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Introduction

This document describes sample software for running OPC UA server on RZ/N2L.

Target Device
RZ/N2L
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List of Abbreviations and Acronyms

In this document, the terms below are defined as follows:

Terms Description

FSP Flexible Software Package

SOM Kit RZ/N2L Industrial Network SOM Kit

OPC UA Open Platform Communications Unified Architecture
XML Extensible Markup Language

Related documents

Document Type Document Title Document No.

Data Sheet RZ/N2L Group Datasheet RO1DS0397EJ****
User’s Manual RZ/N2L Group User's Manual: Hardware RO1UHO955EJ****
User’s Manual RZ/N2L Industrial Network SOM Kit User's Manual R12UTO0020ED****
Application Note RZ/N2L Group TCP/IP IwIP Sample Program Package RO1ANG588EJ****
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RZ/N2L Group RZ/N2L Industrial Network SOM Kit Application Note: OPC UA Server

1. Overview

1.1 Abstract

OPC UA, which enables interoperability of industrial applications, is becoming widely used not only in factory
automation but also in various industries.

This document describes the sample software configuration and its usage to realize OPC UA server on
RZ/N2L, which are the RZ processor for industrial networks.

Fig 1-1 RZ/N2L Industrial Network SOM Kit
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1.2 Operating Environment
1.2.1 Software Environment

The operating environment of this sample software is shown in Table 1-1.

Table 1-1 Operating Environment

Category Name Version Link Remarks

RZ/N2L OPC Sample 1.0.1

UA server Package

sample software

IDE e? studio 23.4.0 https://github.com/renesas/rzn- Included with e? studio
fsp/releases/download/v1.2.0/setup rz installer

nfsp vl 2 0 e2s v2023-04.exe

Flexible FSP 1.2.0 Included with e? studio
Software installer

Package

GNU Arm GCC V9.3.1.20200408 Included with e? studio
Embedded Toolchain N installer

Toolchain

OPC UA Client UaExpert 1.71 OPC UA Clients - Unified Automation

Tool (unified-automation.com)

Packet analyzer Wireshark 4.0.7 Wireshark - Download

(*1). V10.3.1.20210824 is also installed when installing e? studio, but we recommend using V9.3.1.20200408.
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https://github.com/renesas/rzn-fsp/releases/download/v1.2.0/setup_rznfsp_v1_2_0_e2s_v2023-04.exe
https://github.com/renesas/rzn-fsp/releases/download/v1.2.0/setup_rznfsp_v1_2_0_e2s_v2023-04.exe
https://github.com/renesas/rzn-fsp/releases/download/v1.2.0/setup_rznfsp_v1_2_0_e2s_v2023-04.exe
https://www.unified-automation.com/downloads/opc-ua-clients.html
https://www.unified-automation.com/downloads/opc-ua-clients.html
https://www.wireshark.org/download.html

RZ/N2L Group

RZ/N2L Industrial Network SOM Kit Application Note: OPC UA Server

1.2.2 Hardware Environment

This sample software is tested under the hardware environment of Table 1-2.

Table 1-2 Hardware Environment

Name Type Name Maker Link Note
RZ/N2L Industrial YCONNECT-IT- Renesas Electronics www.renesas.com/yconnect-it- SOM Kit
Network SOM Kit RZN2L rzn2l
R0O1AN7181EJ0100 Rev.1.00 Page 6 of 44
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2. Hardware configuration

This section describes the hardware configuration of executing the sample software.

2.1 Board Settings
When executing the sample software, configure the SOM Kit settings in Fig 2-1.

. SW1: ON
. J2: 2-3 Short: Use SD-RAM as external memory

pik}
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Fig 2-1 Board Configuration
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3. Sample Software

This chapter describes the structure and usage of the sample software.

3.1 Folder structure

The folder structure of the sample software is shown below. As a guide, the bolded text indicates folders
containing files that users will customize with this sample software.

e2studio1

—OPC_UA_SERVER
F—rzn

| F—arm

| | L—cMsIS_5

| F—aws

| | “—amazon-freertos
| F—board

| | L—custom

| —fsp

F—rzn_cfg

| F—aws

| —fsp_cfg

\ —bsp
F—rzn_gen

—script

—src

—user

—oss

| }—amazon-freertos

| L—lwip

—renesas
—application
F—module
—oss_deps

open62541

Rz

ARM

CMSIS

AWS

FreeRTOS

Board

Custom Board

Flexible Software Package
Configuration

AWS

FSP

Board Support Package
Generated files

Linker Script

User Thread Entry
User files

Other OSS

AWS_0SS

IwlP_OSS

Renesas common files

User IwWIP application, User OPC UA application
User module
OSS dependencies

Fig 3-1 Folder Structure
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3.2 Boot Sequence
Describes the boot procedure and memory allocation.

The boot mode of this sample software is xSPIO x1 boot mode. The figure below shows the BSP tag in the
Smart Configurator.

Board Support Package Configuration Generate Project Content

B Restore Defaults

Device Selection

FSP version: | 1.2.0 Board Details

w
RZN2L Custom User Board (xSPI0 x1 boot mode)
Boal: RZM2L Custom User Board (xSPI0 x1 boot mode) E
Device: ROAQTGOBANOICTE EI

Core: CR52 0

RTOS: FreeRTOS

Summary | BSP | Clocks | Pins | Interrupts | Event Links | Stacks | Components

Fig 3-2 Boot mode

After downloading the program to the flash memory, the board operates independently by pressing the
RESET button on the SOM Kit or turning the power ON without a debugger connection. You can still connect
the debugger for evaluation.

RO1AN7181EJ0100 Rev.1.00 Page 9 of 44
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3.3 OPC UA Stack

3.3.1 OPCUA

OPC UA was developed by the OPC Foundation as an open communication standard to realize secure and
reliable data exchange for various industries including the industrial automation field. OPC Classic, the
predecessor of OPC UA, was Windows-based, but OPC UA is now multi-platform and able to run on various
platforms from Windows systems including cloud computing to RTOS for field devices.

This sample software implements the open source open62541 protocol stack on FreeRTOS, which is
provided as sample software for RZ/N2L.

3.3.2 Information Model

To achieve interoperability among vendors and industries, OPC UA provides a unified data model called the
“Information Model” in xml file format. It includes built-in models commonly used in OPC UA, companion
models used by each industry or organization, and vendor-specific models that can be customized by each
vendor. (Fig 3-3)

In this sample software, the .xml file of the information model is converted to C language code. For details,
please refer to chapter 5.1.

]' Opc.Ua.Renesas.NodeSet2.xml

Built-in Information Model

Fig 3-3 Information Model

pc.Ua.Xml.NodeSet2.xml

(1) Opc.Ua.Xml.NodeSet2.xml

It provides the "Meta Model", which is a set of rules for describing the OPC UA information model, and the
"Built-in Information Model", which is the basic information model of OPC UA described by the Meta Model.

In this sample software, the following versions are applied.

The OPC UA XML version 1.05.01 (UA-Nodeset/XML/Opc.Ua.Xml.NodeSet2.xml at
d1bb6a22125bd7cd986272b1ee98a18a91d76fff - OPCFoundation/lUA-Nodeset - GitHub)

(2) Opc.Ua.Renesas.NodeSet2.xml

This is one of the information models made for this sample software. The OPC UA modeler "SIOME" is used
for creation. For details, please refer to the following link.

Siemens OPC UA Modeling Editor (SIOME) - ID: 109755133 - Industry Support Siemens

RO1AN7181EJ0100 Rev.1.00 Page 10 of 44
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3.3.3 open62541

This sample software adopts the open source open62541 as the protocol stack for the OPC UA server. For
more information on open62541, refer to the following Link.

open62541

(1) Version
Base version of open62541 in this sample software is the following.
Base Version :v1.3.4-564-gb7e5e49f3
(commit b7e5e49f32d00490be74c2eacef892c7fbd0be60)
(2) License
The license terms for the open62541 are MPL v2.0.

Please refer https://www.mozilla.org/en-US/MPL/2.0/ for more information and comply with the license terms
and conditions.

(3) open62541 files

To run open62541 in the environment of freeRTOS + LwlIP, the method to generate open62541.c and
open62541.h files using CMake as described in the following link is applied

Building open62541 — open62541 1.3.0-dirty documentation

For more information, please refer to chapter 5.1 in the Appendix.

3.3.4 Restrictions
The released version V1.0.x of this sample software has the following restrictions.

v" Not supported for security certificates.

v Not supported for NTP client.

