Zero Carbon LoRa® Evaluation Board Software Development Procedures v1.00

Zero Carbon LoRa® Evaluation Board (PC-1570001)

Software Development Procedures

Introduction

These application notes for the Zero Carbon LoRa® Evaluation Board describe an application that uses the
ultralow power consumption of the RE0O1 MCU to implement combined Wi-Fi scanning and proprietary
indoor/outdoor tracking functionality. These application notes are accompanied by sample code.

Chapter 1: Introduction explains the system information of the LoRa® LR1110 module. Chapter 2: Setup
Procedure and Application Behavior explains the setup procedures in detail, and subsequent chapters
explain the operating conditions, hardware and software settings, and the behavior of the supplied sample
code.

*» Supplied sample project
Prepare the sample project with reference to section 5.3 onward.

Key devices
- Renesas RE01-256KB Group:

https://www.renesas.com/re01-256kb

-  SEMTECH LR1110:
https://www.semtech.com/products/wireless-rf/lora-edge/lr1110

- Renesas Low IQ - High RSPP LDO ISL9007:
https://www.renesas.com/products/power-power-management/linear-requlators-ldo/is|9007-high-current-Ido-low-ig-and-high-psrr

- Renesas High Performance Temperature Sensor HS3001:
https://www.renesas.com/products/sensor-products/humidity-sensors/hs3001-high-performance-relative-humidity-and-temperature-sensor

Related Documents

- REO1 Group Products with 256KB Flash Memory User's Manual: Hardware
https://www.renesas.com/jp/ja/document/mah/re01-group-products-256-kb-flash-memory-users-manual- hardware?language=ja&r=1321781

- LR1110 User Manual
https://semtech.my.salesforce.com/sfc/p/#E0000000JelG/a/2R000000UmMS7/pGnZPdgyjlcVrUDwZJcBFzIL _9XoIHV8.tZnE70mv3E

- Zero Carbon LoRa® Evaluation Board Tutorial
https://github.com/ZeroCarbon-LoRaEva/document/blob/main/ZeroCarbon-LoRaEva_Tutorial.md

- Zero Carbon LoRa® Evaluation Board User's Manual
https://tachibana-denshi-solutions.co.jp/lora_document.php

Notes regarding the use of RF transceivers
The use of radio receivers and transmitters is subject to international standards and domestic regulations.
Ensure that use of the product complies with the standards and regulations of the country in which it is
used.
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CAUTION

Before applying these application notes to another device, modify the software to suit the specifications of
the device and thoroughly evaluate its operation.

LEGEND
File and folder names are highlighted as follows:

» X7 v u— F L7z r01an5753xx0100-re-lora.zip % fififi<
KT ANAANRACEAL TR LTEREINTWI LA N T —Ich b8, IR, <

Application operations and commands are highlighted as follows:

+ Renesas Welcome to e2studio (1 X 9 & % % 7D x #§f e

@8 zeroCarbonProject WS - e studio ~ O X
I71IAF) BE(E) Y-R(S) YIFOFULUM TET-HN) #©%(A) JOUIZHMP) RenesasViews RIT(R) D1VFOW) ANLT(H)

Welcome to e? studio
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1. Introduction

Before using the sample application, ensure that you have read and understood the Zero Carbon LoRa®
Evaluation Board Tutorial (ZeroCarbon-LoRaEva_Tutorial.md).

The sample application uses a private LoRa® network that incorporates each vendor's proprietary
communication protocol at the MAC layer. It is customizable for various applications and uses, while
enabling optimization of communication networks.

A disadvantage is the need for each user to purchase and set up their own gateways.

However, the greatest advantage is that the costs associated with wireless communication between
devices and gateways is eliminated.

(There is no need to subscribe to a wireless communication provider.)

In addition to the ultralow power consumption and energy harvesting functions of the REO1 MCU, the
sample application shows how the LoRaEdge™LR1110 module can be used in remote sensing applications.
In these application notes, pressing the trigger switch on a Zero Carbon board A (edge) triggers the
acquisition of location data (from a Wi-Fi access point (hereinafter AP) or GNSS satellite information) and
temperature and humidity data by a REO1 MCU-based LoRaEdge™LR1110. This data is then sent by LoRa®
communication to LoRa® Cloud via a Zero Carbon board B (GW access) and a gateway (or a PC, hereinafter
GW), and used to determine the location of the device.

The Zero Carbon board A uses the energy harvesting functionality of the REO1 MCU to charge its
rechargeable battery using power supplied from a USB power supply or a solar panel. When the application
is not transmitting, the device is placed in standby mode until the next transmission.

Figure 1 shows the overall setup.

m Contact information for LoRaWAN® inquiries
1-13-25 Nishi-honmachi, Nishi-ku, Osaka 550-8555, Japan

Tachibana Electronic Solutions Co., Ltd.
TEL: 06(7222)8211
E-mail: tcs_info@tachibana.co.jp
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1.1. System overview

The system has four components: A Zero Carbon board A (edge), a Zero Carbon board B (GW access), a
GW, and LoRa® Cloud.

The Zero Carbon board A (edge) and Zero Carbon board B (GW access) are based on the same board.

The components of the common Zero Carbon boards are a Renesas REO1 MCU, a LoRa®LR1110

device, an HS3001 sensor, a rechargeable battery, a GNSS external antenna I/F, an external LoRa®

communication antenna I/F, and a solar panel I/F. The jumper and switch settings and the firmware
written to the REO1 MCU determine which is board A and which is board B.

The components of the Zero Carbon board A (edge) are a common Zero Carbon board, a GNSS

external antenna, a LoRa® external antenna (can be substituted with an internal antenna), and a solar
panel (can be substituted with a USB power supply).

The components of the Zero Carbon board B (GW access) are a common Zero Carbon board and a
USB serial connector (for connecting a USB power supply and communicating with the GW).

The GW sends Wi-Fi AP information or data received from the GNSS to LoRa® Cloud and receives
results in the form of location information. The GW requires an internet connection.

LoRa® Cloud determines location information based on the received Wi-Fi AP information or GNSS data.

System overview
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Figure 1-1 System overview

1.2. Pins used
The sample code does not use any MCU pins.
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1.3. Required components

Table 1-3 lists the components required to execute the sample application. A barebones setup requires
components 1 to 3 in the table.

Table 1-3 List of components

No. Description Part number Made by
1 Zero Carbon board x 2 Zero Carbon Tokyo Communication
LoRa® Evaluation Board Equipment

Manufacturing Co.,
Ltd. (Sold by
Tachibana Electronic
Solutions Co., Ltd.)

2 GNSS antenna AA.170.301111 Taoglas Limited

3 USB Type-A to Micro-B cable x 2 - General consumer
product

4 Solar panel (for outdoor use) AM-1815CA Panasonic

5 Solar panel (for indoor use) BCS4430B6 TDK

6 LoRa® dipole antenna ANT-916-CW-HWR-RPS-ND Linx Technologies Inc.

7 Connector conversion cable for dipole CSBMS156C-AND-125N Antenna Technology

antenna Inc.

TNS21255 Tachibana Electronic Solutions
Apr. 28, 2022
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2. Setup Procedure and Application Behavior

2.1. Setup procedure
This section explains how to set up the sample application.

Step 1: Setup a LoRa® Cloud account and acquire a MANAGE TOKEN.
See the following resource:
Zero Carbon LoRa® Evaluation Board Tutorial
"3. Setting up a LoRa® Cloud Account”

Step 2: Set up the application environment on the GW side.
See the following resource:
Zero Carbon LoRa® Evaluation Board Tutorial
"4. Setting up the Application Environment on the PC"

Step 3: Set up the environment for the Zero Carbon board A (edge).
First, update the firmware on the Zero Carbon board A (edge).
See the following resource:
Zero Carbon LoRa® Evaluation Board Tutorial
"7. Updating the Renesas REO1 Firmware (Common to Zero Carbon boards A and B)"

Next, set the jumpers and switches and other settings to suit the environment.
See the following resource:
Zero Carbon LoRa® Evaluation Board Tutorial
"5. Zero Carbon LoRa® Evaluation Board Jumper and Switch Layout Diagram"
When powered by solar panel: "a. Settings when using energy harvesting devices"
When powered by USB: "b. Settings when using USB fast charging " or "c. Settings when
using a USB power supply "

Connect the external GNSS antenna and, if needed, the external LoRa® communication antenna.
If board A is USB-powered, connect it to a power bank or a PC by a USB cable.

Step 4: Set up the environment for the Zero Carbon board B (GW access).
First, update the firmware on the Zero Carbon board B (GW access).
See the following resource:
Zero Carbon LoRa® Evaluation Board Tutorial
"7. Updating the Renesas REO1 Firmware (Common to Zero Carbon boards A and B)"

Next, set the jumpers, switches, and other settings to suit the environment.
See the following resource:
Zero Carbon LoRa® Evaluation Board Tutorial
"5. Zero Carbon LoRa® Evaluation Board Jumper and Switch Layout Diagram"”
"f. Settings when using USB to communicate and using a power supply"
Use a USB cable to connect board B to the GW.

Step 5: Confirm that each board is running.
Confirm that the LEDs (green) are lit on the Zero Carbon board A (edge) and Zero Carbon
board B (GW access).

Step 6: Start the application on the GW side.
See the following resource:
Zero Carbon LoRa® Evaluation Board Tutorial
"10-1. Change the current directory to the LR1110 directory created in 4. Setting up the
Application Environment on the PC, and execute the following command"

TNS21255 Tachibana Electronic Solutions Page 8 of 67
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Step 7: Operate the system.
Acquire temperature/humidity and latitude/longitude information.
See the following resource:
Zero Carbon LoRa® Evaluation Board Tutorial
"10-2. Operate the Zero Carbon board A (edge)"

TNS21255 Tachibana Electronic Solutions Page 9 of 67
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2.2. Application behavior

Figure 2-2 shows the behavior of the sample application after launch.

¢ GW (PC) )

Zero Carbon board A C__ Zero Carbon board B

Start Start

[ connect to Gw (PC)

LR11i0deme starts
(Python appfication)

——

Press trigger switch

Acquire temperature/humidity data

Scan Wi-Fi AP or receive GNSS data

Connect to Zero Carbon board B

send LoRa data

| i
+ ResUIts af Wi-Fi AP or GNSS reception Rece“‘re LORa data

r

Send UART data
+ Results of Wi-Fi AP or GNSS recaption

Receive UART data

r

Send LoRa Cloud data
“Results of Wi-Fi AP or GNSS reception

C LoRa Cloud D

Receive LoRa Cloud data

Receive LoRa Cloud data

I
Calculate location coordinates
[

Send Lofta Clowd data

Send LoRa data

| .
+ Temparature/humidity data Receive LoRa data

r

Send UART data
~Temperature/humidity data

Receive UART data

r

Display log data (on PC screen)
~Temperature/humidity data
+ Location coordinatas

r

Figure 2-2 Flow of application behavior
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3. Operation Check Conditions

The operation of the sample code supplied with these application notes was checked under the conditions

in the following table.

Table 3. Operation check conditions

Iltem

Description

Microcontroller used

R7FOE01182DNG (REO1 256KB Group)

Operating frequency

Main External Oscillator

32MHz crystal oscillator

Sub External Oscillator

32.768kHz crystal oscillator

Operating voltage

3.3V

Target board

Zero Carbon LoRa® Evaluation Board

Integrated development | GCC Renesas e? studio Version 2021-04 (21.4.0)
environment

C compiler GCC GNU ARM Embedded Version 6.3.1.20170620
Debugger E2 lite

CMSIS driver package version Ver 1.20

Sample version

document

2022-04-25 11:02 JST

ZeroCarbonProjectPatch

2022-04-25 13:47 JST

Ir1110 evk demo_app

2022-04-25 11:03 JST

Ir1110 modem driver

2022-01-08 10:38 JST

Ir1110 driver

2022-01-08 9:57 JST

re-driver_package

2022-01-06 19:57 JST

TNS21255 Tachibana Electronic Solutions
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4. Hardware Configuration

This section explains in detail the hardware setup associated with the Zero Carbon board A (edge) and the
Zero Carbon board B (GW access).

Figure 4 illustrates the layout of the jumpers, switches, and other elements.

PMOD2
~

LoRa(® communication chip antenna
= -

3 -

B Free ancss
MOE [N JAPAN

-1570001-

PMOD1 :
al
LR1 110 dev:ce

External LoRa® communication antenna

USB connector
(for power supply and
firmware flashing)

Rechargeaie
Reset SW Battery

Solar panel
Trigger SW (+ terminal (left) and - terminal (right))

Figure 4 Layout of jumpers and switches

4.1. Board settings

The Zero Carbon board A (edge) and Zero Carbon board B (GW access) operate in the following modes:
Common to both boards (when USB powered):
* Zero Carbon board firmware flash mode implemented by Renesas Flash Programmer
* LoRa®LR1110 device firmware flash mode

Zero Carbon board A (edge) mode (when powered by USB or solar panel)

Zero Carbon board B (GW access) mode (when powered by USB)

TNS21255 Tachibana Electronic Solutions Page 12 of 67
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4.1.1. Common to board A/B: RFP Zero Carbon board firmware flash mode

For details about the board setup, see the following resource:
Zero Carbon LoRa® Evaluation Board Tutorial
"5. Zero Carbon LoRa® Evaluation Board Jumper and Switch Layout Diagram"”
"d. Settings when flashing the REO1 from RFP and using a power supply "

For details about how to use Renesas Flash Programmer (RFP), see the following resource:
Zero Carbon LoRa® Evaluation Board Tutorial
"7. Updating the Renesas REO1 Firmware (Common to Zero Carbon boards A and B)"

4.1.2. Common to board A/B: LoRa®LR1110 device firmware flash mode

For details about the board setup, see the following resource:
Zero Carbon LoRa® Evaluation Board Tutorial
"5. Zero Carbon LoRa® Evaluation Board Jumper and Switch Layout Diagram”
"e. Settings when flashing the LR1110 FW (USB communication) and using a power supply"

For details about how to flash the LoRa®LR1110 device firmware, see the following resource:
Zero Carbon LoRa® Evaluation Board Tutorial
"6. Updating the LoRa® LR1110 Firmware (Common to Zero Carbon boards A and B)"

4.1.3. Zero Carbon board A (edge) mode

For details about the board setup, see the following resource:
Zero Carbon LoRa® Evaluation Board Tutorial
"5. Zero Carbon LoRa® Evaluation Board Jumper and Switch Layout Diagram”
When powered by solar panel: "a. Settings when using energy harvesting devices"
When powered by USB: "b. Settings when using USB fast charging"

4.1.4. Zero Carbon board B (GW access) mode

For details about the board setup, see the following resource:
Zero Carbon LoRa® Evaluation Board Tutorial
"5. Zero Carbon LoRa® Evaluation Board Jumper and Switch Layout Diagram”
"f. Settings when using USB to communicate and using a power supply”

TNS21255 Tachibana Electronic Solutions Page 13 of 67
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4.2. Connecting a solar panel

Connect the solar panel to the connection point shown in Figure 4-2.

