V-5V DC-DC converter which can make isolated 5V voltage power source for
internal system including Raspberry Pi. It means the grounds of 24V and 5V are different, so

there is no electrical relation between two power sources.
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Insulation Barrier

11
11
External E E Raspberry Pi
System I System
'
A [ F N
1
1
1
1
1
1
1
1
[ |
( 24V-5V ]
24V DC Power >
L DC-DC Convertor J
<Figure 5> Insulation of 2 power source of MEP-Pi
GND of outside power GND of inside power

Power USB

Digital Out/In

CAN, RS485

<Figure 6> Insulated ground for the interfaces of MEP-Pi

Only USB interface has different ground with other interfaces, which means the ground in
USB interface shouldn't be mixed with other interfaces' ground. NOTE, do not use USB power
to operate the devices using external power. We do not recommend using USB power to

operate other device. It would be better to use USB power only for keyboard and mouse.
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1.4 Communication interfaces
1.4.1 EtherCAT

Indicator LEDs

EtherCAT interface

<Figure 7> EtherCAT connector of MEP-Pi

i EtherCAT EtherCAT EtherCAT
- Slave device Slave device Slave device

<Figure 8> EtherCAT network by using MEP-Pi

MEP-Pi has 1 x EtherCAT interface to control EtherCAT slave devices. EtherCAT interface
should be connected to the input of EtherCAT slave devices by using RJ45 cable. NOTE, the
usage of over CAT5E grade SFTP cable (Shielded and Foiled Twisted Pair) with shield RJ45
connector is recommended. Once EtherCAT devices are connected to MEP-Pi, the LEDs of
EtherCAT connector are blinking, which means MEP-Pi is communicating with the EtherCAT

slave devices correctly.
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1.4.2 CAN & RS485

CAN2.0A Interface

k\ =4
I/ CAN interface t I e | M
OPERATING ¢ AN inter {
RS485 Interface
~ J

<Figure 9> CAN and RS485 interfaces of MEP-Pi

MEP-Pi has 1 x CAN2.0A and 1 x RS485 interfaces. Each interface uses same connectors.
User can select one of the terminal connector and RJ45 connector to connect

communication cable. The communication cable must follow the pinout of each interfaces.

1 2 3

Terminal connector pinout RJ45 connector pinout

NC

NC

CAN_H /RS485_A
NC

NC

CAN_L / RS485_B
GND

GND

GND
2 CAN_H /RS485_A
CAN_L /RS485_B

D~ & WwW| N[

<Figure 10> Pinout of CAN(RS485) connectors
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The grounds of each connectors are used only for indicating LEDs of RJ45 connectors.
NOTE, the LEDs of the RJ45 connector are powered by 24V main power source, so the
ground of each connector should be same to the ground of the power source to turn on
LEDs. It is not mandatory, but we recommend match the grounds of CAN and RS485

connector to the ground of main power source.

1 2 3 Pin number o )
Termination resistor
12 2-3
- ‘ . Disconnect Disconnect Deactivate
Short Disconnect Deactivate
Termination resistor selector pinout Disconnect Short Activate

<Figure 11> terminating resistor selecting pins

Termination resistors of each interface are activated/deactivated by jumping terminating

resistor selection pins.
1.4.3 Digital In/Out

ZACIn - 24V0ut
Indicating LEDs 1‘ ol fads, v g2 PONNNSH 3 H o ﬁ

Connectors (cable with terminal)

A\ WARNING s 4

WARNING &

ERROR &

DO NOT EXEED 24V FOR INPUT SIGNALS

<Figure 11> Digital In/Out interfaces of MEP-Pi

MEP-Pi has 8 x 24VDC digital input and 8 x 24VDC digital output interfaces. Each interface

has LEDs to indicate state of each port. NOTE, the voltage to input connector must not
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exceed 24V. The input signals are transmitted by using a photo coupler for the insulation
between outside and outside of the system. The photo coupler is powered by the main
source of the MEP-Pi, which means the ground of the input signal must be same to the
ground of the main power source in order to trigger photo coupler. The same principle is
applied for the output signals. NOTE, The ground of the input/output signals must be same

to the ground of power source.

CE1006 | 12 | 60

CE1008 4 | 80 _ '
e e gy e e UL Lo ) e g ——— 14 3 YELLOW —_——
e SN o L L 100 L 08 8 —

CE1012 18 12.0

* Recommended pen hole terminal is yellow-10mm (wire range 1.0 mm?)