RO1AN7181EJ0100 Rev.1.00 Page 11 of 44
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3.4 Installation of Development Environment

3.41 e?studio
3.4.1.1 Install

Download the version listed in Table 1-1 and install it on your PC. The latest version has a downloadable
installer that includes FSP, e? studio, and the GCC toolchain as a single package.

Note) Replace the version in the following figures to be installed version.

+ Double-click the downloaded “setup _rz*fsp v1_2 0 e2s v2023-04.exe”.

&) 26% Extracting ot

Fig 3-4 e? studio Install (1)

- Select Users

Renesas Installer

{;‘ Select which users to install for

—» All Users
nstall for all users on this computer

Requires Administrator permissions

—> Current user
nstall for only

Parts may require Administrator permissions

— Cancel installation

Fig 3-5 e? studio Install (2)

RO1AN7181EJ0100 Rev.1.00 Page 12 of 44
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+ Select Install Type

[N Renesas RZ/N Flexible Software Package (FSP) w1.1.0 with e* studio 2022-10 Setup

Renesas RZ/N Flexible Software Package (FSP) v1.1.0 with e” studio 2022-10 Setup

=

O X

AYA=M-54F

Select Install Type:

(] |'—;|\-| Quick Install

\*_/ Default installation of &* studio, FSP & GCC ARM Embedded

(7" Custom Install
W=/ Custom installation of e° studio, FSP & GCC ARM Embedded

v202212160219 User: All Users < Back Mext > AR Cancel
Fig 3-6 e? studio Install (3)
+ Select Install folder
[EM Renesas RZ/N Flexible Software Package (FSP) v1.1.0 with & studio 2022-10 Setup O *
Renesas RZ/N Flexible Software Package (FSP) v1.1.0 with e’ studio 2022-10 Setup \
RZ
A
== A= T ! e
@ 5% A VARl :fb’)HﬂJiﬂﬁﬂ‘l’%ibf
A2 A=l48FT 1 C¥Renesas¥rzn¥e?studio_v2022-10 fsp_v1.1.0
EL g rE,,
- BEBYIMIIFE, TTAVAM-NERTOET.
1 SA-IDEE
ADA=IFIITEIIF
= Renesas e2 studio v22.10.0.R20221013-1357
+ Java Runtime v11.0.0
» Renesas FSP Smart Configurator Core v8.10.0.w20220026-0845
= GCC for Renesas RZ Build Support v22.10,0.w20220216-0746 v
= Banarar BT Cameanm 0?7 400003033001 o147
v202212160219 User: All Users < Back A= Cancel

Fig 3-7 e? studio Install (4)
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+ Check and Click “Next”

[EN Renesas RZ/N Flexible Software Package (FSP) v1.1.0 with &° studio 2022-10 Setup

O X
Renesas RZ/N Flexible Software Package (FSP) v1.1.0 with e” studio 2022-10 Setup &ﬂ

£37% ROVIMIITENESRATRSL TGS L.
@ S48V Renesas e2 studic License Terms and Conditions for RENESAS e2 studio ~
E OpenlDK License Agreems

. This Renesas e2 studio license agreement ("Agreement”) is between
ARM DS-5Toolchain Integ) | entity on whose behalf you are entering into this Agreement
Renesas FSP for RZ/N w1.1) |["Client") and Renesas Electronics Corporation, a Japanese company
GNU ARM Embedded 9.2.| |with its registered office at 3-2-24, Toyosu, Koto-ku, Tokyo 135-

| |0061, Japan ("Renesas"). YOU SHOULD READ THIS AGREEMENT
GNU ARM Embedded 8.3. |0 pe uﬁv, AS IT CONSTITUTES A BINDING CONTRACT BETWEEN
GCC ARM A-Profile (AArcl |- [ENT AND REMESAS,
Renesas Common Library | |The Renesas IDE Software (defined below) is intended for
commercial use by a company or corporation only and is not
designed, developed or produced for any private use or purpose. If
you are an individual, or you intend to install the Renesas IDE
Software on behalf of an individual, or the Renesas IDE Software is
expected to be used for a private purpose directly or indirectly, you
should click "Ne" on the installer.
Otherwise, by clicking the "l accept” button or other button or
mechanism designed to acknowledge agreement to the terms of an
electronic copy of this Agreement. or by installing. accessing. or

MyItarrEsnnEtRSLET. Print all...

£ > L

V202212160219 User: All Users < Back rvridin Cancel

Fig 3-8 e? studio Install (5)

+ Click “Install”
[Z4 Renesas RZ/N Flexible Software Package (FSP) v1.1.0 with & studio 2022-10 Setup O x
Renesas RZ/N Flexible Software Package (FSP) v1.1.0 with e® studio 2022-10 Setup \
RZ
£37F EERTISLELUTFANADYI- My HE. ROEFICERSNET ¢
S{EUA
ATk AZ3—-JI-T: |Renesas RT¥N v1.1.0 |

@ Ya-khavh & FIANEETLR)

v202212160219 User: All Users < Back MNext > Cancel

Fig 3-9 e? studio Install (6)
RO1AN7181EJ0100 Rev.1.00 Page 14 of 44
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[E% Renesas RZ/N Flexible Software Package (FSP) v1.1.0 with & studic 2022-10 Setup m] *
Renesas RZ/N Flexible Software Package (FSP) v1.1.0 with e studio 2022-10 Setup \
RZ
k572 Renesas RZ/N Flexible Software Package (FSP) v1.1.0 with & studio 2022104 VA= LN 3ETHEES
B
FMEUA
Ya-khyh | = |
. I

@ varns. | ==

v202212160219 User: All Users < Back Mext > WLl

Fig 3-10 e? studio Install (7)

+ Click “OK”
E! |
Renesas RZ/N Flexible Software Package (FSP) v1.1.0 with e” studio 2022-10 Setup \
RZ |
t372 Renesas RZ/N Flexible Software Package (FSP) v1.1.0 with * studio 2022-10004 VA= LA'R TLELE.
F{EYR OKEIUyILTRLTES.
PE i Pl

[ Launch ez studio?
[ View Release Motes?

@ - [] View What's New?

View Renesas FSP User Manual?

A A=

wIDUYT
Renesas FSP: C:¥Renesas¥rzn¥e?studio v2022-10 fsp v1.1.0
Renesas FSP User Manual: C:¥Renesas¥rzn¥e?studio v2022-10 fsp v1.1.0
GCC ARM Embedded: C:¥Renesas¥rzn¥e?studio v2022-10 fsp v1.1.0¥toolchains¥gee arm¥
9 20159g4 |
GCC ARM Embedded: C:¥Renesas¥rzn¥e2studio v2022-10 fsp v1.1.0¥toclchains¥gee arm¥ I
5 2020q2

V202212160219 User All Users < Back Mext » Cancel

Fig 3-11 e? studio Install (8)
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3.4.1.2 Project start-up
(1) Unzip package

First, unzip the archived sample software package and store it in any folder. Because e? studio cannot
recognize project properly if file path is too long in the folder hierarchy, place it in shorter path. Also, do not
use multi-byte character, such as Japanese, in the folder path.

(2) Execute e? studio
Execute "e2studio.exe" to start e2 studio in the following folder (default case) installed:

\Renesas\rzn\e2studio_v2023-04_fsp_v1.2.0\eclipse¥e2studio.exe

Renesas
rzn

e2studo_v2023-04_fsp_v1.2.0

eclipse | > cenfiguration

fsp_documentation dropins

internal features

toolchains p2

uninstall plugins
readme
runtimes

| | .eclipseproduct
| artifacts.xmil
I @ e2studio.exe
| e2studio.ini
(5] ezstudioc.ene
& notice.html

Fig 3-12 Launch project (1)

RO1AN7181EJ0100 Rev.1.00 Page 16 of 44
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(3) Import Project

Enter any workspace directory and click “Launch”.

&) & studio Launcher >

Select a directory as workspace

e” studio uses the workspace directory to store its preferences and development artifacts.

Workspace: ch| Co¥lsers¥XX0000K ¥e2_studio¥workspace ~ Browse...