<

el

= L]
S

Figure 4-2 Solar panel connection point

4.3. Connecting an external GNSS antenna
Connect the GNSS antenna to the connection point shown in Figure 4-3.

Figure 4-3 GNSS antenna connection point

TNS21255 Tachibana Electronic Solutions Page 14 of 67
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4.4. Connecting an external LoRa® communication antenna

When using an external LoRa® communication antenna, use an antenna connector adapter cable to
connect the antenna to the connection point shown in Figure 4-4.

=
el

R

{1

Figure 4-4 External LoRa® communication antenna connection point

4.5. Connecting Pmod modules

Connect Pmod# modules to the Pmod connectors shown in Figure 4-5.
#: Pmod is a standard defined by Diligent for connecting low-frequency, low-1/O pin count peripheral
modules to host FPGA controller boards. For details about the Pmod standard, see the Digilent website.

Figure 4-5 Pmod connectors
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5. Software Operation
This chapter explains the software specifications of the sample code.

5.1. Folder structure

Figure 5-1 shows the folder structure of the sample code. This sample code was prepared based on
"Application Note REO1 256KB".

settings ) )
LR1110 transceiver/LoRaBasicsModem-E
[T apptication — 2nsc
e demo application

boards P ri

CMEIS S f,f

config e RE family software development kit

dema {CMSIS driver package)

Devce

Flash Debug "~ __--= Objects generated by build
i HargwareDebsg Ly

111 10_driver
IF1110_rmeodem _dver

LR1110 radio component driver

scrpt
VD /
[T system 4
] batteryc

£ keanoe

£ immaze

] lib_additionalc

©J ir1110 firmware_update.c
1 mainc Application code files

ﬂ trarscevser_almanac.c

LR1110 modem driver

] trarsceiver_grasc

j EramsCerasr_power.s

:I trarsceieer_radio.

:I trarscerver_ric.c

j trarseeiver_wifi_tcane

3 eprapect

| and950_gpio_re_256kb.dep

anda50 _gpio_re_256kbewd
anda50_gpio_re_256kb.ewp
and950_gpio_re_256kbewt
ard 350 gpeo_re_256kb.eww

7] batteryh

] canfig_madeh

] canfigurationh

] nazoonh

] mozzn

] vib_saditionaln

1 11110 firmware_updateh
£] 1110 modem_commanh
] transceiver_aimanach

] ransceiver_grssh

j transceiver_powerh

El transceiver_radioh

j Transcenver_rtch

] vransceiver_wifi_scand
7 ard950_gpen_re_256kh HardwareDebug jlink

L1110 GM55_256KE HardwareDebug jlink
LR1 110 GMSS_256KE_Driver HardwaneDebug jlink
LR1 110 GMN5S_256KE_Transceiver HardwareDebug] 1) jlink
LR 1110 GNSS_256KB_Transceiver HardwareDebug jlink
ard G50 gpeo_re_236kb HardwareDebug.launch
and %50 gpeo_re_236kb eltlaunch

m project

Figure 5-1 Folder structure
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5.2. File structure

Table 5-2 lists the application files added to or changed from the "Application Note RE01 256KB" group

files.

Table 5-2 File structure

File name

Overview of processing or
settings

Remarks

config mode.h

Definition of Zero Carbon board
configuration

Send/receive/update settings,
connected antenna/server
transmission settings

configuration.h

LR1110 EVK settings

LR1110 device environment
settings

main.c Main processing Main application group
hs300x.c Acquisition of HS300x sensor data | Sensor read requests, data
acquisition processing
hs300x.h Definition of HS300x sensor -
settings
1r1110_firmware_update.c | LR1110 firmware update -
processing

1r1110 firmware update.h

LR1110 firmware update definitions

transceiver_almanac .C

Acquisition and setting of almanac
data

For LoRa® transceiver

transceiver almanac.h

Definition of almanac data

For LoRa® transceiver

transceiver gnss.c

Acquisition and setting of GNSS
data

For LoRa® transceiver

transceiver gnss.h

Definition of GNSS data

For LoRa® transceiver

transceiver power.c

Application of LR1110 power
source settings

For LoRa® transceiver

transceiver power.h

Definition of LR1110 power source
settings

For LoRa® transceiver

transceiver radio.c

Application of LR1110 initial
settings and send/receive settings

For LoRa® transceiver

transceiver radio.h

Definition of LR1110 initial settings
and send/receive settings

For LoRa® transceiver

transceiver rtc.c

Application of date and time
correction

For LoRa® transceiver

transceiver rtc.h

Definition of date and time
correction

For LoRa® transceiver

transceiver wifi scan.c

Wi-Fi MAC address scanning

For LoRa® transceiver

transceiver wifi scan.h

Settings for Wi-Fi MAC address
scanning

For LoRa® transceiver

lib additional.c

Processing of shared library

lib additional.h

Definition of shared library

1r1110 modem common.h

Common definition of modem
drivers for LR1110

TNS21255 Tachibana Electronic Solutions
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5.3. Creating the development environment
This section explains how to create the project.
5.3.1. Link destinations

Table 5-3-1 contains links to the resources required to create the development environment.
Table 5-3-1 Link destinations

No. Target Link destination
) ZeroCarbonProject Patch data https://qithub.com/ZeroCarbon-LoRaEva/ZeroCarbonProjectPatch
® Renesas driver package https://github.com/ZeroCarbon-LoRaEva/re-driver-package
©) LoRa®Ir1110 EVK demo application | https:/github.com/ZeroCarbon-LoRaEva/lr1110_evk demo_app
@ LoRa®Ir1110 driver https://github.com/ZeroCarbon-

LoRaEva/lr1110 driver/tree/Branch v3.0.0 Kai
® LoRa®Ir1110 modem driver https://github.com/ZeroCarbon-

LoRaEva/lr1110 modem driver/tree/Branch v2.0.1 kai

5.3.2. Downloading and extracting Github archives

Download the necessary files from the Github repositories in 5.3.1. Link destinations by selecting
Download ZIP from the Code drop-down menu on each page.
The following folders are created when the files are extracted:
(D ZeroCarbonProjectPatch-main
@ re-driver-package-master
@ Ir1110_evk_demo_app-master
@ Ir1110_driver-Branch_v3.0.0_kai
® Ir1110_modem_driver-Branch_v2.0.1_Kkai

5.3.3. Downloading the base project

Download and extract the file on which the project is based from the Renesas website.
Download the file from the following URL:
Application Note REQ1 256KB Group Battery Maintenance Free LoORaWAN® Sensor Energy
Harvesting

Unzip the file r01an5753xx0100-re-lora.zip you downloaded.
Note: A build error will occur if the folder path contains spaces or fullwidth characters. Check the
destination path before extracting the file.

r01an5753_re_lora.zip B:55 ZIP D74l 1,322 KB
+ r01an5753¢j0100-re-lora.pdf 4:04 Adobe Acroba & 4173 KB
%) r01an5753ij0100-re-lora.pdf 3:54 Adobe Acroba = 4490 KB
Extract the file r01an5753_re_lora.zip
TNS21255 Tachibana Electronic Solutions Page 18 of 67
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8 B
settings
boards
CMSIS
config
Device
Flash Debug
HardwareDebug
mac
radio
Resource
script
SVD
system
E «cproject
E project
D agtl_timer.c
D agt0_timerh
D agtil.c
D agtlh
D Commissioning.h
D errorh
) hs300x.c
©] hs300xh
D led.c
] tcdh
] wd_vdbat.c
) vd_Ivdbath
D main.c
D main.h

D mip_display.c

ey

2021/02/20 11:15
2021/02/20 11115
2021/02/20 11:15
2021/02/20 11:15
2021/02/20 11115
2021/02/24 16:52
2021/02/24 16:54
2021/02/20 11:15
2021/02/20 11:15
2021/02/20 11:15
2021/02/20 11:15
2021/02/20 11:15
2021/02/20 11:15
2021/02/24 16:53
2021/01/29 21:23
2021/01/22 16:04
2020/10/27 16:08
2020/10/27 16:08
2020/10/27 16:08
2021/02/24 16:50
2020/10/27 16:08
2021/01/28 16:35
2021/01/28 17:49
2021/01/12 15:48
2020/12/21 16:41
2021/01/20 19:45
2020/12/21 16:41
2021/02/24 13:49
2021/02/24 10:32

2020/12/23 16:32

B

774 TAS -
274 AT -
7N AT -
714 AT -
7N FANA -
7N IANT -
714 AT -
2710 AN~
274 IAINT -
P

74 AN -

-
A
-
A

o R N |

271N AN -
274 TAINST -
=
A

74N AT -

CPROJECT 7711

PROJECT J71 )l
CIrfll
H 71l
cIr1l
H 274l
H 71l
H 271l
CI71l
H 71l
CI71ll

45 KB

KB

w

KB
KB
3 KB
6 KB
3KB
31KB
5 KB
34 KB
6 KB
60 KB
13 KB
11 KB

[s ) BN E)

- Rename the folder.

rolan5753 re_lora -> ZeroCarbonProject

5.3.4.

Applying patch data

Apply the patch data to the ZeroCarbonProject folder.
Download extraction folder: (DZeroCarbonProjectPatch-main

Application target folder: ZeroCarbonProject

Patch data files:
0001-FileAndFolder-delete.patch
0002-ZeroCarbon-Custom.patch

Copy the patch data files to the same level as the ZeroCarbonProject folder.

ZeroCarbonProject
% 0001-FileAndFolder-delete.patch
% 0002-ZeraCarbon-Custom.patch

2022/03/3
2022/03/1
202

2/03/1

0 10:55
6 13:59
6 13:59

74 T A -
Patch File
Patch File

2,611 KB
668 KB
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1. Prepare the patch command.
Because Windows has no patch command by default, you need to install it separately.
You can obtain the patch command for Windows from websites like the following:

Patch for Windows

Download

Description Download Size Lastchange MdSsum
s Complete package, except sources  Satup T8 15 May 2007 45 cf 007 webd Tl o | 8l 5108
® Sourees 2Wn glick this link to download }' 2

.ll'r':'-.-{irr.-.‘_.‘-._

& Binaries Zip 12048 15 May 2007  becibd) 28 dbdedF | 3R ThbbE iy
= Docummentation ] 12m17 15 May 2007 ekl FRAENTT TR il 23
= SOUrcRs A +] & 15 May 2007

Extract the downloaded zip file to a folder of your choice.

Due to Windows constraints, you must execute the patch command from a Command Prompt
with administrator privileges.

Before running the patch command, you must first execute the following command to register
the path of the patch.exe file.

set PATH=%PATH%;"folder-containing-extracted-patch-command¥patch-2.5.9-7-bin¥bin"

Example:

Folder containing extracted command file:
E:¥ZeroCarbonProject¥patch-2.5.9-7-bin¥bin

Path registration command:

set PATH=%PATH%;"E:¥ZeroCarbonProject¥patch-2.5.9-7-bin¥bin"

2. Open Command Prompt and use the cd command to change the current folder to
the folder containing the ZeroCarbonProject folder.

B =B IvVE JO0vTH — - *

E:¥Trial>e

TNS21255 Tachibana Electronic Solutions Page 20 of 67
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3. Execute the following command.
patch --directory=ZeroCarbonProject -p1 --verbose --remove-empty-files < 0001-FileAndFolder-
delete.patch

B TEs 090K J0VTE - U <

E:¥Trial>patch —direct 20 ase ——r 0001-Fi ledndFalder-del

patch --directory=ZeroCarbonProject -p1 --verbose --remove-empty-files < 0002-ZeroCarbon-
Custom.patch

BN EEE: IvUF JOvT7h - O X

a unified diff to me...

n.ht

TNS21255 Tachibana Electronic Solutions Page 21 of 67
Apr. 28, 2022



Zero Carbon LoRa® Evaluation Board Software Development Procedures v1.00

5.3.5. Overwriting with downloaded code
Replace the files and folders in the ZeroCarbonProject folder with the downloaded code.

5.3.5.1. Folder created by extracting downloaded file: @ re-driver-package-
master

re-driver-package-master¥SDK_REQ1 256KB¥RE01 256KB_DFP
Overwrite the following folders in the ZeroCarbonProject folder by copying the equivalent folders in the
preceding folder to the ZeroCarbonProject folder.
* CMSIS
« config
* Device
* script
+ SVD

5.3.5.2. Folder created by extracting downloaded file: ®)
Ir1110_evk demo_app-master
Ir1110 _evk demo_app-master¥embedded
Overwrite the following folders in the ZeroCarbonProject folder by copying the equivalent folders in the
preceding folder to the ZeroCarbonProject folder.
« application
* demo
* system

5.3.5.3. Folder created by extracting downloaded file: @ Ir1110_driver-
Branch_v3.0.0_kai
Ir1110_driver-Branch_v3.0.0_kai

Copy the preceding folder to the ZeroCarbonProject folder, and rename it as follows:
*Ir1110_driver

5.3.5.4. Folder created by extracting downloaded file: ®Ir1110_modem_driver-
Branch_v2.0.1_kai
Ir1110_modem_driver-Branch_v2.0.1_Kai

Copy the preceding folder to the ZeroCarbonProject folder, and rename it as follows:
*Ir1110_modem_driver

5.3.6. Installing the e? studio integrated development environment

Download and install the e? studio environment from the following section of the Renesas website:
Resources - RE Family Development Environment
https://www.renesas.com/re01-256kb

TNS21255 Tachibana Electronic Solutions Page 22 of 67
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5.3.7.