<Figure 12> Specification of the recommended pin hole terminal

User can use pure wire without terminals, but it is recommended to use pin hole

terminals for stable fixing of signal lines.

1.4.4 Ethernet

Ethernet interface

Indicator LEDs

<Figure 13> Ethernet interface of MEP-Pi
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MEP-Pi has 1 x Ethernet interface to communicate with other system. NOTE, the default IP
address is DHCP, so it is not fixed at the first time. User can change IP address by editing

interface file at "/etc/network/interface”. We will discuss about this at chapter 2.
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2. First connection to MEP-Pi

2.1 Direct connection
Users need to connect to MEP-Pi directly at the first time in order to set the IP address for
the next remote connection. Connect monitor and keyboard to MEP-Pi, then power up MEP-

Pi. Then, the booting screen will show up on the monitor.
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<Figure 14> Boot screen of MEP-Pi

If LAN cable is connected to MEP-Pi, it will have the IP address by DHCP protocol. Users can
connect to MEP-Pi remotely by using given IP address. If users want static IP address, some
settings should be modified. First, login to MEP-Pi. NOTE, the default ID and password is
“pi / raspberry”. Next, type “sudo nano /etc/network/interfaces". Then, the contents of
network setting file will show up. The default setting of “eth0" is dhcp as shown in fig. 15.
Users should change this in order to assign static IP address as like fig. 16. Reboot after

saving the changed file. Then, the IP address of MEP-Pi is changed.
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comment the original setting

Set the static mode

Set the proper address you want to apply (ex. 192.168.0.10)
Set the netmask to 255.255.255.0

Set the gateway for your network (ex. 192.168.0.1)

Set the network scheme (ex. 192.168.0.0)

/wpa supplicant.con

<Figure 16> Modified setting of “interfaces” for static IP address
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2.2 Remote connection

Users can connect to MEP-Pi by using network. NOTE, users should know the IP address of
MEP-Pi before connection. Run “putty.exe” and type the IP address of MEP-Pi. If the
connection state is proper, the login screen will show up. Users can login by using same ID

and password to the direct connection.

ﬁPuW‘( Configuration X
Category:
- Session Basic options for your PuTTY session
Logging S ify the destinati tt 1 1
~Terminal specly S ceshnaton you wantto coniacti
Keyboard | Host Name (or IP address) iPort i
Bl : % : 1. Type the IP address of MEP-Pi
Features i _It
~\Window ComECenypss T T T T T T T TS
Appearance O Raw O Telnet O Riogin @ SSH O Serial
Beha\r]o!.lr Load, save or delete a stored session
Translation
Saelection Saved Sessions
Colours
- Connection -
Default Settings
Data = ing Load
Proxy
Telnet Saye
Rlogin
11SSH Delete
Serial
Close window on exit:
() Aways () Never (® Only on clean exit
e
About i | Open i Cancel
P ] 1

2. Click "Open"”

<Figure 17> Putty screen for the remote connection

2.3 File transmission

MEP-Pi supports SAMBA server for convenient file transmission. Run “File explorer" and
type the IP address of MEP-Pi as like shown in fig. 18. Then, you can see the “pi" folder on'y
our file explorer. It is “/home/pi" folder in MEP-Pi. Click the folder icon to enter the folder.
Then, the login screen will show up. Type “pi / raspberry” for the ID and password,
respectively. NOTE, the ID and password for the samba server login is same to the ID and
password for the login but it is differently used, which means even though the ID and
password for the login to MEP-Pi is changed, the ID and password for the login to SAMBA

server would not be changed.

Page 17/ 32



“ Home Share View

_/,___j&_ j % Cut X Dpen. ™ i Select all
L Wil Copy T | Easy access Select none
Pin to Quick Cop Paste 3 M Cop Delete Rename = )
access = ra - o~ - Hie ~ Invert selection
Clipboard Crganize MNew Open Select
T — N -
= SEIET . - 1P ADDRESS OF MEP PR v|+  search 192.168:60.22 p
L —— 3
# Quick access pi Type "\\" + IP Address of MEP-Pi (ex. "\\192.168.0.10")
, @
@ OneDrive
= This PC
¥ Network
1 item =

<Figure 18> Connection to SAMBA server

Now, users can transmit files to MEP-Pi as same way they did in Windows system. Creation

of new files and folder are also same. It is useful when transmit built binary files from IDE.

We will discuss about this at next chapter.
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3. Development environment setup

3.1. Install software

First, execute installer file in the provided USB. Then, the installation of MEP-Pi development
environment is started. NOTE, the installation path is “C:\MINTROBOT\MEP-Pi\", and it is fixed.