[] Use this as the default and do not ask again

» Recent Workspaces

Fig 3-13 Launch project (2)
Select the toolchain “GNU ARM Embedded — 9.3.1.20200408”

& O e

Toolchain Integration —
(1) New teolchains available for integration | C

- Fr-vnZE
Y-NFI-v-547 AYAR=)- 12
v [/] GNU ARM Embedded

[ GNU ARM Embedded - 10,3,1,20210824 C¥Program Files (x86)¥GNU Arm Embedd
[/] GNU ARM Embedded - 8.3.1.20200408  C:¥Program Files (x86)¥GMNU Arm Embedd

Select all Deselect all

MEREC Y- FI-VDEE FEHICTI

Cance

Fig 3-14 Launch project (3)

- Select “Import existing projects”

RO1AN7181EJ0100 Rev.1.00 Page 17 of 44
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EN @ Welcome %

&) workspace FSP110_sample B-SS airspeed - € studio — m] pe
File Edit Source Refactor MNavigate Search Project RemesasViews Run Window Help
@ b ~ || No Launch Configurations v lon: | --- F'ﬁ' | D - - 5?
R R R R RN T T T 1 ) TRl ey
Q E || Roce
(i) A= e

Welcome to e2 studio

Create a new &2 studio C/C++ project Get an overview of the features

Import existing e? studio projects from the filesystem Go through tutorials

or archive

. . Try out the samples
Download and import sample projects from Renesas
website

Find out what is new
Review the IDE's most fiercely contested preferences

Quickly getting familiar with the tool FELLEEE %
8D Y-l FEYT HEUET. |\
Ak, e (1382 22 55057 ||

Open a file from the filesystem

EERIIEIYILTED.

Smart Browser Nofific...n Startup: (66%) =

Fig 3-15 Launch project (4)
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Click "Browse” at “Select root directory” and enter the project folder to be imported.

Check the “Copy projects into workspace” checkbox to copy the import project.

& import O *
Import Projects —
Select a directory to search for existing Eclipse projects. / A;J

| (®) Select root directory: | C¥Users¥XXOO0KK ¥22_studio¥workspace FS « | Browse...

(D) Select archive file:

Browse...
Projects:
RZNZL_OPC_V1.0.0 (C:¥Users¥xxom ¥e2_studio¥workspace_F I Select All
Deselect All
Refresh
L4 >
Options
[ Search for nested projects
I Copy projects into workspace I
[[]Close newly imported projects upon completion
[[JHide projects that already exist in the workspace
Working sets
[[]Add project to working sets New...
Select...

@ o [ G

Fig 3-16 Launch project (5)

Click “Finish” in Fig 3-16 to display the following and click “Yes To All”.

& Question X

Yes Yes To All Ne Mo Te All Cancel

Fig 3-17 Launch project (6)

RO1AN7181EJ0100 Rev.1.00

Page 19 of 44
Nov.30.2023 RENESAS



RZ/N2L Group

RZ/N2L Industrial Network SOM Kit Application Note: OPC UA Server

& import O x
Import Projects i
Select a directory to search for existing Eclipse projects, / “.r
Select root directory: | C¥Users¥ xoooooxx#e?_studio¥workspace_FS Browse...
Select archive file: Browse...
RZN2L_OPC_V1.0.0 ([C¥Users¥xxooxxxi¥e?_studic¥workspace F Select All
Deselect All
Refresh
£ >
Options
Search for nested projects
Copy projects into workspace
Close newly imported ts upon completion
Hide projects that already exist in the workspace
Working sets
Add project to working sets New...
Select...

C¥lUsers¥ xxxxxxxx¥e2_studic¥workspace_FSP110_sample_B-S5¥RZMN2L_FreeRTOS_lwiP¥Debug¥
| C]

@' Finish

Cancel

Fig 3-18 Launch project (7)

+ When the project import is complete, the following will be displayed. The subsequent sections will be
explained in chapter 4.3.1.

Q workspace N2L 1.1 - e* studio

EYENONELEY

EBr&~ErGv@®@¢~ - - *
roject Explorer x
Bl P Exple = = m]

15 RZN2L_OPC V1.0.0 [Debug]

File Edit Source Refactor Navigate Search Project RenesasViews Run Window Help

v || wamm s e B-{-wiBi%iv| RiBIR|#-9

[8] M | B Console X |0 70/71- & AY-b-T59%- @ AV-F-¥227 A& F/vY
No consoles to display at this time.

Fig 3-19 Launch project (8)
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3.4.2 UaExpert

UaExpert is an OPC UA client tool. In this document, it is used to connect to the OPC UA server to access
the object nodes.

Download the version listed in Table 1-1 from the website and install it on your PC. Before downloading, you
must register on the Unified Automation website and activate your account. All content is provided free of
charge, but by downloading or installing the software from this web page, you automatically accept the
Unified Automation Software License Agreement (SLA). For license terms for software and information,
please refer to the following link.

https://www.unified-automation.com/products/sdk-overview/licenses.html#c341

Please check the above conditions of use before usage.

G 6] https://www.unified-automation.com/downloads/opc-ua-clients.html

[:! Unified :
Bl rweoristin

Home ‘ Solutions | Products | Services ‘ Downloads ‘ Support | Partners |
| | 1 | | | |

O pownloads OPC UA Clients — Downloads

© Documentation
UaExpert
© Online Documentation SDKs

© Online Manual for Tools UaExpert is a full-featured OPC UA Client which is capable of several OPC UA Profiles and
© CMake Troubleshooting fEaRiES
© Build Instructions OpenSSL

© OPC UA Quickstart Guide

© Ruild Tnstructions SNKs

Fig 3-20 UaExpert

3.4.3 Wireshark
Wireshark is a free network protocol analyzer. Download and install Wireshark from the link in Table 1-1.

<~ O 3  https//www.wireshark.org/download.html

We're now a non-profit! Support open source packet analysis b

[ S .
WIRESHARK News SharkFest Get Acquaintedv  Get Help v Dev

Download Wireshark

The current stable release of Wireshark is 4.0.4. It supersedes all previous releases.

v Stable Release: 4.0.4
Windows Installer (64-bit)
28 Windows PortableApps® (64-bit)
@& macOS Arm 64-bit.dmg
& macOS Intel 64-bit.dmg

</> Source Code

» Old Stable Release: 3.6.12

» Documentation

Fig 3-21 download Wireshark
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4. Operation check

4.1 Connection

Fig 4-1 shows a connection diagram when running the sample software. Connect PC and SOM Kit with
Ethernet cable and USB micro cable.

OPC UA Server
IP :192.168.10.100

Wireshark

OPC UA Client
IP : 192.168.10.20

=

Ethernet cable

OPC UA Tool
(UaExpert)

e? studio

Fig 4-1 OPC UA Server Hardware Diagram

4.2 |IP Address Settings

Set the address of the Ethernet on the PC that serves as the OPC UA Client.
Click on settings B in Windows Start E Configure the IP address as follows.
Settings > Network and Internet > Change adapter options > Ethernet

>Properties > Internet Protocol Version 4 (TCP/IPv4) > Properties

Gitems 1 item selected

Fig 4-2 network connection
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Internet Protocol Version 4 (TCP/IPv4) Properties X
General

‘You can get IP settings assigned automatically if your netwark supports
this capability, Otherwise, you need to ask your network administrator
For the appropriate IP settings.

(O Obtain an IP address automatically
(@) Use the Following IP address:

IP address: EEEEEES
Subnet mask: [ 255 . 255 .25 . 0

ok gt |
,

Obtain DNS server address automatica
(®) Use the following DS server addresses:

Preferred DNS server:

validate settings upon exit Advanced...

Fig 4-3 TCP/IPv4 properties

The IP address of the SOM Kit set in the OPC UA server sample software is 192.168.10.100. The IP address
of the PC needs to be set to 192.168.10.XXX. In this document, 192.168.10.20 is used.
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4.3 Start Project
First, import the project as described in section 3.4.1.2.

4.3.1 Build
Select the project name in the Project Explorer window and click "Clean..." in the Project menu.

a workspace_N2L_1.1 - & studio
File Edit Source Refactor Navigate Search Project RenesasViews Run Window Help

:K; Debug Open Project - ‘ - ‘gs - & =] .3,&: B ‘

Close Project
- | ’

Open FSP Configuration

Project Explorer < =R g !
bc N;:LOPC V100 Debos] 37 & Build Al Cirl+Al+B
e 4 Build Configurations b
Build Project Ctrl+B
ng - |
Deieelitomatically
Build Targets »
C/C++ Index »
Update All Dependencies Alt+D
Change Device

Change Toeclchain Version

W% /C++ Project Settings Ctrl+Alt+P
Properties

[f BSE | @ Conscle x |0 F0/(F1— @ AV-H-759%- [ A7-H-¥2a7) 45 707

No consoles to display at this time.

Fig 4-4 Open project Clean...

Enable the followings in the pop-up dialog and click "Clean" to start all builds.
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& Clean O *

Clean discards all build results and states. The next time a build occurs the selected
projects will be rebuilt from scratch.

[ Clean all projects

EE RZN2L_OPC_V1.0.0

Start a build immediately
(®) Build the entire workspace
() Build only the selected projects

Clean Cancel

Fig 4-5 clean and rebuild
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4.3.2 Debug Configurations

After confirming that the build result is 0 errors, select the project name in the Project Explorer window and
click “Debug Configurations...” in the Run menu. Ignore the warning message that appears.