Importing and building ZeroCarbonProject

Import ZeroCarbonProject into the e? studio integrated development environment and build the project.

Start e? studio.

Specify the workspace directory and then click Launch.

& < studio 37—
FALIN—FI—JAR—ZELTER
e® studio [3. T-7AX-AF1L7MIzERALT RERELBAERRNERTELIT.

=8 AR=AW): q E:¥Trial¥ZeroCarbonProject WS| ~ ZHE(B)...

(] zo=ERET IAELTERL, $&I0BHERRLENU)
» BROT=-TAN=A(R)

REH(L) bl

In the Collect log/usage data dialog box, click the Cancel button.

Q X
0 AR T —SIRE RE NESANAS

e2 studioli. ERHEAELELZOVEFELE I\ (Renesas[HEE LT

COT-FE. BREY-FAOR L, SLUYHR-RAVTIVADR BRI LTERSNET.
ZORER. BEVVEUICERYET. FEEHLEL RTEECSYREEELETSILIAETY.
INETaEROLT

ik (A ) D

O7F-smgzaalc73 GEHELRERBTEINTT)

Hiki- MBI T, e2 studio R MBOHEE ML ERRROFEL0Y2aELET.
DT —FET-IAR-RICEFEN. RenesaslCIHEEINEE A

W2 i v
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+  Click the X on the Welcome tab of the Renesas Welcome to e2 studio window.

a ZeroCarbonProject WS - e studio
J7AIMR) EE) Y-AS) UTPHFUVIT) FET-MN) #FR(A) JOVIZMP) RenesasViews R1T(R) T4YFED(W) ALJH)

s @&3577

Welcome to e2 studio

Create a new e2 studio C/C++ project Ta—F+—DEE

Import existing e2 studio projects from Fa—tUTILOET
the filesystem or archive

T IO ETT

Review the IDE's most fiercely contested
preferences

RIS DL T

Open a file from the filesystem

[(tagsicssczascin Vv

>

* In the Project Explorer area, click Import Projects.

Q ZeroCarbonProject_WS - e studio
7R FEEE) V-AS) UIPPAUMT FET-RMN) #3E(A) JOVIZMP) Renesas Views EIT(R) 24YFU(W) ALTH)

@ - No Launch Configurations A -

FEvE s f~E~i®s B @R trAUribomml @ &

BES Y §

JOYISrEEmT AL
~ Synergy C/C++ Project
Create a new Makefile

& project in a directory
containing existing code

=) CEIfld C++ JOVTIHE
38 {ERL
0% JOYI9 b E1ER.
IL JOVI A Vik=F.. I

[ EE 2 8a3vy-) @ 2A3-h-I597- B A7-+-vZa7l
0EB
Rt/ - Yy-2 fivd

0 BB ERENILE.

o |® ~

O

v i
Hr A~ oD | Q iE|Ecces
BH70vsh-14270. ® T O = 0 BE7irsiy 8

D-IAR-ATOVII M BYEE A ?UF?D‘EEQ@“EPT?(
TRIFAT-FHYEEA.

= a
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« Under the General node, select Existing Projects into Workspace and then click Next.

& -

EiR
P 7- TP NFEF 4L O R - e BTV MEtRRLET .

A Y-k 245 - FOBR(S) *

O X

22q

[7a05 25

v &= -
4 CMSIS Pack
() CMSIS Pack
= GNUARM-NONE/RZ(DS-5) project conversion to GCC ARM Embedded
2% Rename & Import Existing C/C++ Project into Workspace
= Renesas CA78KOR (CS+) JOYIZk
@ Renesas CC-RX/CC-RL (CS+) FOYIH
Ta# Renesas CCRX project conversion to Renesas GCC RX
= Renesas GitHub FreeRTOS (with loT libraries) 70914k
& T7-h17-I7 1)
S I7AN- VAT
C) I\ F-FE A P-hM 7 hE0TOvI s+
2 BEJO0JTI b ET-IAM-AN
2 ERJE

& C/C++

= Git

= Oomph

@ < E5(B) #T0

Frvel
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Click the Browse button beside the Select root directory field, select the project folder you created (which
appears as LR1110_GNSS_256KB_Transceiver in the Projects area), and then click the Finish button.

&8 g~ O X
JOS NeA i~k ‘i
BE#F() Eclipse TOVIV ME@FRTATAL UM -EERLIT. -
@ - F- T L7 R -OEIR(T): ‘E:¥Tria|¥2eroCarhonProject ~ ‘ I
Q7F-h17- TP LOBR(A):
TOUTIMP):
I LR1110_GNSS_256KB_Transceiver(E:¥Trial¥ZeroCarbonProject) I FTARTER(S)
EiRETNTEER(D)
EF(E)
ATvay
Ol #ARLETOVTI MR TR(H)
170912 b7-2A48-AZTE-(C)
O R TRSE. #FLLA vk-LETOYT7 M B(0)
L7928 A BRIcEE T30 VT MRS ()
TF-F4- b
O 7-%4- yMc IOV MEE (T FAW)...
ZEHR(E)...
@ < E3E) JAN) > #T0R Frvt
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+  Select LR1110_GNSS_256KB_Transceiver in the Project Explorer area, and from the Project menu,
select Change Device.

Q ZeroCarbonProject_ WS - e” studio - O X
JPAIUR \EE) Y-AS) UTPIIUDHT FEF-MN) #®FRAY TOVIZHP) JRenesas Views ZET(R) D4VED(W) AJLT(H)

4 FINvIE) 5 an4950_gpio_re_256kb H T 2B (E) | ®~&%~ a0
W IRt Qovily v ds 0D E T @ JOUTorEELSS)
. o , . '| . Open Synergy Configuration Q, Ef‘ T C/CH+
) - Open FSP Configuration -
B 70vIoh-I5270.. ©® o . B= PUbI4Y & =
e 3 b FATENF® Ctrl+Alt+B
=2 LR1110_GNSS_ZSGKB_TranscIiVI I:Jbifﬁﬁﬁi i ? TS UERETETIT
JOITZHOE ILF(B) Cl+B  Gr 3 o [3HUEHA,
J=Fv5 -y O ILEW) ?
7Y=2(N)...
BEIHICEILRM)
PRy > B
[ % ©Ivy-) % @37 SN Fl#B~-m~r=0
++ AUTWHA 4
Synergy s B
I Change Device I

#  C/C++ Project Settings Ctrl+Alt+P
JaiRF1(P)

=5 LR1110_GNSS_256KB_Transceiver

+  Click the ... button to the right of the Target Device field.

& varosuvy O X
Change Device :
9 =2

Select the new device for LR1110_GNSS_256KE_Transceiver

Current Device: R7TFOEQ1182CFP

Custom

Target Board: Custom

94y k-F/{4 A RTFOEOTBD2DNB E
FIAZDT YOS ...

® SO
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« In the Device Selection dialog box, select R7ZFOE01182DNG and then click OK.
& o x

Device Selection

You can filter devices by regular expression

Search Device

Device RAM ROM Pin 2
~ REOQ
REO1B
REO1_1500KB
~ REO1_256KB
R7FOE01082DNG - 56pi
~ R7FOE01182DNG - 56pi
I R7FOEO1182DNG 128 KB 256 KB 56 I
RITUCUTUOZLTIVE = Us T
R7FOEOT182CFM - 64pi
R7FOEQ1082DEBR - 72pi
R7FOEO1182DER - 72pi
1
1

R7FOEQ1082CFP - 100pi
R7FOE01082DBH - 100¢
R7FOEQ1182CFP - 100pi

DICACA{4GAMDIL 400,

@ oK Foyall

+  Click Next.

@ vorosuvy o x

Change Device :

TOURAMIRENTWAERETREL TGS, 1A > 2w L TROBEBER RT3 87 27U

vILET .

mHENEE

& This change cannot be undone. Please make sure you backup this project before continuing.

ERAURTIVTIAMERABVZEA

@ < B&(B) BT R St
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- In the Changes to be performed list, clear the check box beside HardwareDebug_IAR and then click
Finish.

@ vorosuvy O X
Ch Devi I

ange Device g
UIFIFUII e ETIBE. UFTOEEFBETT.
ETENEEE 4 4|7 -
~ [m] € Change Device for LR1110_GNSS_256KB_Transceiver ~

~ [m] & Build Settings
~ [v] & HardwareDebug
&, Device name
HardwareDebug_|AR
[~] & Project Files

Device name
New Current
[ 1R7FQEQ1182DNG }—[ 1 R7F@EQ1182CFP

@ <E3(8) RAN) > I TR et

+ In the Project Explorer area, right-click LR1110_GNSS_256KB_Transceiver and select Build Project
from the context menu.

AT

&) ZeroCarbonPrc - O X

B Y EITEUN) \ .
Tr4IlF) RWEE) ETEEW Al TR+ W JT4H(P) RenesasViews REfT(R) D4YEI(W) AJLT(H)
T D-Ab-S-SIATER > || v Bl s-&-50
@Ity g criec P E~E~E~i® &~
By § v~ m BRUEHe) Ctr+V Q im | Ee/c
& 70vrok-1o, ¥ HIRD) FllE S8 Eyoksyx T O

U=A >

o PR VERETET I
AFEEE(M).. F2

IBITF15-EBYEEA.

g A= k).

1 IYAMR-MO)..

| FOITIROFRER) | zimanrsoorore1vr)  hol-FLESS
TSI -8 & Do T av—r-v=171 S @ MD-S~=0
=) Fs
TOUTHEEALE(S)
=BRia IOV MELEU)
ELE- 97k >
AITYIA >
EFEE >

0 =R >

¥ TIvI(D) >
O-HVEENSETY)..
MISRA-C >

¥ C/C++ Project Settings Ctrl+Alt+P

Save build settings report
Change Device
H C/Cr+ I-FBITERT
< Team >
Compare With >
5 LR1110_GNSS_2" W  System Explorer
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«  The build is successful if Build Finished 0 error, 0 warnings appears on the Console tab at the bottom

right of the window.

Q ZeroCarbonProject_WS - e studio

& 7O0vise-15270.. % T O
BE Y §
=% LR1110_GNSS_256KB_Transceive

CDT EJLF- 39—l [LR1110_GNSS_256KB_Transceiver]

7R FREE) V-AS) UTPHAUMT FET-RN) #3(A) JOVIZHP) RenesasViews E{T(R) 4YFD
J

719 (E) ¥ an4950_gpio_re 256kb Har v | 7: |- w}
B ErErr@ ™~ Bl i@ N Qi ll )
cHem D G D

S0 Erorsayw S0

I ME BIvy-) 8 @ AX-k-J30Y- B AV-k-vZa7

x| o4 [S| E

arm-none-eabi-gcc -mcpu=cortex-m@plus -march=armve-m -mthumb
arm-none-eabi-gcc -mcpu=cortex-m@plus -march=armve-m -mthumb
arm-none-eabi-gcc -mcpu=cortex-m@plus -march=armvé-m -mthumb
arm-none-eabi-gcc -mepu=cortex-m@plus -march=armve-m -mthumb
arm-none-eabi-gcc -mcpu=cortex-m@plus -march=armve-m -mthumb
arm-none-eabi-gcc -mcpu=cortex-m@plus -march=armvé-m -mthumb
arm-none-eabi-objcopy -0 ihex "LR111@ GNSS_256KB_Transceiver
arm-none-eabi-size --format=berkeley "LR1116_GHSS_256KB_Transceiver._elf"

- O X
Wy ALTH)
h ‘ B/ v
Q E||mEcce

TINAVERET T IT4
TuIF4F-EHYEEA.

= O

=@ rBE~§

-mlittle-endian -mfl”™
-mlittle-endian -mfl
-mlittle-endian -mfl
-mlittle-endian -mfl
-mlittle-endian -mfl
-mlittle-endian -mfl
_elf" "LR1110 GNSS 2

text date bss dec hex filename
170767 476 19968 191211 2eaeb LR111@ GNSS_256KB_Transceiver.elf
l4:15:83 Build Finished. @ errors, @ warnings. (took 6s.174ms) I
A4
< > | < >

*  The .hex file for the project is generated in the following folder:

ZeroCarbonProject¥HardwareDebug¥LR1110_GNSS_256KB_Transceiver.hex
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5.4. Hardware resources
Table 5-4 shows the hardware interrupt used by the sample code.

Table 5-4 Hardware resources

Used for Interrupt name

Description

Trigger switch IRQ3_IRQHandler

An interrupt used to wake from standby mode.
This interrupt is always enabled.

5.5. List of constants

The following explains the constants used in the sample code.

5.5.1. Board-specific constants
The following table shows the board-specific constant used in the project. This constant is declared in the

file ZeroCarbonProject/config_mode.h.

Table 5-6-1 Board-specific constants

Constant name

Zero Carbon board A (edge)
Note: This is the default value

Zero Carbon board B (GW
access)

TRACKER_RX_TX_UPDATE
(for switching between boards A
and B)

2

1
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5.6. Flowchart

The following flowcharts show the operation of the sample code.

5.6.1.

Zero Carbon board A (edge)

Figure 5-6-1 is a flowchart for Zero Carbon board A (edge).