Please, check there is sufficient space left for the installation. The installation requires at least 4GB

space. If you click OK, installer starts installation.

L“ MINTROBOT MEP-Pi Installation

[ |
'L Start instaling MEP-Pi development environment. Do you want to continue?

oK

X

Cancel

‘,u 12% MINTROBOT MEP-Pi Installation X

w
'L MEP-Pi development environment is instaling

12%

Cancel

L“ MINTROBOT MEP-Pi Installation

0} MEP-Pi development environment instalation is finished

X

...............................

<Figure 19> Installation screen
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3.2 Software details

Name
Com pi|er C/C++ compiler for MEP-Pi
IDE Integrated Development Toolkit (Eclipse) for MEP-Pi
I_ibrary Pre-compiled dynamic libraries for MEP-Pi
Tutorials Tutorial source codes
Workspa ce Default workspace directory for IDE
<Figure 20> Folders of the installed software

Compiler arm-linux-gnueabihf compiler

IDE Eclipse IDE for C/C++ developers (CDT)

Library P.re-compiled libraries and header files including 3™ parties' (Etherlab IgH, OROCOS KDL,

eigen)
Tutorials Step by step example codes
Workspace Default location to store source code used in IDE

3.3 Getting started with IDE

Enter the IDE folder and execute eclipse.exe, then eclipse IDE for MEP-Pi is executed.
Provided Eclipse was customized for the development of application for MEP-Pi. User can
see only “TemplateProject” at the project tree view at the first execution. It is the basic
template project for MEP-Pi application. Every environmental settings is preceded for
convenience. NOTE, do not use the template project and do not modify the template project.

Do clone (copy & paste) the template project to make new project.
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e wes DEERE B e =

Project tree

Source code editor

Output monitor

<Figure 21> First screen of IDE

3.4 Hello world example

3.4.1 Make a clone project

S m Local To il

Loy

! sect
Redreh
Those Project
Chuse Urnwlatod rjucts
Budd Tergees
v
Bl g Configurathon: . B Cotigupatiins
St in Bt Sptera e S U RN ST Ve
Frailiing Tk " Peufibng Tk
Valdt Vakcate
B Ay
Dhebug A
Pratia g
Festore. fiom Lacal istory.
T b (= Conde Arabris

1pais Wit Compme W
Contigur . Cengun
Soumon

Frogurian

<Figure 22> Processes to clone the template project
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First, make the clone project by using the template project. Copy the template project, and
past it at the project tree. Then, name the new project as "Hello MEP-Pi". Then, new project

is generated in the project tree with included basic header files.

& Copy Project (] X

Project name: |HelloMEP-Pi|

Use default location

Choose file systemn: EEEEL

<Figure 23> Naming of the clone project

%Workspace - Eclipse
File Edit Source Refactor Navigate Search Project Run Window Help

- BRs 1 B = e % 3 * ges RENE W we

B Project Explorer X

@..

PR EDE:

Cloned project

Template project

<Figure 24> Generated clone project
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3.4.2 Add new source file

Right click at the new project, and click “New — Source File". Then, name the new file to main.cpp.

< Workspace - Eclipse
File Edit Source Refactor Navigate Search Project Run Window Help

w E® s A

Fin Project Explorer X

> [ Project..

Go Into % File
Open in New Window | T File from Template
Show in Local Terminal > 9 Folder

=| Copy Ctrl+C (& Class

Paste Ctl+V  |n] Header File

¥ Delete Delete ¢/ Source File
Remove from Context Ctrl+Alt+Shift+ Down &3 Source Folder
Source > [E) C/C++ Project
Move...

9 Example...
™ Other...

seeoHLBLLHOE: ¢

Rename... F2

=3 Import...

| Export...
Build Project

~ meTo

£ New Source File O X

Source File

Source folder: Browse...

Source file: |m.3in

Template: Default C++ source template ¥

<Figure 25> Add new "main.cpp” source file
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The new source file "main.cpp” is added in the project tree. Then, user can edit the code of

the “main.cpp” by using the source code editor. Type the sample source code as bellows.