@) workspace N2L_1.1 - € studio

File Edit Source Refactor Navigate Search Project Renesas\Views
K|\ %| =
4

- v S @E-68--@-id

%5 Debug [ #REs

I Project Explorer X

15 RZN2L_OPC_V1.0.0

(&0 P&

070,54

Run  Window Help
Renesas Debug Tools

Shift+F5

Q, Run Ctrl+F11

1§ Debug F11
Run History

© RunAs

Run Configurations...

Debug History

Building file: ../OPC_UA_SERVE
../OPC_UA_SERVER/open62541.c
Building target: RZN2L_OPC_V1.
arm-none-eabi-objcopy -0 ihex
arm-none-eabi-size --format=be
text data bss de
732590 13916543 1282566 1%

16:05:28 Build Finished. @ err

Bl] = concoe x| 2 o
ICDT Build Console [RZN2L_OPC_V1.0,0% . 5
++/UPLC_UA_SERVER/namespace_) Debug Configurations...

Breakpoint Types

gle Breakpoint Ctrl+Shift+B

@ Skip All Breakpoints
% Remove All Breakpoints

Q, External Tools

= X
rla 9% | 2B IR Q-
x Q E| mucs 17T
= 0O g PPV |=Disassem X | = O
ter location here
No debug context
v XL oBlEE-aEre-8-=01
~
©.hex"
v

Y

Fig 4-6 Open Debug Configurations...

Operations when starting the debugger for the first time after importing a project

Only when importing a project and launching the debugger for the first time, the following operations should

be performed.

+  Create RZ***_OPC_V*** Debugllocal]

- Select Target Device
+  Debut Tool Settings

See the following explanation for details.
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Create RZ***_OPC_V*** Debugllocal]
Double click on Renesas GDB Hardware Debugging to generate RZ***_OPC_V*** Debug][local]

a.

&) Debug Configurations O X

Create, manage, and run configurations

E B 7~

v

Configure launch settings from this dialog:

|?,-pe filter text

- Press the 'New Configuration’ button to create a configuration of the selected type.

[c] ¢/C++ Application

[E] €/C++ Remote Application
1= EASE Script

[£] GDB Hardware Debugging
GDB OpenOCD Debugging

5] GDB Simulator Debugging (RHBS0) 3 - Press the 'Delete’ button to remove the selected configuration.

] Java Applet /' - Press the Filter' button to configure filtering options.

l; tava A:Félcatlon - Select launch configuration(s) and then sel...ink Prototype’ menu item to link a prototype.
aunch Group

T Remoiel L - Select launch configuration(s) and then sel...k Prototype’ menu item to unlink a prototype.

- Press the 'New Prototype' button to create ...configuration prototype of the selected type.
- Press the 'Export’ button to export the selected configurations.

=| - Press the ‘'Duplicate’ button to copy the selected configuration.

Enees T

<
Filter matched 12 of 14 items

[c¥| Renesas GDB Hardware Debugging

T - Select launch configuration(s) and then sel...es' menu item to reset with prototype values,
3 )

Edit or view an existing cenfiguration by selecting it.

Configure launch perspective settings from the 'Perspectives’ preference page.

@ Debug Close
Fig 4-7 Debug Configurations(1)
b. Select Target Device
Click on the Debugger tag in the displayed dialog and select Target Device.
8 Debug Configurations o g

Create, manage, and run configurations

2 X B 7 -

[E] €/C++ Application
[£] /C++ Remote Application
5/ EASE Script
[£] GDB Hardware Debugging
[E] GDB OpenOCD Debugging
[E¥ GDB Simulator Debugging (RHES0)
[ Java Applet
[T Java Application
A Launch Group
T Remote Java Application
v [£7 Renesas GDB Hardware Debugging
67 ~ RZN2L_OPC V1.0.0 Debug [local]
[E5] Renesas Simulator Debugging (RX, RL78)

Filter matched 13 of 17 items

Name: | RZN2L_OPC_V1.0.0 Debug |

) Mein [ESIBBENER o Stertup| [ Common| s Source

Debug hardware: | J-Link ARM ~ | Target Devic A RIAOTGOB4MO4

GDB Settings  Connection Settings  Debug Tool Settings

GDB Connection Settings

(®) Autostart local GDB server

(O Connect to remote GDB server GDB port number

Host name or [P address:

‘Connection timeout (s):

30

GDB

GDB Command: |arm-none-eabi-gdb
[ Step Mode

Browse... | | Variables...

Additional GDB Server Arguments

Close

Fig 4-8 Debug Configurations(2)
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RZ/N2L : Select ROA07G084M04 and click OK.

& | X 8 O %
Device Selection Device Selection
You can filter devices by regular You can filter devices by regular
ExXpression expression
Search Device Search Device
Device Device A
v RZ RZ/GIM
RZ/A1 RZ/GIE
RZ/T1 ~w RZ/RZT2M
RZ/T1-M ROAOTGOTSMO1
RZ/A2 ROAOTGOTSMOS
RZ/GIM ROAOTGOTSM21_CPUD
J’G : RIA07GO7SM21_CPU
RZ’{ ! ROAOTGOTSM22_CPUO
v RZ/RZ ROAOTGOTSM22_CPU
ROADTGUBAMOB
EC-1 RoAOTGOTSM26_CPUO
ROAOTGOTSM25_CPU v
@ o] :
@ Conce @ L x D o
Fig 4-9 Debug Configurations(3)
c. Debug Tool Settings
Click the Debut Tool Settings tag and write 400 at Operating Frequency [MHZ].
& Debug Configurations m] x

Create, manage, and run configurations

I FeERX BT

I |
[€] C/C++ Application
[E] C/C++ Remote Application
57 EASE Script
[£] GDB Hardware Debugging
[£] GDB Open0OCD Debugging
[E] GDB Simulator Debugging (RH850)

Name: |RZN2L_OPC_V1.0.0 Debug |
) Main [ESIBEBNEERY & Stortup| [ Common| %, Source

Debug hardware: |J-Link ARM ~  Target Device:  RIAD7GOB4MO4

GDB Settings  Connection SettingN\Debug Tool Settings.

Flash Memory Type ~
WorkRam Start

] Java Applet
7] Java Application

WorkRam End

Erase on-chip program flash before download No v
{3 Launch Group Erase on-chip data flach before download ~ No v
[T, Remote Java Application Use CFl-Flash Ne v
« [7] Renesas GDB Hardware Debugging CFl Start =0
&7 * RZN2L_OPC_V1.0.0 Debug [local] CFIEnd .
7 Renesas Simulator Debugging (RX, RL78) + Semihosting
Semihosting breakpeint address
~ RTOS
RTOS Integration in Debug View Ves v
RTOS Debugging - Large Number of Threads. No v
~ System
Allow caching of flash contents. Yes v
~ Time Measurement
Run Break Time Measurement Yes v
Count Every Core Cycle v
Operating Frequency [MHz] v
Rev Apply
Filter matched 13 of 17 items

Fig 4-10 Debug Configurations(4)
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d. Run Command Setting

Click the Startup and Add the Run Commands: “source rzn2l_xspi0_x1_boot.cfg”.

”

Click on "Debug" to start the download. Continue to Fig 4-14 for instructions.

Main | %3 Debug -ii Common | B Source

Lead image and symbols

Filename

Program Binary [RZM2L... Image and Symbels 0 Yes

Load type Offset (hex)  On connect

Runtime Options

[15et program counter at (hex):

Set breakpoint at:

[ Resume

main

Add...
Edit..
Remaove
Move up

Move down

source rzn2l_xspid_x1_boot.cf

4.3.3 Debug

Fig 4-11 Debug Configurations(4)

The download procedure after completing the build is shown below.

At the second and subsequent debugger launches, click the Run menu with the project name selected in the
C/C++ view. Place the cursor on "Debug As" and click on "Renesas GDB Hardware Debugging".