Zero Carbon board A
mainf}

Allocate APT functions te RAM
R_SYS_CodeCopyl)

-’

Tnitiasze sfsl;e'n TN
drivers
B_SyS_Inikialize(]

Set power supply mode to
ALLPWON
R_LPM_PowerSupplyModenlpw
onSet)

Set clock

Main Sembech processing
sembech_maini)

; END

4 sembech_main()

Set DCDC
DCOC_an)

i~

Initialize peripherals
system_imit])

Initialize SPT/12C
system_init_1S02()

Initialize LR1110 device
DeviceModemn_Init()

LRAILD erafermisss grocua i (i)
tranchaar_ )

END

LR1110 transmission processing (edge)

tracker_tx(}

,J

Configure LR1110 Lofa® |

communication
radio_init(}

Initizlize LR1110 device
DeviceModemn_Init()

Infinite loop |

L1110 power off
IrL110 poawer_off()

Sat SEﬂﬂhf and resume
wait_for_wakeus,_intaraupt])

LR1110 power on
Iri110_ power_oni(}

Scan for Wi-F access paints
Wifilnberfaoe_ SpecificRuntime( )

WifiScan_skip_redundancy)

WO

Enter standby mode
Wiake by pressing trigger

switch

When fewer than 4 access
points are found, repeat up
to four times

Murmber of Wi-Fi
—BOOEEE AOINES 3 D

e

LoRaEB transmission
CernmunicationDerns_Store) )
sembech_radio_m_len(}

GHSS reception and LoRa®
transmisgion
sermtach_GNSS_remotel)
sambech_radio rx |EI“'IU

"
£

Acguire bemperaturehumdity
sensor daka
read_hs300w]

LoFa® trarsmisson of
temperature bumidity data

g
-

Figure 5-6-1
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5.6.2.

Zero Carbon board B (GW access)
Figure 5-6-2 is a flowchart for Zero Carbon board B (GW access).

C

\

|
h

ZeroCarbonii—RB
main() ’/

LR1110Z{EMIB(GWF I ZF)

tracker_rx()

D

=z

LR1110 LoRa®iB(SRE

APIB#%ZRAMICEINHT
R_SYS_CodeCopy()

radio_init()

[

ST LB RS\
R_SYS_Initialize()

[

ALLPWON NOEIRE—REIT
R_LPM_PowerSupplyModeAll

PINIFYIT—HEUG
GetDateAndApproximatelLoca
tion_from_PC()
get_AlmanacData_from_PC()

[

semtech_main()

v

< END

SemtechX{> 4L
semtech_main()

\

AN

DCDC OFFHE
DCDC_on()

[

RUITTIIANEME
system_init()

SPI/I2CHIERME
system_init_ISO2()

LR11107 /A Z#HA{L
DeviceModem_Init()

[

tracker_rx()

LR1110Z{SAB(GW P72 H)

v

< END

pwonSet() !
[ K IR~
I0YIRE
LoRa®={E
( semtech_radio_rx
SemtechX{ >4 (radio_data_buf)

radio_data_bui
= "IDATA"
No

radio_data_bu YES
= "IALMA"

no
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radio_data_bul YES
—@wW"

o

no

no

radio_data_bul YES
= "ISEND"

radio_data_bu YES
- "@G"
radio_data_bul YES
= ngTH

BET 92K UartiX{s

BET 2R UartiX{s

LoRa®CloudiX{EER Uartix{s
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Figure 5-6-2
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5.6.3. GW
Figure 5-6-3 is a flowchart for the GW.

Q Lriii0Demo )

Damoli e

read vop foreverselfamgs)

Input command
1: Start without Almanac, 2: Download
Almanac, 3:End Program

[

(e

[
Serial reception
serial. readline(}

handle resd dat

Store GW reception RSSI data

{gGwrssi)

Store termperature/humidty data
(gTemp/aHurmi)

Output log data
Dake and Bme, temperatuse/hurnidity, o

Store edie reception RSSI data {gEdgerssi}
Stove murnizer of GHSS satellites fowd {gEnss)

Store data on number of Wi-FH APs

longitudey|atitude, edge reception RSSL, GW
recaption RSSI, number of Wi-Fi AP found,
number of GNSS satelites found

found {gWifi)

Output reception log

MAC address location search
ScannedMacAddress. from_csv_line

GMES location saarch
ScannedGnss. from_csv_line

A

(\ (|
§

Figure 5-6-3
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glong}
T
h

'C END )
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5.7. Block diagrams
Figure 5-7 illustrates the software layers.

Zero Carban board A (edge)
Demo Application (Bare metal) Delay API LoRa@LR1110 API

Device Interface Layver
REOQT1 MCLU CMSIS-Driver, Vendor defined Drivers
REQT MCU CM5I5-Core (Startup, vector, 10 definitions, etc.) |

REQ1 MCU | ric | | actmimer | [ s | [ rzc.spLanc |

[ wrin0LoRamchip | | Ssemsors |

Semtech and Renesas Renesas Provided

Zero Carbon board B (GW access)

[ winoLora®chin ]

REQ1 MCU CMSI5-Core (Startup, vector, 10 definitions, etc.)

REQT1 MCU CMSIS-Driver, Vendor defined Drivers

Device Interface Laver

Demo Application (Bare metal) LoRaBLR1110 APT

GW (PC: phtyon)

UART

Demo Application LoRaBCloud= Modem and Geolocation |

LoRaRCloud

Modem and Geolocation Services

Figure 5-7 Block diagrams
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5.8. LoRa® communication settings

Note: Applying the settings in this section incorrectly might result in violation of radio
communication laws. Exercise care when applying these settings.

With reference to the following sections, set the LoRa® communication settings of the Zero Carbon board
A (edge) and Zero Carbon board B (GW access). Use the same settings for both boards.
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5.8.1. LoRa® communication packet modulation parameter settings

See the following resource for details on modulation parameter settings.
LR1110 Transceiver User Manual (UserManual_LR1110 V1_2.pdf)
"8.3.1 SetModulationParams"

The blue boxes in the following figure indicate the initial settings of the sample code.

Table 8-4: SetModulationParams Command

Byte 0 1 2 3 4 5
Data from Host 0x02 Ox0F SF BWL CR LowDataRateOptimize
IrgStatus IrgStatus Irgstatus IrgStatus
Datato Host stat! a2 @3124) 2316) (15:8) 70

device family, but SF6 is not compatible with the 5X127x family.:
+  0x05:5F5
+  0x06:S5F6

+ 0x08:5F8
+  0x09:SF9
+ Ox0A:SF10
+ Ox0B:SF11
+ Ox0C:SF12
«  BWI defines the LoRa® modulation bandwidth (values other than those below are RFU):
+ 0x03:LoRa_BW_62, LoRa® Bandwidth 62.5 kHz

I + Ox04: LoRa_B-W_I25, LoRa® Bandwidth 125 kHz I

+ 0Ox05:LoRa_BW 250, LoRa® Bandwidth 250 kHz

+ 0x06: LoRa_BW_500, LoRa® Bandwidth 500 kHz
+  CRconfigures the Coding Rate (values other than those below are RFU):
B OxU1: Short Interleaver C_R: 4/5Overhead Ratio 125 ||

+  0x02: Short Interleaver CR= 4/6 Overhead Ratio 1.5

+ 0x03: Short Interleaver CR= 4/7 Overhead Ratio 1.75

+  0x04: Short Interleaver CR= 4/8 Overhead Ratio 2

+  0x05: Long Interleaver CR=4/5" Overhead Ratio 1.25

+  0x06: Long Interleaver CR=4/6" Overhead Ratio 1.5

+ 0x07: Long Interleaver CR=4/8" Overhead Ratio 2
+  lowDataRateOptimize reduces the number of bits per symbol:

l +  0x00: LowDataRateOptimize off I
+  Ox0T: LowDataRateOptimize on

+  SFdefines the spreading factor (values other than those below are RFU). SF5 and SF6 are compatible with the SX126x

Figure 5-8-1-1 Modulation parameter settings

T IUF 3] © Yl JLFH) SJIS(CRLF) [CRLF]  168:20
o L 11, L Mz L I3 L 14, L 5 L I6. L I, L I8 L I8 L 0. .y [EET i} L i} L 4, I L [

158 [int8 t radio_init(¢ ~

159 [«

160 |//" wintl6_t i<

161 modem_result= radio_init_sub(); <

162 |

163 moden_result = 1r1110_radio_set _pkt_tvpe( &1r1110, LR1110_RADIO_PKT_TYPE_LORA J:<

164

165 modulat ion_lora.sf 1110_RADIO_LORA_SF7; <

166 modulation_lora.bw = LR1110_RADIO_LORA_BW_125;<

167 modulat ion_lora.cr 1110 _RADIO_LORA_CR_4_5;¢

163 modulation_lora. Idro = 0;¢

169 modem_result= |r1110_radio_set_lora_mod_params( &1r1110, &modulation_lora );«

170

171" packet_lora.preamble_ler_in_synb = 3;<

172" packet_lora.header_type = LR1110_RADIO_LORA_PKT_EXPLICIT; /7 = DEMO_RADIO_LORA HOR DEFAULT; <

173 1" packet_lora.cre = LR1110_RADIO_LORA_CRC_QFF; = DEWO_RADIO_LORA CRC_DEFALLT;<

174" packet_lora.ia = LR1110_RADIO_LORA_IQ_STANDARD; /7 = DEMO_RADIO_LORA_IQ_DEFAULT;<

175 " packet_lora.pld_len_in_bvtes = PAYLOAD_LENGTH; <

176 |° modem_result = I[r1110_radio_set_lora_pkt_params( &1r1110, &packet_lora );<

177 1€

178" modem_result= Ir1110_radio_set _rf_freal &Ir1110, RF_FREQGUENCY );¢

179 |¢

180 | pa_confisuration.pa_sel 8 110_RADIO_PA_SEL_LP; // =DEMO_RADIO_PA_SEL_DEFAULT; Low-power Powmer Amplifier<

181" pa_configuration.pa_res_supply 8 110_RADIO_PA_REG_SUPPLY_VREG; // = DEMO_RADIO_PA_REG_SUPPLY_DEFAULT: Power amplifier supplied by the main resulatore

182 |°  pa_configuration.pa_duty_cvcle = DEMO_RADIO_PA_DUTY_CYCLE_DEFAULT: // = 4«

183 |//" pa_configuration.pa_duty_cvcle = DEMO_RADIO_PA_DUTY _CYCLE_DOWN; // = 2¢

184 |°  pa_configuration.pa_hp_sel = DEMO_RADIO_PA_HP_SEL DEFAULT; // = 0«

185 | modem_result = Ir1110_radio_set_pa_cfe( &Ir1110, &pa_confisuration ):¢

188 |

187 /7" modem_result= Ir1110_radio_set _tx_params{ &1r1110, DEMO_RADIO_TX_POWER_DEFAULT. LR1110_RADIO_RAMP_240_US J;<

188 | modem_result= 111110 _radio_set _tx_params{ &1r1110, DEMO_RADIO_TX_POWER_DOWN, LR1110_RADIO_RAMP_80_US ): ¢

189 modem_result = 11110 _systen_set_dio_irg_parans(&1r1110,<

180 LR1110_SYSTEM_IRO_GNSS_SCAN_DOME | LR1110_SYSTEM_IRQ_TX DONE | LR1110_SYSTEM_IRQ_RX_DONE | LR1110_SYSTEM_IRQ_TIMEOUT, 0 );<

191 modem_result = r1110_systen_clear_ira_status( &1r1110, LR1110_SYSTEM_IRO_ALL_MASK );¢

192 ¢

193 return 05«

164 |1«

195 |« v

< >

Figure 5-8-1-2 Location of modulation parameter settings
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5.8.2. Power amplifier configuration settings

See the following resource for details on power amplifier configuration settings:
LR1110 Transceiver User Manual (UserManual_LR1110 V1 4.pdf)
"9.5.1 SetPaConfig"

The blue boxes in the following figure indicate the initial settings of the sample code.

Table 9-3: SetPaConfig Command

Byte 0 1 2 3 4 5
Data from Host 0x02 0x15 PaSel RegPaSupply PaDutyCycle PaHPSel
IrgStatus IrgStatus IrgStatus IrgStatus
Data to Host Statl Stat2 ™ 4 a 4
(31:24) (23:16) (15:8) (7:0)

+_PaSel selects the PA:

I +  0x00: Selects the low power PA. I

+  0x01: Selects the high power PA.
+  RegPaSupply selects the PA power source:

I + 0x00: Powers the PA from the internal regulator.l

+ 0x01: Powers the PA from VBPﬁhe user must use RegPaSupply = 0x01 whenever TxPower > 14.
«  PaDutyCycle controls the duty cycle of the high and low power PAs.

Table 9-4: DutyCycle Parameter 0x04
Low Power PA ;nlgn——nﬂ A
Control DutyCycle = 20% + 4%*PaDutyCycle
20%<DutyCycle<48% 20%<DutyCycle<36%

Allowed Range
0<PaDutyCycle<7 0<PaDutyCycle<6

DutyCycle=36%

0x00
+  PaHPSel controls the size of the high power PA.