& Workspace - HelloMEP-Pi/main.cpp - Eclipse
File Edit Source Refactor Navigate Search Project Run Window Help

w EW® s S iRioigg ™M H € i { = ' i AeREODE ¥ e

Fo Project Explorer X main.cpp X

4 8 HelloMEP-Pi

4 &

(G-
printf({ "Hel

<Figure 26> "main.cpp” source file contents

3.4.3 Build project

& Workspace - HelloMEP-Pi/main.cpp - Eclipse
File Edit Source Refactor Mavigate Search Project Run Window Help

W EAE 1\ BRI isicid M B © i - v ey JeRPENE B
Pl Project Explorer X - = main.cpp X
ES® -

4 B HolloMEP-Pi
A

m:n;‘ 3 New

Go Into

-4

Open in New Window

Show in Local Terminal >
Ctrl+C
Ctrl+V
Delete

Remove from Context Ctrl+Alt+Shift+Down

Source >
Move..

Rename...

PP EED

Import...

3 Export...

Build Project

Clean Project

Refresh F5

Close Project

Close Unrelated Projects

<Figure 27> Build project from popup menu
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There are two way to build the project. 1). Right click on the project tree and select "Build Project” 2).

select the target project on the project and click “Build button” on the toolbar.

© Workspace - HelloMEP-Pi/main.cpp - Eclipse
File Edit Source Refactor Navigate Search Project Run Window Help
= r== : - - :
H .‘%I’ll%z, iBieid

L——1 Build button
P HE= A SGILTCT @ Build ‘Release’ for project 'HelloMEP-PI*

e JEREAE B e »

4 B8 yelloMEP-Pi

4 @ includ

in() {

printf(

. pePPDDERDED

<Figure 28> Build project from toolbar icon

If there are no build errors, the final binary file is generate under "Binaries” slot on the project tree. It

is an executable file under the operating system of MEP-Pi.

& Workspace - HelloMEP-Pi/main.cpp - Eclipse

File Edit Source Refactor Mavigate Search Project Run Window Help

Bieid N BH © i» % 5 * QoS JeRPEARE B we

B maincpp X

Generated binary file

n() {
printf(

<Figure 29> Finally built binary file from building process
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3.4.4 Run with MEP-Pi

There are many method to run built binary file linux system as like MEP-Pi, but we officially

recommend the method as bellows.

1) Connect MEP-Pi by using samba server by using “ID : pi / PASS : raspberry”. The default location

is “/home/pi". and copy the generated binary file to the connected location.

LY kes JEREEE W we o

®
[ 3
&
B
(=
8
&
[
&
[
[ ]

v | pi = ] X
Home Share Wiew {
& Cut « X _I New item ™ o + Open ™ o Select all
’ Wi Copy path T ] Easy access = | Select none
ick  Copy aste . Move  Copy Delete Rename New Properties .
|#] Paste sh L - o - folder o 1 Invert selection
Clipboard Organize New Open Select
“ v 4 L » Network > 1921686022 » pi > v U Search pi £
Name Date modified Type Size
# Quick access
s RO i i b i s il A S/20 PO IEE = |)-% 1. Y SRR et S S Sy s
: 1 " o e 1
& OneDrive | | HelloMEP-Pi 6/28/2018 9:40 PM File KB §
S T e T WO S e,
This

» 3D Objects
& Deskiop Generated binary file is copied to MEP-Pi
: Documents

4 Downloads

5 Music

« Pictures

§ Videos
£ Local Disk {C)

b Network

<Figure 30> Copy binary file to MEP-i by using SAMBA server
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2) Connect MEP-Pi by using putty by using “ID : pi / PASS : raspberry”. Then, type "Is" to verify

copied file is correctly located.

f pi@raspberrypi: ~ — | X

Pl

<Figure 31> Remote connection and verification of the copied binary file

3) Run the binary file with "sudo”. The application of MEP-Pi requires root authority because it uses

real-time functions. Every application from the template project must run with "sudo” command.

<Figure 32> Execution of the copied binary file
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4. Tutorials

4.1 Basic concept of real-time based motion control

MEP-Pi is a real-time capable motion control platform. The fundamental concept of the real-
time based motion control is that it calculates proper values for the motion control in every
cycle. And, the real-time means that the periodic calculation is guaranteed. NOTE, the real-
time capable does not mean that it can guarantee it can finish the processing of the given
work regardless of the computing power. It does mean that it can guarantee it can start the
given work in every periodic. Therefore, the proper selection of the period of the given task

with the consideration of the computing power is very important.