8 workspace_N2L_1.1 - RZN2L_OPC_V1.0.0/rzn/fsp/src/bsp/cmsis/Device/REMaSikaauce/startup.c - ¥ studio
File Edit Source Refactor Navigate Search Project Renesa: w Help
& || 4 || ® | 4 Debug v || E9 RzN2L_oPC_v1.0.0 D2 Fhesas Debug Tools PhiDi%wie

B Project Explore X [iiadiis]

< 15 RZN2L_OPC_V1.0.0 [Debug

<

S Fi@ @ vid> Resume MORdN - s
startupc X - =g =
asm volz 75 =
o
e =
m¢ -
softy &
2 No debug context
a
br
332 %
#endif
c#if 1
—asmvoliq pun Ctrl+F11
14§ Debug m
[ ump _atam_:
) Run History >
>
_asn vor AR
“sram  Run Configurations.. v
< >
—_— e U 2 -t
o 0/t
(22 M | © Console X | (0] 70471 (rpue 31 £ 1 GDB OpenOCD Hardware Debugging (DSF)
<terminated> RZN2L_ OPC_V1.0.0 Debug [RY ~ ~ E¥ 2608 Simmlotor Deb e
B Fo R BRETS Configurations.. = imulator Debugging (RHES0)
Breakpoint Types > LAl
ot (C) 4 Renesas GDB Hardware Debugging |
- oK © Toggle Breakpoint Cri+Shift+B o — — ‘

SU0-FRT
N=F917- T =D#A U NP R Aex780f3 jle Watchpoint

N=FIIP- TL-DRA U MEP KL Aex103b8: Toggle Method Breakpoint
N=FO1P- TV -Dit s MEP L2 ex78e10!
By bT Ry RSN L.

Toggle Line Breakpoint

Skip All Breakpoints

°
)
% Remove All Breakpoints
Q

External Tools 23 15 RZN2L_OPC_V1.0.0

. X
BN H-Q-

B8 C/Ces | 45 71097

= Disassembl X | = B

n here

Fig 4-12 Run menu Debug As
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Download the program to the flash memory. (It will take a few minutes.)

ile Edit Source Refact: N ate Search n t Renesas Views Rul
& |[#|[ @] |45 Debug v || €9 RzN2L_OPC_v1.0.0 Debug v (mhd B-R-@ D% 0o N BiR[w-C
B F E S G ™ - §l- AR AR . Q i ®||Eacs] s

¥ Disassembl X [ =

startup.c X =0 =Pk |E

5 & __asm volatile ( ~ BT T e
v mov re, #0 \n"
15 RZN2L_OPC_V1.0.0 [Debug moxn rl, $exforf \n* = =

movt rl, #@x2fa \n" - o

"software_loop: \n” 8
adds re, #1 \n" No debug context
cmp re, ri \n"
bne  software_loop \n"

1:: “memory”);

#endif
c#if 1
_asm ! E

“ai

- compare [N 218% 4.336s

% Erase | 00% it

)5

Program | 00%
asm | i 7
—==y Veiity [ 00% @
< | Compating range 0x70620000 - 0x7063FFFF (128 KB) 43365 | 2
[£ M8 | © Console x | F0/71— @ AX-hT597- [ Z3-HI=27)k 15 Debug xpEREErB-8-=

RZN2L_OPC_V1.0.0 Debug [Renesas GDB Hardware Debugging] [pid: 8]
R9OAB7GEB4MR4 AIEFE, ARM Target

GDBServer IUT47. s UhL

I3l -R-NoOTRitE : Off

< >«

5 RN2LOPC 00

Launchina RZN2I OPC V._ehua: (R7%) B 5

Fig 4-13 Download

Click Switch to change to debug view.

& Confirm Perspective Switch x

‘e‘ This kind of launch is configured to open the Debug perspective when it suspends.

This Debug perspective supports application debugging by providing views for
displaying the debug stack, variables and breakpoints.

Switch to this perspective?

] Remember my decision

e
Coe ) =

Fig 4-14 Perspective Switch

The CPU automatically extracts the loader program included in the download data to the BTCM. After
extraction, it breaks in system_init() at the beginning of the initialization on the loader program.

- In case of operating the SOM Kit alone without using the debugger, turn off the board power supply,
disconnect the debugger cable, and then turn on the board power supply again.

When using the debugger, click the "reset" % icon and then "resume" [P after switching to the Debug
screen.
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@ workspace N2L_1.1 - RZN2L_OPC_V1.0.0/rzn/fsp/stc/bsp/cmsis/Device/RENESAS/Source/startup.c - e studio

File Edit Source Refactor Navigate

(%] [%] (8] o
&H&v%"l

45 Debug X =}

38 arm-none-eabi-gdb (7.8.2)
48 Renesas GDB server (Host)

= X
Search Project RenesasViews Run Window Help
v || E¥ RZN2L_OPC_V1.0.0 Debug v 9~ LR S R .| i = &
FRAS® IS~ MR CE R R, Q ®| mac 357
[4 startup.c X = 0 =V %8B =D 4P GE|e®E X | ¥ = 0O
__asm volatile ( ~ w % % v_‘ D ‘pcyaoko/‘g | %‘ Tt
moy re, #0 \n" |
movw rl, #exferf \n” Type Address
movt rl, #ex2fa \n"
> B Tr
"software_loop: \n" (8 Trace Start
adds re, #1 \n" [J @ Trace Stop
cmp  re, ri \n" [0 ® Trace Record
bne  software_loop \n" [ €0 Event Break
- : "memory”); 1% SimerStart
#endi =
S#if 1 O Timer Stop
__asm volatile (
"atem_init: \n"
" 1dr re, =bsp_atcm_init \n"
blx re \n" /* Jump to
)
__asm volatile (
"sram_init: \n"
" 1dr re, =bsp_sram_init \n"
blx re \n" ump to
H < -
v
Lt > Project Saved Templates
CRCUEEN i\i Registers (1) 7/(v7- Y1)l (2] 3% &R Debugger Console @ AY—h-T571~ € Trace [J Memory SHE
Ul | REREE 208
IRZN2L_OPC_V1.0.0 Debug [Renesas GDB Hardware Debugging] [pid: 8]
Sy MEERT ~
GDB: 63963
S-FyMEEIRR - ok
S-FyMEEIRR - ok
S0 FRE >
enlo e >

Fig 4-15 Break at system_init()
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>

After completing initialization, the loader program stops at the beginning of main(), Then, click "resume"
to return to the running state.

@ workspace N2L 1.1 - RZN2L_ OPC V1.0.0/rzn_gen/main.c - €? studio . X
File Edit Source Refactor Navigate Search Project RenesasViews Run Window Help
| | |35 || ® | 4 Debug v || B9 RZN2L_OPC_V1.0.0 Debug Gk B-QR-@ D% . BNID i &
R/ B - QBRI RS D I O™~ v Bl R NS RN § Q ®| e {5 T
ug X [@ startup.c | [ mainc X ®=V 9 ByP GLE[e®E x| >
4% Deb: = o = 3] V 9B =D 5P GLE|e®E L )
B i» § - a ~ w X % | Pc3soAo/a | 8 | %
« [ RZN2L_OPC_V1.0.0 Debug [Renesas { nt main(void) 3
i Type Address
v & RZN2L_OPC_V1.0.0.elf [1] [cores: § P fee T T LT = G T
v of® Thread #11 (single core) [core] g < B TceS
= main) at main.c:82 0x103b8 [ Tiace Shop
S [0 ® Trace Record

o make

g_fsp_common_initialized_semaphore = [J €9 Event Break
= #if configSUPPORT_STATIC_ALLOCATION Ok imerstan
xSemaphoreCreateCountingStatic( Timer Stor
S #else O -
xSemaphoreCreateCounting (

s} arm-none-eabi-gdb (7.6.2)
» Renesas GDB server (Host)

#endif
256,
1
= #if configSUPPORT_STATIC_ALLOCATION
, 8g_fsp_common_initialized_semaphore_men
#endif
)

©  if (NULL == g_fsp_common_initialized_semaphore)
rtos_startup_err_callback (g_fsp_common_initialized_semaf v >

> Project Saved Templates

<
i Registers (1) 7/(»7-yx)b [2) M ] Debugger Console @ AV-h-T57Y~ g Trace [J Memory

0x00103b82 @ ons @ Pmu R0

Fig 4-16 Break at main()
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4.4 OPC UA Communication Check
Launch UaExpert
Open Windows Start menu and B cick UaExpert

B UaEspert

B HANGELOG
‘ LibxmI2_License
i OpenS5L License

‘ Qt_License

ﬂ QWT_License

B reapme

B8 UnifiedAutomation Software Licens...

Website

Fig 4-17 Launch UaExpert

Add OPC UA server
Click ® on the tool bar in UaExpert.