Figure 5-8-2-1 Power amplifier configuration settings

Default value

V=) SJIS(CRLF) [CRLF] 168:20
[ [ Iz ., . IR [ B By IET IR 2. A3y TE7 15, —]
158 [int8_t radio_initO< ~
159 |1«
160 [//7 uint16_t i:¢
161 moden_result= radio_init_sub(); ¢
162 |«
163 modem_result = Ir1110_radio_set_pkt_tvpe( &Ir1110, LR1110_RADIO_PKT_TYPE_LORA J;<¢
164 |
185 [©  modulation_lora.sf = LR11T0_RADIO_LORA_SF7;¢
166 [©  modulation_lora.bw = LR1110_RADIO_LORA_BW_125;+<
167 [©  modulation_lora.cr = LR1110_RADIO_LORA_CR_4 5;¢
168 [© modulation_lora.ldro = 0;«
169 | modem_result= Ir1110_radio_set_lora_mod_params{ &1r1110, &modulation_lora );&
170 |=
171" packet_lora.preanble_len_in_symb = 8;<
172" packet_lora.header_type = LR1110_RADIO_LORA_PKT_EXPLICIT; // = DEMO_RADIO_LORA_HOR DEFAULT;<
178" packet_lora.cre = LR1110_RADIO_LORA_CRC_OFF; // = DEMO_RADIO_LORA_CRC_DEFAULT;<
174" packet_lora.iq = LR1110_RADIO_LORA_IQ_STANDARD;  // = DEMO_RADIO_LORA_TQ_DEFAULT;<
175 1 packet_lora.pld_len_in_bytes = PAYLUAD _LENGTH; «
176 [ moedem_result = Ir1110_radio_set_lora_pkt_params( &1r1110, &packet_lora )3«
177 |12
178" modem_result= 1r1110_radio_set_rf _frea( &1r1110, RF_FREQUENCY J;<
181 pa_configuration.pa_reg_supply = LR1110_RADIO_PA_REG_SUPPLY_VREG: // = DEMO_RADIO_PA_REG_SUPPLY_DEFAULT; Power amplifier supplied byfthe main resulator<
182 pa_configuration.pa_duty_cvcle = DEMO_RADIO_PA_DUTY_CYCLE_DEFAULT; // = 4«
183 [§~ pa_confizuration.pa_duty_cvcle = DEMO_RADIO_PA_DUTY_CYCLE_DOWN: // =
184 pa_configuration.pa_hp_sel = DEMO_RADIO_PA_HP_SEL_DEFAULT; // =
185 modem_result = Ir1170_radio_set_pa_cfz( &1r1110, &pa_confizuration ;¢
186
187 —— To—— T e o e e o
1887 modem_ resu\t- IrTH[] rad\o _set_tx. params( &\HHU DEMU RJ—\DIU TX PUWER DUWN LR1110_RADID_RAMP_80_US )+«
189 modem_resul 0_system set _dio_irg_parans(&|r1110,<
190 LR1170 SVSTEM IRQ. GNSS SCAN_DONE | CR1170_SYSTEM_IRQ_TX _DONE | LR1110 SYSTEM_IRQ R¥_DONE | LR1110_SYSTEM_IRO_TIMEOUT, 0 );<
191 modem_result = Tr1110_system_clear_irq_status( &I r1110, LR1110_SYSTEM_IRO_ALL_MASK );<
192 |
193 return ;¢
194 |1«
195 |= v
< >

Figure 5-8-2-2 Location of power amplifier configuration settings
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5.8.3. TX power and power amplifier ramping time parameter settings

See the following resource for details on power amplifier configuration settings.
LR1110 Transceiver User Manual (UserManual_LR1110 V1 2.pdf)
"9.5.2 SetTxParams"

The blue boxes in the following figure indicate the initial settings of the sample code.

Table 9-5: SetTxParams Command

Byte 0 1 2 3
Data from Host 0x02 0x11 TxPower RampTime
Data to Host Stat1 Stat2 IrgStatus(31:24) IrqStatus(23:16)
«  TxPower defines the output power in dBm in a range of: 13
+ - 17 dBm (0xEF) to +14 dBm (0x0E) by steps of 1 dB if the hi tted.

+ -9dBm (0xF7) to +22 dBm(0x16) by steps of 1 dBif the high power PA is selected.
« If TxPower > +14 dBm, the user must select the VBAT supply for the PA using the SetPaConfig command.
+  RampTime defines the PA power ramping time, which can be from 16 to 304 ps according to the following table:

Table 9-6: RampTime Values

RampTime Value Ramp Time in s
SET_RAMP_16U 0x00 16
SET_RAMP_32U 0x01 32
SET_RAMP_48U 0x02 48
SET_RAMP_64U 0x03 64

I SET RAMP_80U 0x04 80 I
SET_RAMP_96U 0x05 96
SET_RAMP_112U 0x06 12
SET_RAMP_128U 0x07 128
SET_RAMP_144U 0x08 144
SET_RAMP_160U 0x09 160
SET_RAMP_176U 0x0A 176
SET_RAMP_192U 0x0B 192
SET_RAMP_208U 0x0C 208
SET_RAMP_240U 0x0D 240
SET_RAMP_272U 0x0E 272
SET_RAMP_304U OxOF 304

Figure 5-8-3-1 TX power and power amplifier ramping time parameter settings

|
Ir4) Zi(C) BR(S) Y- VT (H) S(CRLF) [CRLF]  158:20
i L I L 12, L 5, L 6, L 17, L A L le, L 110, L 114 L 11, L I} L 114, L 11 L —
| 158 |int8 t radic_init()¢
159 [«
180 |//7 uint16_t i;¢
161 modem_result= radio_init_sub();<
162 |
}gi moden_result = |r1110_radio_set_pkt_typel &Ir1110, LR1110_RADIO_PKT_TYPE_LORA );<
o
185 | modulation_lora.sf 1T0_RADIO_LORA_SF7;<
186 | modulation_lora.bw 1T0_RADIO_LORA_BN_126;<
187" modulation_lora.cr 1T0_RADIO_LORA_CR_4_5;<
168" modulation_lora. ldro = 03¢
169 |  modem_result= Ir1110_radio_set_lora_mod_params{ &1r1110, &modulation_lora };¢
170 |«
171" packet_lora.preanble_len_in_symb = 8;¢
172" packet_lora.header_type = LR1110_RADIO_LORA_PKT_EXPLICIT; // = DEMO_RADIO_LORA_HDR_DEFAULT; <
178" packet_lora.crc = LR1110_RADIO_LORA _CRC_OFF; /¢ = DEMO_RADIO_LORA_CRC_DEFAULT; ¢
174" packet_lora. iq = LR1110_RADIO_LORA_IQ_STANDARD;  // = DEMO_RADIO_LORA_IG_DEFAULT; ¢
| 175" packet_lora.pld_len_in_bytes = PAYLOAD_LENGTH; <
176 | modem_result = [r1110_radio_set_lora_pkt_params( &Ir1110, &packet_lora );¢
177 |«
[ 178" modem_result= 171110 _radio_set _rf _frea( &1r1110, RF_FREQUENCY J;<
179 |«
l 180 | pa_configuration.pa_sel = LR1110_RADIO_PA_SEL_LP; // =DEMO_RADIO_PA_SEL_DEFAULT; Low-power Power Anmplifier<
181|"  pa_configuration.pa_reg_supply = LR1110_RADIO_PA_REG_SUPPLY_VREG; // = DEMO_RADIO_PA_REG_SUPPLY_DEFAULT; Power amplifier supplied by the main regulatore
182 | pa_configuration.pa_duty_cycle = DEMO_RADIO_PA_DUTY_CYCLE_DEFAULT; // = d¢
188 |//" pa_configuration.pa_duty_cycle = DEMO_RADIO_PA_DUTY CYCLE DOWN; // = 2«
184" pa_configuration.pa_he_sel = DEMO_RADIO_PA HP_SEL_DEFAULT; // = 0«
! }zg " modem_result = Ir1110_radio_set_pa_cfa( &1r1110, &pa_confisuration );<
o
- - = —— = —— = m—om———
ISS " modenm_result= 1r1110_radic_set_tx_params( &|r1110, DEMO_RADIO_TX_POWER_DOWN, LR1110_RADIO_RAMP_80_US ;< I
190 1110_SYSTEM_IRO_GNSS_SCAN_DONE | LR1110_SYSTEM_IRQ_TX_DOME | LR1110_SYSTEM_IRQ_RX_DONE | LR1110_SYSTEM_IRQ_TIMEOUT, 0 );<
191 moden_result = Ir1110_systen_clear_ira_status( &I r1110, LR1110_SYSTEM_IRQ_ALL _MASK J;<
192 |«
198 return 03¢
194 |}
195 |« v
< >

Figure 5-8-3-2 Location of TX power and power amplifier ramping time parameter settings
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5.8.4. Frequency settings

See the following resource for details on frequency settings:
LR1110 Transceiver User Manual (UserManual_LR1110 V1 2.pdf)
"7.2.1 SetRfFrequency”

The frequency settings in this section conform to Japanese standards as explained at the following URL:

https://www.arib.or.jp/kikaku/kikaku tushin/desc/std-t108.html

The blue box in the following figure indicates the initial settings of the sample code.

Table 7-1: SetRfFrequency Command
Byte 1] 1 2 3 4 5
Rffreq Rffreq Rffreq Rffreq
Datafrom Host 0x02 0x08 (@3129) (2316) (158) 7:0)
IrgStatus IrgStatus IrgStatus IrgStatus
Data to Host Stat1 Stat2 129 0318) o) CEl

# 923000000
+  Rffreq: RF Frequency of the sub-GHz radio in Hz. All frequency dependent parameterg

by the LR1110 firmware when processing this command. |

Figure 5-8-4-1 Frequency settings

= M R
mo dio_ira_params(&1r1110,
180 LR]HO SYS]EM 1RO, GNbS _SCAN, DUN | LRHIU _SYSTEM_IRO_TX DONE | LR1110_SYSTEM_IRO_RX_DONE | LR1110_SYSTEM_IRO_TIMEOUT, 0 );+

191 moden_result = Tr1110_system_clear_ira_status( &1r1110, LR1110_SYSTEM_IRO_ALL_MASK );*
192 |«

193 return 0;¢

194 |1

195 |«

] <

a
1 W(E) FRO WF v = JATEAHW vJ(H. SJIS(CALF) [CRLF] 158:20
: || PP [ | G | B ;A B I} {0 X 12 [ 114, - ]
158 m(QQ radio_init(+ 2
159 [«
180 |/ uint16_t
161 modw: ro=uH radio_init_sub(); ¢
162
163 moden_result = |r1110_radio_set_pkt_type( &Ir1110, LR1110_RADIO_PKT_TYPE_LORA );<
164
165 modulation_lora.st = LR1110_RADIO_LORA_SF7; <
166 modulation_lora.bw = LR1110_RADIO_LORA_BW_ 115
167 modulation_lora.cr LRHID _RADIO_LORA_CR_4_5:+
168 modulation_lora. ldro =
169 moden_result= 1110 radlo _set_lora_mod_params( &1r1110, &modulation_lora );
170 |«
17 packet_lora.preamble_len_in_symb
172 packet _lora.header_type LRHIO _RADIO_LORA_PKT_EXPLICIT;
173 packet _lora.cre = LR1110_RADIO_LORA_CRC_OFF;
174 packet_lora.iq = LR1110_RADIO_LORA_I0_STANDARD;
175 packet_lora.pld_len_in_bytes = PAYLGAD LENGTH: «
176 moden_result = [r1170_radio_set_lora_pkt_params( &1r1110, &packet_lora );s
17
174 modem_result= Ir1110_radio_set _rf_frea( &1r1110, RF_FREQUENCY );« I
174
180 pa_conf iguration.pa_sel = LR1110_RADIO_PA_SEL LP;
181 pa_conf iguration.pa_res_suoply = LR1110_RADIO_PA_REG 2 ier supr i by t slat
182 pa_conf isuration. P % cycle = D MO RAUIO PA T CLE
183 pa_conf iguration. le = HN:
184 pa_conf isuration.pa_hp_sel = DEHO RADIO PA HP_SEL DEFAULT
185 moden_result = |r1110_radio_set_pa_cfg( &Ir1110, &pa_configuration
186
187 1L RAM
188 IrHlU radlo c{ {x varam"( MIIHU D RAMP 80 US )

Figure 5-8-4-2 Location of frequency settings
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5.9. Zero Carbon board A (edge) with additional sensor

The following explains the steps required on the Zero Carbon board A (edge), Zero Carbon board B (GW
access) and GW in a system where a sensor is added to the Zero Carbon board A (edge).

Note: The following uses the example of the HS3001 (12C communication temperature and humidity
sensor) that the Zero Carbon board currently incorporates.

In the following overall system diagram, the output of the HS3001 (temperature and humidity sensor) is
passed to the gateway by serial communication via the LR1110 (the route shown in red in the following
figure).

Zerp Carbon board A (edge) Zero Carbon board B (GW access)

enesas REQ enesas REQ]

itz
&

s

apm

JBuRd

JEj05
4/1 pued

JEs

m m
I I
B 5

GW (gateway) LoRa®Cloud

LoRaRCloud

demo -

asn

el

85

M

a5
asn

El S

a0Md
A
¥
A
¥

41
JOWd

applicat]
on

i

te
calculsti
an

[ERTLY

BUUZUE

41
EUUFUE
SSND

OLLLETEeET

OLLLETHeH0T

41 vz ey
5 o

Development languages:

- Zero Carbon board A (edge) e
- Zero Carbon board B (GW access) 'C
- GW : python
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5.9.1. On the Zero Carbon board A (edge)

The software acquires the output of the HS3001 temperature and humidity sensor and uses LoRa®

communication to send the data to the Zero Carbon board B (GW access).