Receive values Calculate proper values Send the

of current step | for next step calculated values

Periodically repeat

<Figure 33> Basic process of real-time based motion control

4.2 Step by step examples

The provided step by step examples represent the process to implement motion controller
for a 6-DOF robot arm. First, it shows the example codes to understand the structure of a
real-time based motion controller. Next, it shows the example codes to understand how to
calculate the proper values of motion control in terms of position control, such as trajectory
and kinematics. Then, it shows the example codes for Digital In/Out, CAN, RS485, and
EtherCAT. Lastly, user can test the implemented motion control application with simulator
and MTP that is a freely provided teaching pendant software. The example codes are stored
in Tutorial folder of the installed software. Users can easily load the example codes by
switching workspace of IDE as shown in fig. 34. There are many comments in the sources
code, so user can easily understand the structure of each examples. Also, all example codes

are pre-compiled and stored in MEP-Pi (/home/pi/examples).
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© Werkspace - HelloMEP-Pymain.cpp - Eclipse
File Edit Scurce Relactor Mavigste Search Project Run Window Help
Mew AlteShifrenl s B ] = . EeS JEREAEE A e =
Cpan File..
4 Cpen Projects from File System...

Clase Ctrl+W
Clase All Ctrl+Shift+ W

& Rafresh
Corvert Line Delimiters To

i ot
Propaertios Alt+Enter
1 maincpp [HellaMEP-Pi] i e -l
Switch Workspace e \Workspace : :
v — 1 Change workspace to Tutorial
ther . i
I —————— - —I

<Figure 34> Switching workspace for tutorial

<Figure 35> Pre-compiled example codes
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1.3.1 Thread
In this example, user can study how to create threads with priority. Users can create two

threads that compete concurrently to gain computing power according to their priority.

1.3.2 Periodic thread
In this example, user can study how to create thread that repeat its functions periodically.
Users can study how to set set the period for the periodic class, and can verify it repeats its

functions with given period.

1.3.3 Real-time periodic controller
In this example, user can study the implementation details of a real-time based motion
control software as shown in fig. 33. User can verify how the periodic control algorithm is

implemented.

1.3.4 Single joint trajectory

In this example, user can study how to calculate proper angle for a single joint. The
examples represents the method to generate trajectory according to maximum velocity and
acceleration. And, it shows how to get the proper value of the joint from the calculated

trajectory by using time variable.

1.3.5 Multi joint trajectory

In this example, user can study how to calculate proper angle for multi joints. It is extended
example from the single joint trajectory example in order to implement multi-joint robot arm.
Users can study the implementation details for joint angle based motion controller after
finishing this example. This example can be used as the motion controller for XYZ 3-axis

linear motion system, such as CNC milling and 3D printer.

1.3.6 End-pos trajectory
In this example, users can study how to calculate proper trajectory of an end-point, which is

the trajectory of the end point of a robot arm.
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1.3.7 6-DOF inverse kinematics

In this example, user can study how to calculate proper angle for a 6-DOF robot arm
according to the calculated end-pos trajectory at example 1.3.6. It means user can convert
the XYZ space based value into joint space based value, which will be sent to the motor of
the joint. User can study the implementation details for a motion controller for a robot arm,

such as 6-DOF robot manipulators.

1.3.8 Digital 10 communication
In this example, user can study how to use the APIs in order to send and receive values from
digital in/out interface. It can be used when users need to integrate their motion control

application with PCL-like higher system.

1.3.9 CAN communication
In this example, user can study how to use the APIs in order to communicate with CAN
devices. The source codes implemented the communication with 6-DOF F/T sensor of

ROBOTOUS (www.robotous.com) which can be used for direct teaching algorithm.

1.3.10 RS485 communication

In this example, user can study how to use the APIs in order to communicate with RS485
devices. The source codes implemented the communication example with Holloint Joint,
which is the smart actuator of MINTROBOT.

1.3.11 EtherCAT CoE communication
In this example, user can study how to use the APIs in order to implement EtherCAT Master.
The source codes implemented the control of 6 x Panasonic servo motors, which assume

the motor for 6-DOF robot arm.

1.3.12 Communication with MTP
In this example, user can study how to integrate the motion controller with PC based higher

system, such as teaching pendant. MTP is a freely provided teaching pendant software that
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can program robot arms easily. The communication between MEP-Pi and MTP is TCP/IP
communication, and user can integrate their application with other software by using same

manner.

1.3.13 Communication with ROS gazebo simulator
In this example, user can integrate the implemented motion control application with a

simulator. User can verify how the robot moves in simulation environment.

1.3.14 Switch state LEDs

In this example, user can study how to handle the LEDs to indicate state of the motion

controller. User can inform such as warning and errors by using LEDs.
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