Open the Advanced tab, set the “Endpoint Url” to "opc.tcp://192.168.10.100:4840", select “Anonymous”.
Check "Connect Automatically” and then click OK at the end.

|
DePBER@E) o x4 ile o
Project & x| Dats Access View
1[0
v [ Project
B Projec B Add Server ? ®

B Servers
~ [ Documents
3 Data Access View

Ganfiguration Name |OFC*Server@IQZ 162.10.100]

FKI Store Default ~

Address Space Sarver Information

Endpoint Url < opctep//192.168.10.100:4840) >

Reverse Connect O

Security Settings

Security Palioy Nane v
Message Security
Mode None. v

Authentication Settings

Usermame Store

Pazzuord
Gertificate
Private Key

Session Settings

Gonnect Automatically

)

Fig 4-18 UaExpert Add server
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When the OPC UA server is connected, an indicator icon % is displayed in the “Project” window to show that
the server is connected. “Renesas” displayed under the Object tree in the “Address Space” window is an

object of OPC UA server.

' Unified Automation UaExpert - The OPC

File View Server Document Settir

DPBBO * -

Project g x

~ (3 Project
v A Servers
12y OPC-Server@192.168.10.10
v A Documents
[J Data Access View

£ >

Address Space 8 x
3 Mo Highlight

i) Root

~ [ Objects
|2 Renesas
o Server
123 Types
12 Views

Fig 4-19 UaExpert OPC UA server connection

As shown in the following figure, drag and drop the Root>Objects>Renesas>AnalogData node in the
“Address Space” window to the “Data Access View” window to change the value in the Value column.

The value repeatedly changes in the range of -5.0 ~ 5.0.

12y OPC-Server@192.168.10.1
v [ Documents
[1 Data Access View

<

Address Space g %
| No Highlight
12 Root
v [ Objects
~ I Renesas
% Server
12D Types
2 Views

Project A X  Data Access View
v [A Project # NMode Id Display Name Malue Source Timestamp Server Timestamp Statuscode
v [ Servers 1 NS1Numenic|5008__AnalogDats 47300 Float

Fig 4-20 AnalogData value reading
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5. Appendix

5.1 File Generation of open62541

The open source open62541 is used for the OPC UA stack of this sample software. To run open62541 in a
freeRTOS + LwIP environment, the following link recommends an approach to generate open62541.c and
open62541.h using CMake, which is also used in this sample software.

Building open62541 — open62541 1.3.0-dirty documentation

This chapter describes the procedure for generating open62541 and Renesas sample information models as
files for e? studio execution in a Windows 10 environment. Here Window 10 version 1903 or later (OS Build
19044.2965) is used, in which WSL2 is executable.

5.1.1 Linux environment Setup

Set up a Linux environment to run CMake. In this document, we will run CMake on a Linux (Ubuntu 18.04)
environment installed using WSL2 with reference to the following linked pages.

(Reference) Manual installation steps for older versions of WSL | Microsoft Learn

1) Launch PowerShell as Administrator. Search PowerShell > right-click > Run as Administrator

2) Enter the following command to enable the Windows Subsystem for Linux.
dism.exe /online /enable-feature /featurename:Microsoft-Windows-Subsystem-Linux /all
/norestart

The operation completed sfully.
o E] fonline /enable-feature /featurename:VirtualMachinePlatform /all /norestart

Deployment Imag ng and Management tool
Version: 1@.0.19841.8.

Image Version: 10.8.19244.2965

feature(s

Fig 5-1 Microsoft-Windows-Subsystem-Linux

3) Enter the following command to enable the virtual machine platform feature:
dism.exe /online /enable-feature /featurename:VirtualMachinePlatform /all /norestart

The operation comp s ully.
PS C:\WINDOMW > di fonline /enable-feature [featurename:VirtualMachinePlatform fall /norestart

and Management tool
[Version: 10.0.19041.844

Image Version: 10.8.19044.2965

Fig 5-2 VirtualMachinePlatform

4) Restart your PC and complete the WSL installation.
5) Download and run the WSL2 Linux kernel update package for x64 machines below.
WSL?2 Linux kernel update package for x64 machines
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8 Windows Subsystem for Linux Update Setup - X

Completed the Windows Subsystem for Linux
Update Setup Wizard

: Click the Finish button to extt the Setup Wizard.

Fig 5-3 wsl_update_x64.msi

6) Run the following command to set WSL 2 as the default version.
wsl --set-default-version 2

7) Download Linux distribution. Here download Ubuntu 18.04 below.
Ubuntu 18.04

8) Go to the folder containing the downloaded file and execute the following command.

Add-AppxPackage . \Ubuntu_1804.2019.522.0 x64.appx

9) Double-click Ubuntu_1804.2019.522.0_x64.appx to install.

- o x
Ubuntu 18.04 LTS £/ YAM-IWLETH? [ goey
Microsoft Store 7J1) .(3
FfT7E: 23596F84-C3EA-4CDE-ATDF-550DCE37BCDO L ﬂ
{373 1804.2019.522.0
- IRTOYATA VY-AEERT
0]

Fig 5-4 Ubuntu Install

10) Set the Linux username and password.
(Reference) Set up a WSL development environment | Microsoft Learn

) Ubuntu 18.04 LTS
nstalling nis ma

rname does not need to match wour Windows username.

Fig 5-5 UNIX username
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5.1.2 Install CMake
11) Execute the following Linux command to update apt-get

sudo apt-get update

$ sudo apt-get update
ubuntu.cem/ubuntu b
ubuntu. com

ubuntu. com
ubuntu.com
amd64 Packa
ubuntu. com e ation-en [
curity.ubuntu.c

:10 http://sec ntu. i /restricted Translation-en [182 kB]
11 http: i e amd64 Pa [151 kB]
:12 http:/ curi ity/universe amd
3 http:
http: com/ubuntu bionic-updat
http: curi ntu.com/ubuntu bi

6 http://security.ubuntu.com/ubuntu biol
http: i ubuntu fubuntu bi

bi.
bi
bi
bi.
bi
bi
bi.
bi
bi
bi

Fig 5-6 apt-get update

12) Execute the following Linux command

sudo apt-get install git build-essential gcc pkg-config cmake python

sential gec pkg-config cmake python

r required

t.
ges will be
x86-64-1

Suggested pa:
wtils-doc cmake-doc n ild c ian-keyring gr+-multilib g++-7-multilib gec-7-doc
libstdc++6- gec-multilib autoconf automa n gdb gcc cc-7-multilib 1i c1-db,
libgompl-dbg libitmi-dbg libatomicl-dbg liba g 1i bg 1libt
i dbg 1ibqu bg git-daemon-run | git it git-doc gi
it-mediawiki git-svn lrzip gli ~doc make-doc pyth

followi 3
wtils binuti inuti ntial cmake cmal

Fig 5-7 install

When the following screen appears during the process, select OK.

@ e scenTD: -

Configuring libssli.1:ondsd |

There are services installed on your systes which need to be restarted when certain Libranies, such as libpam, libc, and libssl, are upgraded.
Since these restarts may cause interruptions of service for the systen, you will normally be prompted on each upgrade for the list of services
you wish to restart. You can choose this option to avoid being prompted; instead, all necessary restarts will be done for you automatically so
you can avoid being asked questions on each library upgrade

Restart services during package upgrades without asking?

evess

Fig 5-8 restart
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13) Execute each of the following commands.

sudo apt-get install cmake-curses-qui # Needed for CMAKE GUI
sudo apt-get install libmbedtls-dev # For encryption

sudo apt-get install liburcu-dev # For multithreading

sudo apt-get install check # For unit tests

sudo apt-get install python-sphinx graphviz # For doc generation

sudo apt-get install python-sphinx-rtd-theme # For doc's style

c++ (ca+) in auto mode

Fig 5-9 install

5.1.3 open62541 File Generation
14) Clone open62541 to any folder

git clone https.//qithub.com/open62541/open62541.qit

Fig 5-10 git clone

15) Go to /open62541 directory and check out the specific version (here, version v1.3.4-564-
gb7e5e49f3).

cd open62541/

git log -1

git checkout b7e5e49f32d00490be74c2eacef892c7fbd0be60
git submodule init

git submodule update
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(HEAD ->

Julius Pfr eply.github.com>
Fri Jul 14 1

modules

7ce@ec5d703cbad”

ply.github.com>

[ci skip] Pack with inline submodules

Fig 5-11 git submodule

16) Open the Linux folder from File Explorer. Confirm that CMakeLists.txt is present in

/home/(username)/open62541 directory. Copy the following four patch files obtained by unzipping

patch_open62541.zip attached to the sample software to this directory.
CMakelLists.txt.patch
Opc.Ua.NodeSet2.Reduced.xml.patch
Opc.Ua.Renesas.NodeSet2.xml
patch.sh

~ Na
Name

v Q Linux

v Ubuntu-18.04 _| datatypes_dataaccess.txt.patch-Zone.|dentifier

_| include-bacnet-xmis.patch- Zone.ldentifier

_| Opc.Ua.NodeSet2 Reduced.xml.patch-Zone.ldentifier
boat ] CODE_OF CONDUCT.md
dev | CONTRIBUTING.md
et ] FEATURES.md

v home _| ISSUE_TEMPLATE.md

ADME cod

v sV
v~  openb2541 2 CMakeliststxtpatch

azure-pipelines 2 Opc.Ua.NodeSetz Reduced.xml.patch
_| Ope.Ua.Renesas.ModeSet2.xml

git
g B patch.sh

github —_—
1 appveyoryml

_| azure-pipelinesyml
debian ) CMakeLists.txt

arch

deps 8 cppeheck-suppressions.txt

Fig 5-12 Copy patch files

17) Execute following command in /open62541 directory

bash patch.sh

Fig 5-13 patch command
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18) Compile the library according to the standard procedures of the cmake project. Create
/open62541/build directory and run cmake . (Some items will be Failed, but there is no problem.
(Some items will be Failed, but that is not a problem.)

mkdir build && cd build

cmake ..