LR1110 transmissicn processing (edge)
tracker_tx()

(Processing omitted)

Scan for Wi-Fi access points
Wifilnterface_SpecificRuntime()
WifiScan_skip_redundancy()

Number of Wi-Fi access NO

peints
= 2
\ YES

LoRa® transmission GMSS reception LoRa® transmission
CommunicationDemo_Stare() sertech_GNSS_remote()
i h_rad lenf)
semtech_radic_rx_len() semtech_radio_rx_len{]

» |

JT Additional sensor
Acquire data from -

temperature/humidity sensor

read_hs200x() When adding a sensor, add data
Additional LoRa® transmissieracquisition and LoRa®
Perform LoRa® transmission of transmission processing here

temperature/humidity data
semtech_radio_tx_len()

Processing omitted

END

Figure 5-9-1-1
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Acquire data from
temperature/humidity sensor

Summarize the processing to access hs300x

Create a new main.c read_hs300x(} function

read_hs300x() \ ") Kura ]
74 ILF)  SEME) IO WS V- BEO 9VEI0W AJLTH)
I 1 2 14 (-4 & 7. T 15 =
static int&_t read_hs300x()< =
924 |{ «
925 int§ t ret;<
g%g - ret = hsﬂﬂxﬁeasurement,request():<-‘ ) Note that wait times will differ among
2 H—tret—t
378 APP_ERR_RETURN(ret);: < Sensors
,’g%g } else [« —
7 -
" g3 R_SYS SoltwareDeIavUOU SYSTEM_DELAY UNITS_MILLISECONDS): /% Wait for the measurement reac
/| 932 | _[ret = hs _data_tefch(&hs300x_datal ;-
933 TF (ret] L'
! 934 he300x_data.temperature = 40.0;<
;935 hs300x_data.bhumidity = 100.0;¢
i s ’ gg% L_' when there is a need o CONVert Maasuremants to
! _." 938 return ret;< physical values, include the processing here
/| ss2he 0
I« ' >
9599T 147 CRLF U+002F Sls L EN

Create the pr

for each

d issued to the hs300x (the hs300x fetches data on request)

Create a new hs300x.c hs300x_measurement_requestl) / hs300x_data_fetch() function

| L E 4.1.284¢
i \7?’.‘1-9‘5 EM(E) RO WS V- D4 FDW AILTH)
i \??m *_measurement _reduest (void] = RerLE mesne e Hbamen Sion) -
! 25t = =
{ 26 volatile int ret = Dje
\ 27| ¢
i 28 |// ret = [2cWriteBuffer( 212c0, HS300X_SLAVE_ADDRESS, 0, 0, 0);¢
| 29 read_buf[0] = 0;«
| 30 ret =[MTFCSTmeTe_WasTer lransmit(12c_sime e _channe [, Ao3UUR _SCAVE _AUDRESST $read_buf (U117
4 31| APP_ERR_RETURNC(Fet)T
\ 32 |
' 33 |// ret = I2cHriteBuffer( £12¢0, HS300X Sy 12 transmission processing
gg KHQD//.’-\PP _ERR_RETURN(ret == FAIL);¢ hx300x initiates measurement on receiving the slave address
L] 36 return 0;<
| 37 1« -
J< | >
Y =T ATt s Fetch measurement data (reception} J"“"“""“Jg“""""‘"‘
53 [T —
54 «
55 [TIC_Sinple _WasterReceiveliZc_simple_channel, HS300X_SLAVE_RDDRESS. read _buf, 4 J; =
56 RF'F’ ERRjEIURNl ret ] e
57 |/ = 12cReadBuffer( &12c0, HS¥Ge =LA i 1
58 |//for (;i) 1« - 12( reception processing
59 |« h¥300x returns 4 bytes of measurement data on receiving the slave address
Rl S HSANMNT =ets hit and olansahilitw e
| < -
5317 1% CRLF U+007B SHS (S F N
Figure 5-9-1-2
Perform LoRa® transmission of
temperature/humidity data Inside main.c tracker_tx() function
semtech_radio_btx_len() &) mair
JPAIAF SM(E) 3w el U=JUT) E(Q) DAUEIW) ALTH)
o 1 11 L i 13 L 14, " 15 L ([ 17, Ly 15 18 —
; semtech_radio_tx_len{ radio_data_buf ,radio_tx_len, ACK_RECEIVE_INTERVAL): < 2
System_time_wait_ms( 2000 ;e
#if (BOARD_TYPE_EVK_TORYQPOM == i
8 F1F (GETRSSI SR == 1) s pmsmgmsrtiritromss Ly e 91
endife S .
o Because the data retumed by the s300x is two crders of
/¢ hs300x Ture / bumidity( Bx send )& mogruels graser than i act i madngs the vefime
[wsi_ret = readJﬂsSOUx(). B |
HH—wst et —==1r |
wsl_temp (umtw _tJThsF00=_data.lemperature * 100,075 |
554 ws (uint16_t) (hs300x_data.humidity * 100.0f) ;<
A print statement & used 2 transform the messurement deta ta a fixed welue fmat 555 [«
Vou mast corider the number of dighs in the data sutput by the hsI00x GER m B T g
wei mp, wsi_bhumi , wec_rssi_pkt_in_dbm, nb_sat_ase
558 } else 1+
569 sprintf(radio_data_buf. "$TH ste=Xd : Temperature or Humidity Error¥n”,wsi_ret )i¢
This line implements LoRa® transmission B0 =
n b— [semtech_radio_tx{ radlo_data_buf, ACK_RETETVE_TNTERVALIT= ] |
562 Fendif |
563 |«
564 |< |
565 |#if (DEBUG_LED == 1)« |
566 svsten_time_wait_ms( 100 )i« . |
567 sprintflradio_data_buf, "#Date_Yalid=%d, WiFi=¥d, Assist=%d, Auto=¥d¥n",(intlassist_dat |
568 semtech_radio_tx( radio_data_buf, ACK_RECEIVE_INTERYAL);+
569 |#endif« ~
| < >
57147 2147 CRLF CRLF SNs EL N :
Fixed output format
TTH Temp=+2463. Hum(=4374, RSsI=-0ZF, WE_SAT-0000 ]
-~ 1. —
ID marker hs300x temperature hs300x humidity Exdge recaved fied strength Mumber of satellites J

Figure 5-9-1-3
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5.9.2.

On the Zero Carbon board B (GW access)

The software uses UART communication to send the temperature and humidity data of the HS3001 sensor

received by LoRa® communication to the GW.

LR1110 reception processing [GW access)
tracker_re{)

(Processing omitted)

|
LoRa® reception
semtech_radio_rx()
{radio_data_buf)

[

{Processing omitted)

raclio_data_buf

UART transmission of GNSS data

(Processing omitted)

= "@G" o UART transmission of LoRa@Cloud transmission >
- — reguest
no
radio data buf YES UART transmission of temperature/hurmidity
e = data to G >
— ——_ wart_fifo_send_string()
ND

Determined from 10 marker }—

Loop

/

)

END

Bacause received data is analyzed on the GW, the
receiver data ks transmitted in ful and unprocessed
b e GW

Inside maing tracker_ml} function

U
I R4F) SME) =Im(C) WWR(E L BEID D4UEIW) AdLTH)

[ 8 L I 2 73 f [N L iy L E P B L Ir f I L I8 —
02 Je -
03 sprintf(uart_send_buf, "fReceived & of mac address Xd¥r¥n”, (int )nbrResulte) ;+
To4 ) wart _fifo_send_string(8uartl_dev, uart_send_buf);+
705 L
06 [+
707 |#if SEND_TO_SERVER« ) -
T streevluart _send_buf, “ISENDY¥R™ )i+
04 vart_fifo_send _string(fuart(_dev, wvart_send_bufl;+
710 while (uart_fifo_send_f inished(fuartl_dev) == falsel:+
;H st rcpzﬂf}m rt_xnd_buf 0 (; lRES‘.ﬂJLI!n' N H |

} wart _fifo_send_string(fuartl_dev, uvart_send .
73 while (uart_fifo_send_f inished(8uart0_dey) = Determined from ID marker
714 [fandif = -
115 [«
116 g8 | $ {
17 streevluart_send buf, "WReceive from TH ")ie
719 streatluart “send but, radlo_data Buf T+
;;3 streat (uart _send_buf, “¥n"):ie
;gé vart_fifo_send_string(fuart(_dev, uvart_send _buf):+
723 H e[I —t = ]
724 A7 lanore commands other et
125 | UART transmission to GW
726 ]« w
€ »
TIAT 1HF CRLF U+0020 a5 i,
Figure 5-9-2
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5.9.3. On the GW

The software stores the temperature and humidity data of the HS3001 sensor received by UART
communication in variables and outputs the values as log data.

(e
I

(Procassng amitted)

Saral recaption l I
senalradtineg) Bt o0 3w MTORMECWTLITETy (eia Danect
o mocmcing dig T eton

ShTiary odTect ared sooe o ter s

Cotar InTEsrormTumiity des - g
e
L e

(Procassing omittad)

__»__—Jlﬁ—m-vm = res Wiiow Mgy Tamtety 5s 0, Vo s W bare] SR
= - "$Racoma from = M i Pt L S (e Doew et 1o, e
v, Bhrw b AR B N | ) el lang e
TX §TH Tadgw mcagnan RISL, GW seomrion RESL surewe of
WO WA ADw, rurvime of CASS wetel R fared
P (e vES
_aand - oR ‘ot — — Smmmw{otw-ﬁkk
acdress® Tound {gWi)
nNo
=
(Processing omitted) (Procassang omatad)
Loap
e Sl £ oty O 'O eeder. oy et a_need_dute!
L | .
250 a8 Y
{ P BS0D TR0 WS N W ATFENNT AN
'\ s ) [ SRR ST by Ve e X X P Vi v |
o Serant © PIoRNIra.mblr Ve e Satalli93000 -
" elsess
o elwemsi ¢ Float (re sl VD", =, duta[T:18]3).
a |
m i datalg] » Datarm e I
&3 sleexsi * glaraal 3--14 R
LI AR T e —————
a9 d P L A Baract el e
o € AL ES Rl TR R M OITILLY S€a G 0o
:;: ol F_hardle_coement (comment ) ¢ the: epactoet gt Costiny
o STeac & dloadlre, -.Alr W, datal 20231700 7100
& it datal28) »
" alese * aYe- O |
422
) ai ¢ flsatlre. sub(r 07, "7, detal#8:421)) 7 100,
44
oy skduerss) » 0l(~.l‘ re. wb (e, 7, datal%:%320) -
3¢ it Stald9] =
& abduerssi £|b¢r:‘ U B
o
:‘ 433 elnes = intre. e VD" °7, data{S2:5500),
] :,;: > A . . . X Outps twToersturnMum i iy dale
o 1 - g Sats
ol
o aAloam g
o privt (“glong ‘T dona Is
09 orioh | “eEdgorasit “ gfdgersnile
ol oriod (“alwrssi » Taberssl )e
o orivk Mt = i 1«
o0y eriea{"ebnes  * " e
50
om L.
a3 #Tens 0.8 # Teacorature:
w3l i 0.9 ¢ Hmiditys
LoT] wlati 0.9 ¢ Latitude
508 dors 2 0.9 8 Longitudes
ot sbduerssi » 0.8 ¢ Edee RSS1H
Lo wnrss) 0.6 ¢ 08 RSSI
“n LUK 0 8 Wity statlerss
s s 0 8 Goas stations
n, -
>
SN o v v urke LS

Temparature data () Humidty data (%)
S-nn 26, Data: 27 10 30 Dau 38 w4

oouive [rom TX $TH lw— 2465, Humi-ald RSSI-005 WE_SAT-O0
0123456 G VB 23456 D 67 2366780
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Figure 5-9-3-1
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The log output is as follows:

Execution rezultz

Zerp Carbon board & {edge)
= Zero Carbon board B {GW access)
= GW reception data

Logged temperatura/humidicy
data

Figure 5-9-3-2
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6. Debugging (when using E2Lite)

This chapter explains how to debug the software using Renesas' E2 Emulator Lite (hereinafter E2Lite).

6.1. Debugging in e? studio

- Stepl: Connecting the Zero Carbon board A (edge) and the E2Lite
Connect a flat cable to connectors indicated by the red boxes in Figure 6-1-1, paying attention to
the orientation of the pins.

E2Lite

20 pin
flat cable

5[ 7] 9 11[13[15[17]19 2[4 6] 8[10]12]12]16]18]20

3
4| 6| 8|10|12|14|16]18|20 113]5]7]|9|11)13]|15|17|19
Connector side Board side (20 pin emulator connector)
Figure 6-1-1
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- Step 2: Run/debug settings
From the Project menu, select Properties.

& ZeroCarbonProject WS - e studio — O x
J71UF) BEE) Y-AS) UIFPZFUYIT) FET-MN) i&%F(A) | JOVIZHMP) RenesasViews ZEIT(R) D4VFEI(W) AJLTH)

3 71N (B) [ an4950_gpio_re_256kb H 7017 &REL(E) R |
A gy @@ B Ei N JOUTI MEELA(S)
- -t ' - v| " Open Synergy Configuration Q %>| B C/Crr
. - Open FSP Configuration _ _
7091515270, = =] — Bz PORSAY & =
P - s FTATEILF(A) Ctri+Alt+B
ES T & -
=% LR1110_GNSS_256KB_Transceivt UH\‘EJ&E - ’ TS VERHTETITA
T0ITIEOEILE®) Q4B Ty HBYEE A,
%29y bOEILF W) ?
JU=2/(N)...
BEIAICE ILFM)
NEE 21y 8 @3- EMET-TuR > =g
C/C++ AYTUHRG) »FERE #2E~-mr
CDT FJkk-3Y-JL [LR1110_GN: TRTDEESEFES Alt+D
arm-none-eabl-gcc -mcpu= ch Devi Hittle-endian *mflA
arm-none-eabi-gcc -mcpus= ange Device little-endian -mfl
arm-none-eabi-gcc -mcpu= ¥ C/C++ Project Settings Ctri+Alt+P  [little-endian -mfl
arm-none-eabi-gcc -mcpus= T0/F4(P) little-endian -mfl

arm-none-eabi-gcc -mcpu=correx=moprus—marcr=armvo=m—memumo—mlittle-endian -mfl
arm-none-eabi-gcc -mcpu=cortex-m@plus -march=armvé-m -mthumb -mlittle-endian -mfl
arm-none-eabi-gcc -mcpu=cortex-m@plus -march=armv6-m -mthumb -mlittle-endian -mfl
arm-none-eabi-objcopy -0 ihex "LR1118_GNSS_256KB_Transceiver.elf"” “LR111@_GNSS_2
arm-none-eabi-size --format=berkeley "LR111@ GNSS_256KB_Transceiver.elf"

text data bss dec hex filename
178751 476 19968 191195 2eadb LR1110_GNSS_256KB_Transceiver.elf

14:39:56 Build Finished. @ errors, @ warnings. (took 11s5.912ms)

v
< > < >
Select Run/Debug Settings, and then click New.
{8 70/(71: LR1110_GNSS_256KB_Transceiver m] X
] s T
Y-
C/Ces EIE IOR-STREERAN TG Y- ST 3R BN EETET.
C/C++ —J2 'LR1110_GNSS_256KB_Transceiver' (EZN#ERL(F):
MCU FARN)...
Renesas QF
Task Tags E5(P)
\SE;ation WmE(E)...
JOUIOb-F-Fr- BIFE(L)
JOUIbER
E S IO
FIAIDETIT) #RWL
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Select Renesas GDB Hardware Debugging, and then click OK.

On the Debugger tab, select E2lite (ARM) from the Debug hardware drop-down list.

@ s T0ER m] X

{ERR T SEARDI{ TEER(S):

EIC/C++ PTUT—23Y

[E/GDB Simulator Debugging (RH850)
[c|Renesas GDB Hardware Debugging
[&Renesas Simulator Debugging (RX, RL78)

@ vl

@& =roEs

EER IO T oEE

O X

g

AFEI(N): |LR1 110_GNSS_256KB_Transceiver HardwareDebug

B A{ ¥ % Debugger| b Startup | 23&(C) & Y-2R

Target Device: | RTF701002xAFP

Debug hardware: [E1 (RH850) ~
COM Port (RL78)
GDB Settings CJE1 (RH850)
o [ETRY)
GDB =MHE: |£1/E20 (RLTS)
@ DO-7)l- GDB|E2 (ARM)
E2 (RH850)
YT} GDB
OUT-HGOBI ci7e)
E2 (RX)

GDB E2 Lite (ARM)

GDB IVYE:
[l Step Mode

Segger JLink (RX)

£2 Lite (RL78)
E2 Lite (RX)
£20 (RX)

EZ (RL78)

EZ (RX)
IECUBE (RL78)
J-Link ARM

w7 U= LERE

A& Ef(E IP PRELA: localhost
DB fi-+&ES: 61234

AEGRELRELCET (V)

BRI

vl
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Click the

-== button beside the Target Device field.

8 =noEs
EBERSOFoEE

ARI(N): |LR1 110_GNSS_256KB_Transceiver HardwareDebug

B A{ ¥ % Debugger| b+ Startup| ] #35&(C) | i YA

GDB Settings Connection Settings T/Vy4 - Y- L%
GDB ERET:
@ 0-h)L GDB H—/\-%E&hES HmArEErF IP PELA: localhost

O UE-FGDB H—/-nih GDB ifi—-E2: 61234

GDB

Debug hardware: E2 Lite (ARM) ~ | Target Device; | RTFOE01082CF|

GDB J¥YF:  |arm-none-eabi-gdb

[ Step Mode

RIEFRELREICET (V)

R

haac

In the Device Selection dialog box, click Device, RE, RE/RE_256KB, and R7FOE01182DNG, and
then click OK.

e O ®
Device Selection
You can filter devices by regular expression
Search Device
Device ()
v RE
~ RE/RE01_256KB
R7FOE01082CFM
R7FOE01082CFP
R7FOE01082DBH
R7FOE01082DBR
R7FOE01082DNG
R7FOEQ1182CFM
R7FOEQ1182CFP
R7FOE01182DBH
RTFOEQ1182DBR
RTFOE01182DNG
RE/RE01_1500KB
RE/REO1B
n v
® st
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On the Connection Settings tab, select No for the Power setting Power Target from the Emulator
(MAX 200mA).

| @ =50 o %

| ERER T ORE ﬁ\
|

BFI(N): | LR1110_GNSS_256KB_Transceiver HardwareDebug ‘
AV | B Debuggerl [ Startup| =] %B(C)‘E_/ ‘)—1|

| || Debug hardware: E2 Lite (ARM) ~ | Target Device: | R7TFOEDT182DN(

‘ GDB Settings Connection Settings  7){y4 - Y- L3 E

MEETTY Y1 AT -FERZBCI0v) - V- ADEEEFE TS B v oA
v F-Fykm-REDES
Izal-%- (Auto)
47T SWD v
EREE (kHz) Auto W
v Bif
I3L-9-NBEFFHETS (MAX 200mA) LE v
HHBE (V)
v ES LR
EREICU vy REERIST R FW v
IDI-F (/i ML) FFFFFFFFFFFFFFFFI]..,
M EEFHTF_RAEGHEBETR Hiy v N

AEGRELRECET (V) EAY)

@ *rvil
Click Apply, and then click OK.

@
| BRSO/ OEE

i
O
X

ERI(N): | LR1110_GNSS_256KB_Transceiver HardwareDebug

A4 | %5 Debugger| & Startup| =] %E(C]‘E./ ‘1*1|

Debug hardware: | E2 Lite (ARM) ~ | Target Device: | R7TFOEQ1182DNt

GDB Settings Connection Settings  7/{w4 - W— )8
WEITyY1- AT -SEEZESC/0y7- Y- A0EEFFT TS Bl VoA

v F-yk-i-FEDiER
Izal-4- (Auto)
9147 SWD v
FEFERE (kHz) Auto v

v Eif
TZ1L-F-N5EEEHIETS (MAX 200mA) LZ V]
HHREE (V) 33

v &5
EREC Ly MR RIS 3 v
IDI-F (/i M FFFFFFFFFFFFFFFFI ...
BT KAEETR Hi Vi

RIEGFELIREICET (V) BRI

@ vk
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Click Apply, and then click OK. This step is now complete.

{8 70/(71: LR1110_GNSS_256KB_Transceiver m] X
RAT/7 /IR il
Y-
C/Cas EE IOA-UTREBRRSNTNEY Y- EE 2R BAEEETELT.
C/C++ —J2 'LR1110_GNSS_256KB_Transceiver' (EZN#ERL(F):
Mcu EILR1110_GNSS_256KE._Transceiver HardwareDebt [ #i&(N)..
Renesas QE
Task Tags 1ES(P)
\f"alidation FE(E)..
Elly-
JOVTIb-F-Fr- HIBR(L)
JovIobEE

ETTIWIRE

< >

722/ MDETTT) AL

@ BRALTELE et

- Step 3: Zero Carbon board A (edge) jumper and switch settings
For details about the board setup when using a USB power supply, see the following resource:
Zero Carbon LoRa® Evaluation Board Tutorial
"5. Zero Carbon LoRa® Evaluation Board Jumper and Switch Layout Diagram”
When powered by USB: "b. Settings when using USB fast charging"”
Note: Because the voltage supplied by energy harvesting devices is unstable, you must power the
Zero Carbon board A (edge) with a USB power supply.
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- Step 4: Starting the debugger
From the Run menu, select Debug and then Renesas GDB Hardware Debugging.

Q ZeroCarbonProject WS - & studio — ] X
7R WEE) Y-R(S) VITHFUVHT) FET-MN) #F(A) TOVIZHP) Renesas Views ZFT(R) J4YF2(W) ALT(H)
5 7/07(B) €1 LR1110_GNSS_256KB_Transc ~ | 43| — Renesas Device Partition Manager
FEva @™~ Bin iRt ik @ facex N
R G > o | B Tracealyzer >
B 70yrsh-I5270. ® T 0 @ ETR) Ctrl+F11
2% T 8 1% FIwID) F11
125 LR1110_GNSS_256KB_Transceive EITREE) >
O =fT(S) 4
EATEMRIN)..
T IV ITEEH) >
[ 1 GDB Simulator Debugging (RH850) I TIYIG) 2
2 Renesas GDB Hardware Debugging TIN5 DERL(B)...
[ 3 Renesas Simulator Debugging (RX, RL78) 5
’ TL—a%4 2V FR(R) >
B 4020 C/Crs TTUT—23Y &)
& ¥ ¥ Ctrl+Jb+B
arm-none-eabi-gcc -mepu=cortex-m@plus
arm-none-eabi-gcc -mcpu=cortex-m@plus
arm-none-eabi-gcc -mcpu=cortex-m@plus DA
arm-none-eabi-gcc -mecpu=cortex-m@plus S FOTYEZ (M)
arm-none-eabi-gce -mcpu=cortex-m@plus ) ' ik _j“)
arm-none-eabi-gcc -mcpu=cortex-m@plus FNTOT V71 b EHIBRV)
arm-none-eabi-objcopy -0 ihex "LR1118_1 g A EBY—UE) >
arm-none-eabi-size --format=berkeley "U - = —
text data bss dec hex filename
170751 476 19968 191195 2eadb LR111@_GNSS_256KB_Transceiver.elf
14:39:56 Build Finished. @ errors, @ warnings. (took 115.912ms)
v
< > || < >

Click the Switch button.

I8 x-zrorrovEz0ms X

‘o This kind of launch is configured to open the 7 /{44 perspective when it suspends.
° 4

L=®Lross=RT5R)

ZOT T - ARG TATE. FTVT-23y0T i I & - a3 CREENTNET. JhiZ
B TIWwT - 2997, £, S&UT - IR{ I MEBERTT L 1-MEHAENTVET.

Switch to this perspective?

YVEZ(S) LWWZ(N)

Note: If an error message like the following appears, disconnect the USB cable from the E2Lite
and the Zero Carbon board A (edge). Then, reconnect the cable, first to the E2Lite and then to
the Zero Carbon board A (edge).

B H#9I5- (GDB H-/(-): X
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- Step 5: Start debugging

Press the F8 key or click the Resume button shown in the red box in the following figure.

8 ZeroCarbonProject_ WS - LR1110_GNSS_256KB_Transceiver/Device /startup_RED1_256KB.c - & studic - ] ®
JAAME SEEIE) U-RS) UIrEFUNAT TEY-HN) TN TOVISHP) RenesasViews EATIR) T4MFIW ALTH)
B |4 @[ FITeE) w | E1LR1110 GNSS 256KB Trans: ~ 1 | A2 --- w - BR300 [ RN T
BB HF U b IF QSIS B Y S ST THytD Gy v FIRZIMIFB) |C/C++ 4 Fiys
3 T 2 B lTngrsb-L 2 T B Estarup REO1_256KB.c i I8 maing =0 wegroetiodr BP0 M - o
= | v § BET i 2 { ~ |4 & Eou | =4
~ [ LR1110_GNSS_256KB Transct » = LR1110_GNS5_256KE. SystemInit(};
w i LR1110_GNSS_256KB_Trar i
o . ) #if defined(_ TCCARM_ )
o Thread #1 1 (single co iar_program_start();
= : ol = H
B Reser Handler( wi: #elif defined(_ GHUC_ )
o arm-none-eabi-gdb (78.: uint3Z_t bytes;
il Renesas GOB server (Hosl uintf_t * pstart = (uwintd t *)&
uint®_t * psource = (uint3_t *)&
uint t * pdest = (uintd t ")&
/% Zero out BSS */
bytes = (uint32_t)}&_ bss_end__ -
& while (bytes » {ulnt3z_t)e)
{
bytes
pstart[bytes] = (uinti? t)@;
/% Copy initialized RAM data fro
3 bytes = (uintd2 t)& data end 7
< > < »
B Iy-k 2 W LPAS— [ EE @ 39— 779Y- RDebugger Console [ 7Ty -2al 0 ATU- =0
L] % bl EE AR
LR1110_GMNS5_256KE_Transceiver HardwareDebug [Renesas GDE Hardware Debugging]
SrO-mEET -
A D= BA PR L 201 38l BIELET .
-
< >
https//www2renesa..ompositeContentjar — M &

Running, Suspended, or Standby appears in the status bar according to the status of the debug

process.

< ¥
Oyl 2 W LTRF- Fl M R I9-F-T737. & DebuggerCo. [ Fiwd vl O ATYU-

LR1110_GMSS5_256KE Transceiver HardwareDebug [Renesas GDE Hardware Debugging]
Communication FPGA a8

Emulator Information:

Emulator Board Rewision ELTTE Rev.8
User Veco 3.27583 W
€D Buir Mecann 4 noan3 u

_

w ZeroCarbonProject WS - LR1110_GNS5_256KE_Transcever/Device/starup_REDT_256KB.c - & studio - [m] *
JPIME SEEE) V-RS) UIFUBAM FEY-HN) s®iA) TOVIYMP) Renesas Views FTR) G4WFOMW AJLTH)
&[4 ®]|[# 70 v||F R1110_GNS5_256KB_Trans v 1 A v 3[ipd - R TR
oy Biw|e-nm B R IR Qo it DD R N
e Q | R Tt
o T b Lo g B = R startup_REDT_256KE.C &2 S8 megn %t BT s =
« [ LR1110_GNSS_2S6KE Transceiv S2 ~ CETESES
w & LR1110_GNS5_256KB_Transc SystemInit(); ESS ] "
8 Thread #1 1 (single core) |
. —— #if defined(_ ICCARM )
sl arm-none-eabi-gdb (7A2) .
N X __lar_program_start();
wil Reresas GDB server (Host) 8 #e1if defined{_GNUC_ )
uint32_t bytes;
uint® t * pstart = (uint8_t
uintd_t = psource = (uint8_t
uints_t * pdest = (uint8_t
/¥ Zero out BSS =/
bytes = (uint3z_t)&_ bss_end_
while {bytes » (uint32_t)a)
h v

- BRE#EE e

The process will sometimes stop at a hardware breakpoint during the first run. If this occurs, click
the Resume button again.