Fig 5-14 cmake

19) Execute the following command to start the ccmake setting window.

ccmake ..

20) Change the settings as follows, and after executing [c] to configure, close it by [q] to quit without
generating.

Fig 5-15 ccmake

21) Execute the following command to make in the /open62541/build directory. The make process will
finish with an error, but it does not matter.

make -j
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home/ o000 /tst/open62541/bui ld

Fig 5-16 make

22) Confirm that the following files are generated in /opn62541/build and /src_generated/open62541
directories.

® open62541.c
® open62541.h
® namespace_renesas_generated.c

e namespace_renesas_generated.h

_instal | .cmak

Fig 5-17 Generated Files

23) Create a folder in the IDE project and import the generated files into the project as shown in the
figure. Where OPC_UA_SERVER is the file created under the e? studio project.
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v = RZN2L OPC V1.00
g;-? Binaries
i Includes
~ 5 OPC_UA_SERVER

[€] namespace_renesas_generated.c
[ namespace_renesas_generated.h
@ openg2s4l.c
I open62541.h

B rzn

3 rzn_cfg/faws

2 rzn_gen

B src

23 user/oss/amazon-freertos/libraries/3rdparty/Iwip_osal/src

2 user/oss/lwip

2 userfrenesas

= Debug

= rzn_cfg

= script

(= user

% configuration.xml

RZNzL_OPC_BGW_V1.0.0 Debugjlink
RZN2L_OPC V1.0.0 Debug.jlink
|| RZN2L_OPC Debug.jlink

Fig 5-18 Import

5.1.4 Changes in Generated Files

Several changes have been made to the open62541.c, h file generated by this procedure.

shown in Fig 5-19 and Fig 5-20.

The changes are

/% Disabl urwty warnings for BSD sockets on MSVC *, % Disable security warnines for BSD sockets on MSVC x/
ER) &% Idef ined(_CRT_SECURE_NO WARNIN(“ #wf def ined( MSC VER) && !def ined(_CRT_SECURE_NO_WARNINGS)
_S| URE -_NO_WARNINGS # def ine _CRT_SECURE_NO_ARNINGS
fendif
#include “open62541.h” #include ©
#mc\ude “strings.h”
/%0xk amalganated original file “/deps/oper62541_aueue.h” ikk/ /50K amal gamated original file “/deps/openB2541_aueue.h” *rkx/

queue.h,v 1,38 2013/07/03 15:05:21 fesch Exo § ¥/ /% $0penBSD: queue.h,v 1.38 2013/07/03 15 1 fasch E><9$ *
: aueue.h,v 1.11 1996/05/16 05:17:14 mycroft B@ § %/ 7% $NetBSD: queue.h,v 1.11 1996/05/16 05:17 mycroft Exp *
Fig 5-19 Difference in open62541.c
Jxxex amalgamated original file “/arch/freertoslWIP/../common/ua_freeRTOS.h" sxxx/ Jxeex amal gamated original file “/arch/freertosLWIP/. . /common/ua_freeRTOS.h" xxxx/
/% This work is licensed under a Creative Commons CCZero 1.0 Universal License. /% This work is licensed under a Creative Commons CCZero 1.0 Universal License.
® See http://creativecommons.org/publicdomain/zero/1.0/ for more information. * See http://creativecommons.org/publicdomain/zero/1.0/ for more information.
® *
*/ Copyright 2018 (c) Jose Cabral, fortiss GmbH */ Copyright 2018 (c) Jose Cabral, fortiss GmbH
*, %
#ifndef ARCH COMMON_FREERTOSB2541 H #ifndef ARCH_COMMON_FREERTOSB2541 H_
fdef ine ARCH_COMMON_FREERTOS62541_H_ fdefine ARCH_COMMON_FREERTOS62541 H_
#include <stdlib.h> #include <stdlib.h>
#include <string.h> #include <string.h>
#include “heap_alloc.h”

#ifdef BYTE_ORDER f#ifdef BYTE ORDER
# undef BYTE_ORDER # undef BYTE_ORDER
end i end i

Fig 5-20 Difference in open62541.h
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5.2 FSP Configuration for VSC8531 and SSC port

RZ/N2L Industrial Network SOM Kit has VSC8531 as PHY chip.
If reconfiguring by latest FSP, FSP configuration and source code needs to change from default.

In addition, since interrupts are used for 10 control, SSC port driver also needs to change.
(1) Regenerate source files by lates FSP
Remove the following four folders. After that, open the project according to section 5.
- When using e2studio, \project\rzn2l_som\ecat_|O\e2studio

- When using EWARM, \project\rzn2|_som\ecat_|O\ewarm

rzn

rzn_cfg
rZn_gen « Remove these folders

sCript
&rc

Figure 5-1 Remove folder generated by FSP

(2) Change ethernet driver configuration for VSC8531

Configure g_ether_phy0 Ethernet Driver on r_ether_phy for VSC8531 as shown in Figure 5-2.
Configuration value for VSC8531 shows in Table 5-1.

o *[RZN2L_STAMP_OpENer single] FSP Configuration >{ =8 B Properties
Stacks Configuration 0 g_ether_phy0 Ethernet Driver on r_ether phy
Generate Project Content
ettings Property Value
Thread 4| New Thread g_ether( Ethernet Driver on 4| New Stack » w Commen
3| Remove [ r_ether Stacks | Remove Select PHYs to use
= ALC Parameter Checking Default (BSP)
v /Common R
8 g ioport /0 Port Driver on P g_etherd Ethemet Driver on r_ether w Maedule g_ether_phy( Ethernet Driver on r_¢
g_leport Name g_ether_phy0
~ @& Main Thread Ch &
. : annel 10
"3? g_ether0 Ethernet Driver on @ PHY-LS| Address ]
@ g uarth UART Driver on r_sc ry PHY-LS| Reset Completion Timeout  Cx0D020000
42 Heap4 ' :
eap p—— ] Flow Contrel £ Disable
4 g_iZc_masterd 12C Master D 4 g_ether_phyD Ethernet & Add Ethernet PHY 5 Add Etherne Port Tepe ‘ét‘hemet
Driver on r_ether_phy Driver chl Driver ch2
| Select PHY VSCa541
(i) Select MDIO type GMAC
= Y a Auto Megotiation onN
Speed 10/100/1000M
. @ g_ether_selectord Duplex FULL
Objects & New Object > Ethernet Driver on Reset Port 12
r_ether_selector
Reset Pin 4
® Reset assert time 15000

< >

Summary | BSP | Clocks | Pins | Interrupts | Event Links | Stacks | Components

Figure 5-2 Ethernet Driver Configuration for VSC8531 (e.g. ETHO)

Table 5-1 FSP Configuration Value for VSC8531

Items Default value Config value for VSC8531
ETHO ETH1
PHY-LSI Address 0 0 1
Select PHY Default VSC8541 VSC8541
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(3) Add initialization code for VSC8531

The following code for VSC8531 initialization should be added to “ether_phy_targets_initialize_vsc8541”
function in rzn/fsp/src/r_ether_phy/r_ether_phy.c.

The inclusion of “board_som.h” is aiso required for code activation.

[#include "board_som.h"

~~ Omission ~~

void ether_phy_targets_initialize_vsc8541 (ether_phy_instance_ctrl_t * p_instance_ctrl)

{

~~ Omission ~~

/* LED Behavior */
reg = ether_phy read(p_instance_ctrl, ETHER_PHY_REG_LED BEHAVIOR);
reg &= ~(1U << ETHER_PHY_REG_LED®_FEATURE_DISABLE_OFFSET);
reg |= 1U << ETHER_PHY_REG_LED1_FEATURE_DISABLE_OFFSET;
ether_phy_write(p_instance_ctrl, ETHER_PHY_REG_LED_BEHAVIOR, reg);
#if defined(BOARD_RZN2L_SOM_KIT) /* for VSC8531 */
/* select extended page 2 register */
ether_phy _write(p_instance_ctrl, ETHER_PHY_REG_EXTEND_GPIO_PAGE, 0x02);

/* read WolL and MAC Interface Control */
reg = ether_phy_read(p_instance_ctrl, ox1b);

/* set control to slow */
reg &= OXFF9F;
ether_phy _write(p_instance_ctrl, 0x1lb, reg);

/* Configure RX_CLK delay and TX_CLK delay to 2.@ns */
ether_phy write(p_instance_ctrl, ETHER_PHY_REG_EXPAGE2_RGMII_CTRL, 0x0044);

/* select extended page 9 register */
ether_phy_write(p_instance_ctrl, ETHER_PHY_REG_EXTEND_GPIO_PAGE, 0x00);
#endif

} /* End of function ether_phy targets_initialize() */

Revision History
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General Precautions in the Handling of Microprocessing Unit and
Microcontroller Unit Products

The following usage notes are applicable to all Microprocessing unit and Microcontroller unit products from Renesas. For detailed usage notes on the
products covered by this document, refer to the relevant sections of the document as well as any technical updates that have been issued for the products.

1.

Precaution against Electrostatic Discharge (ESD)

A strong electrical field, when exposed to a CMOS device, can cause destruction of the gate oxide and ultimately degrade the device operation. Steps
must be taken to stop the generation of static electricity as much as possible, and quickly dissipate it when it occurs. Environmental control must be
adequate. When it is dry, a humidifier should be used. This is recommended to avoid using insulators that can easily build up static electricity.
Semiconductor devices must be stored and transported in an anti-static container, static shielding bag or conductive material. All test and
measurement tools including work benches and floors must be grounded. The operator must also be grounded using a wrist strap. Semiconductor
devices must not be touched with bare hands. Similar precautions must be taken for printed circuit boards with mounted semiconductor devices.
Processing at power-on

The state of the product is undefined at the time when power is supplied. The states of internal circuits in the LSI are indeterminate and the states of
register settings and pins are undefined at the time when power is supplied. In a finished product where the reset signal is applied to the external reset
pin, the states of pins are not guaranteed from the time when power is supplied until the reset process is completed. In a similar way, the states of pins
in a product that is reset by an on-chip power-on reset function are not guaranteed from the time when power is supplied until the power reaches the
level at which resetting is specified.

Input of signal during power-off state

Do not input signals or an 1/0 pull-up power supply while the device is powered off. The current injection that results from input of such a signal or /0
pull-up power supply may cause malfunction and the abnormal current that passes in the device at this time may cause degradation of internal
elements. Follow the guideline for input signal during power-off state as described in your product documentation.

Handling of unused pins

Handle unused pins in accordance with the directions given under handling of unused pins in the manual. The input pins of CMOS products are
generally in the high-impedance state. In operation with an unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of
the LSI, an associated shoot-through current flows internally, and malfunctions occur due to the false recognition of the pin state as an input signal
become possible.

Clock signals

After applying a reset, only release the reset line after the operating clock signal becomes stable. When switching the clock signal during program
execution, wait until the target clock signal is stabilized. When the clock signal is generated with an external resonator or from an external oscillator
during a reset, ensure that the reset line is only released after full stabilization of the clock signal. Additionally, when switching to a clock signal
produced with an external resonator or by an external oscillator while program execution is in progress, wait until the target clock signal is stable.
Voltage application waveform at input pin

Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the CMOS device stays in the area between Vi
(Max.) and Vin (Min.) due to noise, for example, the device may malfunction. Take care to prevent chattering noise from entering the device when the
input level is fixed, and also in the transition period when the input level passes through the area between ViL (Max.) and Vi (Min.).

Prohibition of access to reserved addresses

Access to reserved addresses is prohibited. The reserved addresses are provided for possible future expansion of functions. Do not access these
addresses as the correct operation of the LSl is not guaranteed.

Differences between products

Before changing from one product to another, for example to a product with a different part number, confirm that the change will not lead to problems.
The characteristics of a microprocessing unit or microcontroller unit products in the same group but having a different part number might differ in terms
of internal memory capacity, layout pattern, and other factors, which can affect the ranges of electrical characteristics, such as characteristic values,
operating margins, immunity to noise, and amount of radiated noise. When changing to a product with a different part number, implement a system-

evaluation test for the given product.



Notice

1. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products
and application examples. You are fully responsible for the incorporation or any other use of the circuits, software, and information in the design of your
product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by you or third parties arising from the use

of these circuits, software, or information.

2. Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights,
or other intellectual property rights of third parties, by or arising from the use of Renesas Electronics products or technical information described in this
document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application examples.

3. Nolicense, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics

or others.

4. You shall be responsible for determining what licenses are required from any third parties, and obtaining such licenses for the lawful import, export,
manufacture, sales, utilization, distribution or other disposal of any products incorporating Renesas Electronics products, if required.
5. You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any
and all liability for any losses or damages incurred by you or third parties arising from such alteration, modification, copying or reverse engineering.
6. Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for
each Renesas Electronics product depends on the product’s quality grade, as indicated below.
"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home
electronic appliances; machine tools; personal electronic equipment; industrial robots; etc.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key

financial terminal systems; safety control equipment; etc.

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not intended or authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause serious property damage (space
system; undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics
disclaims any and all liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product
that is inconsistent with any Renesas Electronics data sheet, user's manual or other Renesas Electronics document.

7. No semiconductor product is absolutely secure. Notwithstanding any security measures or features that may be implemented in Renesas Electronics
hardware or software products, Renesas Electronics shall have absolutely no liability arising out of any vulnerability or security breach, including but
not limited to any unauthorized access to or use of a Renesas Electronics product or a system that uses a Renesas Electronics product. RENESAS
ELECTRONICS DOES NOT WARRANT OR GUARANTEE THAT RENESAS ELECTRONICS PRODUCTS, OR ANY SYSTEMS CREATED USING
RENESAS ELECTRONICS PRODUCTS WILL BE INVULNERABLE OR FREE FROM CORRUPTION, ATTACK, VIRUSES, INTERFERENCE,
HACKING, DATA LOSS OR THEFT, OR OTHER SECURITY INTRUSION (“Vulnerability Issues”). RENESAS ELECTRONICS DISCLAIMS ANY AND
ALL RESPONSIBILITY OR LIABILITY ARISING FROM OR RELATED TO ANY VULNERABILITY ISSUES. FURTHERMORE, TO THE EXTENT
PERMITTED BY APPLICABLE LAW, RENESAS ELECTRONICS DISCLAIMS ANY AND ALL WARRANTIES, EXPRESS OR IMPLIED, WITH
RESPECT TO THIS DOCUMENT AND ANY RELATED OR ACCOMPANYING SOFTWARE OR HARDWARE, INCLUDING BUT NOT LIMITED TO
THE IMPLIED WARRANTIES OF MERCHANTABILITY, OR FITNESS FOR A PARTICULAR PURPOSE.

8. When using Renesas Electronics products, refer to the latest product information (data sheets, user's manuals, application notes, “General Notes for
Handling and Using Semiconductor Devices” in the reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by
Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation characteristics, installation, etc. Renesas
Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such

specified ranges.

9. Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific
characteristics, such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Unless designated as a high reliability
product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics
products are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily
injury, injury or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as
safety design for hardware and software, including but not limited to redundancy, fire control and malfunction prevention, appropriate treatment for
aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult and impractical, you are
responsible for evaluating the safety of the final products or systems manufactured by you.

10. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas
Electronics product. You are responsible for carefully and sufficiently investigating applicable laws and regulations that regulate the inclusion or use of
controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics products in compliance with all these
applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance

with applicable laws and regulations.

11. Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is
prohibited under any applicable domestic or foreign laws or regulations. You shall comply with any applicable export control laws and regulations
promulgated and administered by the governments of any countries asserting jurisdiction over the parties or transactions.

12. ltis the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or
transfers the product to a third party, to notify such third party in advance of the contents and conditions set forth in this document.

13. This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.

14. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas

Electronics products.

(Note1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled

subsidiaries.

(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

Corporate Headquarters
TOYOSU FORESIA, 3-2-24 Toyosu,
Koto-ku, Tokyo 135-0061, Japan
www.renesas.com

Trademarks

Renesas and the Renesas logo are trademarks of Renesas Electronics
Corporation. All trademarks and registered trademarks are the property of
their respective owners.
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