Press the trigger switch on the Zero Carbon board A (edge) and confirm that it works.
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- Step 6: Setting a breakpoint
Right-click the left of the line of source code where you want to place a break, as indicated by the

red box.
& ZeroCarborProject WS - LR1110_GNSS_256KB_Transceiver/main. - e” studio [m] X
TFUE) \|EE) Y-RS) YIrFFUVIM FET-HN) BFA) TOVIZHP) RenesasViews FATR) P4YEIW) ALTH)
15 7y (B) ~ || B LR1110_GNSS_256KB_Transc v © | Az |- v (mid R RS AT N =]
NP HERES R PFTRE R A ) SWBHF oD Q @‘EUCH 7Y
T B = O [d startup_RE01_256KB.c  [& mainc 2 S8 wgmeyxrlhy s T 0
EEIERE B system_time_wait_ms( 3000 ); ~A @ RN EY ]
~ [ LR1110_GNSS_256KB_Transce 543 semtech_radio_tx_len( radio_data_buf ,radio_tx_len, ACK_REC B
- - - 5| %
v @ LR1110_GNSS_256KB _Trar 242 ¥ i . .
@ Thread #1 1 (single co gi’ system_time_wait_ms( 2000 );
= 546
» arm-none-eabi-gdb (7822 5,5 “#1if (BOARD_TYPE_EVK_TOKYOCOM == 2)
». Renesas GDB server (Host 548 “#if (GET_RSSI_SNR == 1)
549 1r1110_radio_get_lora_pkt_ status( &1rl111@, &pkt_status );
#endif
// hs30@x get temperature / humidity( Rx send )
wsi_ret = read_hs300x();
& if( wsiret ==0 ) {
wsi_temp = (uintl6_t)(hs300x_data.temperature * 100.0f)
wsi_humi = (uintl6_t)(hs300x_data.humidity * 10@.0f);
sprintf(radio_data_buf, "$TH Temp=%+@5d, Humi=%@4d, RSS
wsi_temp , wsi_humi , wsc
e } else {
sprintf(radio_data_buf, "$TH sts=%d : Temperature or H.
e e e e
< >
BIvy-) % W LYRS- [l BE & Av-F- 7374~ @ Debugger Console [1] 7/{y7 ¥1l 0 ATY- ==
L | PEE -
LR1110_GNSS_256KB_Transceiver HardwareDebug [Renesas GDB Hardware Debugging]
Communication FPGA 00 ~
e - .. v
< > < >
(4] @
EZAHTE AV-MEA 553:1:16160
Click Toggle Software Breakpoint.
& zeroCarbonFroject WS - LR1110_GNSS_236KE_Transceiver/main.c - ¢ studio - O b4
JAAME SEEIE) U-RS) UIrEFUNAT TEY-HN) TN TOVISHP) RenesasViews EATIR) T4MFIW ALTH)
& |[# @] wFrem ~| [ LR1110_GNSS 256KB Trans: ~ © |3 - @0 BE-{-GE S ey -]80
u LW i 8% FrQvili CALH HURE R AR gl Q | RGCH BT
= startup_RECM_?S6KB.c  [E mainc & =4 - L =] " B
= | = S42 system time wait ms{ 3808 ); A 4 k]
~ [E] LR1110_GN3S5_256KB_Transo 3 Toggle Software Breakpoint io_tx_len, ACK_REC = | %
~ @ LR1110_GNSS_256KE_Tr Toggle Hardware Breakpoint
[ L)
. fmTT;::e:;. i Tt MOYRRIK) Ctlsu7hB
. N y A=l v HERn(A)... i+ FIN- S
o Renesas GDB server (Ho: e
Add Dynamic Printf..
= e .  Bpkt_status };
ST YR
TL—giiA b
T4 FRR) * fend )
Switch Default e2 studic Breakpoint type to Scftware |
BERLEITTLOELEE ClrvAltsSIM4B | e * 160 o)
. Teorip . erature ;
BRLEIPL0e Y-l Clil+Alt+ 2T k+C idity * 100.84);
bt
g §d, Humi=%¥0dd, RSS
, wsi_humi , wsc
Temperature or Ho
.
De el Hyrbeis vl 0 AEU- =0
= EFETY-AYTT ] RS T
LR13 i G) Clrl+
T BB HIEIVER ~
- Wi A v HOE SRk 5
i > <L Validate 2
P A e
FZHTRET), g
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When you press the trigger switch to run the code, execution stops at the specified break point.

a ZeroCarbonProject WS - LR1110_GNSS_256KB_Transceiver/main.c - €? studio

TPIMR) WEE Y-AS) UIFHFUVIT) FET-MN) #FA) JOVIZMP) RenesasViews FE(T(R) D4YEIW) ALT(H)

4 FIH(B) 1 LR1110_GNSS_256KB_Transt A |- o~ R S|
w0 IR R BIR|BrUrilk Qe BP0
TS = “ B [dstartup REO1_256KBc  [£ mainc
B %| i+ 8 542 system_time_wait_ms( 3600 );
~ [& LR1110_GNSS_256KB_Trans 543 semtech_radio_tx_len( radio_data_buf ,radio_tx_len, ACK_REC
~ i LR1110_GNSS_256KB_Tr :4': . )
« o Thread #1 1 (single co gj' system_time_wait_ms( 2000 );
= tracker tx) atmain £ )5 “#if (BOARD TYPE EVK TOKYOCOM == 2)
£ semtech main() at 1{ | 545 “#1f (GET_RSSI_SNR == 1)

= main() at main.c:3i 549 1r111@_radio_get lora_pkt_status( &1r1110, &pkt_status );

s arm-none-eabi-gdb (7.8, #endif
5 Renesas GDB server (Hosl
// hs30@x get temperature / humidity( Rx send )
wsi_ret = read_hs300x();
& if( wsiret ==0 ) {
wsi_temp (uint16_t)(hs300x_data.temperature * 100.0f)
wsi_humi (uint16_t)(hs300x_data.humidity * 100.0f);

sprintf(radio_data_buf, "$TH Temp=%+05d, Humi=%@4d, RS
wsi_temp , wsi_humi , wsc
© } else {

sprintf(radio_data_buf, "$TH sts=%d : Temperature or H.

< >

B ayy-b = 8LV P EE @ A9-k- 7777 & Debugger Console [i) 7/{y7-vIl O XEY-

LR1110_GNSS_256KB_Transceiver HardwareDebug [Renesas GDB Hardware Debugging]
UWarning 0x10046207: (Warning)MCUDASV-IIRASERRIRL T, D7/ HIMBEHFELELI.
> <
0x2000d62a @ 1041

STAHTLE

30ms @ System Time

AN-MEA

553:1:16160

= a

[m] X
' ®®yvise

Q B BCCH+ AT
weg el u iy % =8
FREBFH | F P

BEBE®|N
g

~

2 mainc [{T:553]

BEOERCR. FRTeHEESBY
FHA.

v
= a8
B RESE 2 -9

~

v

To resume code execution, click the Resume button.

To remove the breakpoint, right-click the location of the breakpoint and then click Toggle Software

Breakpoint.

You can also clear a breakpoint by clearing the check box in the Breakpoint window displayed by

pressing ALT + Shift + Q, B.
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- Step 7: Checking variable values

Stop execution by setting a breakpoint in the source code where you want to check the value of a
variable, and align the mouse cursor with the variable you want to check. The contents of the

variable appears in a pop-up window as follows:

8 ZeroCarbonProject WS - LR1110_GNSS_256KB_Transceiver/main. - €° studio - [m] X
I7AIUF) BEE) Y-AS) YIrFFYSIM FET-MN) #F(A) JOVIZMP) RenesasViews FT(R) 24YEW) ALTH)
5 F/YB) [ LR1110_GNSS_256KB Trans: e o (B -RrBiE ey ED
MNELE BRI SRk BB H-Froderor|m Q @] mo/cH+ B FUY
E-SYICT = O [g startup_RE01_256KB.c  [€ mainc & S8 wmmeyxHT s —0
B %| = 3 A ERRBE s | BP]|
~ & LR1110_GNSS_256KB_Transct system_time_wait_ms( 2000 ); B0
v B LR1110_GNSS_256KB_Trar 2
« o Thread #1 1 (single co < #if (BOARD_TYPE_EVK_TOKYOCOM == 2) 8 o
= gie “#if (GET_RSSI_SNR == 1) [ » mainc [7: 558]
= tracker_tx() at main 1r1110_radio_get_lora_pkt status( &1lrl11@, &pkt_status );
emtech_main() at1 #endif
= main() at main.c:30.
s arm-none-eabi-gdb (7.8.2 // hs3@ex get temperature / humidity( Rx send )
£ Renesas GDB server (Hosl wsi_ret = read_hs380x();
® if( wsi_ret == 0 ) {
wsi_temp = (uintl6_t)(hs30@x_data.temperature * 100.0f)
wsi_humi = (uintl6_t)(hs3@@x_data.humidity * 100.0f);
. . ES o a FFLR
sprintf(radio data B . o .00 et 200 dats 1 1 0x200135¢
e ternperatre flaat 24ASTIEIR 2001305
u } else { o humidity Flaat 47527706 [ EL
sprintf(radio_data_|
semtech_radio_tx( radio |ER : hsipax_data ~
#endif Details :{tesperature = 24.4578618, humidity = 47.9277386)
Tk, .}
< 10 #E:{.,.}
16 #:{...}
D Ivy-)l 8 LYRS- [l B8 @ AN-k-J59%- & Debug T LT P S &
LR1110_GNSS_256KB_Transceiver HardwareDebug [Renesas GDB Hardware Debugging]
~
v
< >« >
0x2000d66¢ @ 1710000 us @) System Time
FEAH AR AN-hEA 556:40:16333

TNS21255 Tachibana Electronic Solutions
Apr. 28, 2022

Page 57 of 67



Zero Carbon LoRa® Evaluation Board Software Development Procedures v1.00

7. Acquiring a Manage Token from LoRa® Cloud

The following explains how to acquire a Manage Token from LoRa® Cloud.

7.1. Acquiring a Manage Token

See the following resource:
Zero Carbon LoRa® Evaluation Board Tutorial
"3. Setting up a LoRa® Cloud Account"
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8. Current Measurement Method and Current Consumption

8.1. Current measurement method

The following shows how to measure the power consumption of the Zero Carbon board A (edge).

Figure 8-1-1 shows an overall view of the connections among devices.

PC

uUsB
connection

GND
VCC
¥ m"'é"!'; 'm:
Power supply and power
measurement board
Figure 8-1-1

Zero Carbon board A (edge)

The power supply and power measurement board requires the STM32CubeMonitor-Power software
together with an ultralow power consumption tool and accompanying software.

For information about how to set up and use this system, visit the following URL:
https://www.st.com/resource/en/user_manual/um2202-stm32cubemonitorpower-software-tool-for-power-and-ultralowpower-measurements- stmicroelectronics.pdf

For details about the power supply and power measurement board (X-NUCLEO-LPMO1A), visit the

following URL.:

https://www.st.com/content/st_com/ja/products/evaluation-tools/product-evaluation-tools/stm32-nucleo-expansion-boards/x-nucleo-lpm01a.html
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Figure 8-1-2 and Table 8-1-1 show the settings for the Zero Carbon board A (edge).

- Reg . Iated

power
. supply
)@ ) 'Grgf\ ﬁl
@ w

Zero Carbon board A (edge)

EHMD MD
e
JP1 JP2 JP5 L v i v
(0 S SR
= JP4 JP3 e |
Power source I . JP7 JP10 JP8 JP9
VCC HE
:
Power source
GND
Figure 8-1-2
Table 8-1-1
JP1 Open
JP2 Open
JP3 Connect VCC power
source to pin 1
JP4 Open
JP5 Open
JP6 Open
JP7 1-2
JP8 Connect GND of
power source to pin 1
1-2
JP9 1-2
JP10 2-3
SW1(EHMD) Low
SW2(MD) High
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8.2. Current consumption

The sample code conducts a Wi-Fi scan. If the Wi-Fi scan is unable to obtain enough Wi-Fi Mac
addresses (> 4) to determine location, the sample code updates the GNSS almanac data and performs a
GNSS scan. You might encounter this scenario when using the system in mountainous areas or in the
middle of the ocean where Wi-Fi is out of range.

You can select whether to update almanac data (Assisted Mode/Autonomous Mode). Updating almanac
data (Assisted Mode) yields an approximate 7dB improvement in GNSS reception sensitivity (for details, see
the SEMTECH Application Notes).

* Results of Wi-Fi tracking current measurement
Total 64 mJ (26mC@2.5V)

- MCU#E)
CREERY
- wifiZ ¥ v

+ LoRait{E

1
‘T « 3fwait

Figure 8-2-1
* Results of GNSS tracking current measurement
Total 503 mJ (201mC@2.5V)

- MCUEE) - LoRaid{a

cREER Y
s wifiZ ¥ ¥ - GNSSZ2 % v

/ | L
cTARFy T —REH n

PINANAE MUY Rl ML

i A A

Figure 8-2-2
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e Balance between energy harvested and consumed

200 (indoors)

Not relevant due to lack of

(typical room) 30 14.4 GNSS reception indoors
Solar film 500 (indoors) 80 54 Not relevant due to lack of
(bright room) ' GNSS reception indoors
For
Lnsdeoor/outdoor 44 % 30 018 0.2 3,000
e (outdoors)
BCS4430B6 200 0 6.7
(TDK) (full shade)
5,000
(outdoors) 640 0.7 5.2
(full shade)
Solar panel
Indoor luminance 200 (indoors)
specifications 58.1x486 1.1 78 45.7 95 (I\Igiltsrglevant Sjue.todlack of
' ' ' ’ i ' : reception indoors
AM-1815 (typical room) p
(Panasonic)
Solar panel
Qutdoor 50,000
luminance (outdoors)
(bright
AM-5812 overcast sky)
(Panasonic)
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https://product.tdk.com/system/files/dam/doc/product/solar-cell/catalog/film-solarcell_bcs_ja.pdf
https://panasonic.co.jp/ew/psam/products/
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https://panasonic.co.jp/ew/psam/products/
https://panasonic.co.jp/ew/psam/products/
https://panasonic.co.jp/ew/psam/products/
https://panasonic.co.jp/ew/psam/products/
https://panasonic.co.jp/ew/psam/products/
https://panasonic.co.jp/ew/psam/products/
https://panasonic.co.jp/ew/psam/products/
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9. Troubleshooting

Table 9 lists problems that might occur and the action you need to take when they do.

Table 9 Troubleshooting
Related Problem Solution
section

21

The GW application fails to
start

If the version of Python is earlier than 3.5, upgrade to Python version
3.5 or later.

If multiple instances of Python are installed, you might not have set
the path of the instance you installed most recently. See 11.
Troubleshooting in the Zero Carbon LoRa® Evaluation Board Tutorial.

The port number of the PC port to which the Zero Carbon board B
(GW access) is connected is incorrectly set.

With board B connected to the port, check the port number in the
Ports (COM & LPT) node of Device Manager.

A solar powered Zero
Carbon board A (edge) does
not boot

The microcontroller requires a start-up voltage of approximately 2.6
volts. Either wait a while for the battery to charge, or use USB fast
charging to charge the battery before reconnecting the solar panel.

53.4

The Patch command fails

Run the command as a user with administrator privileges.

Place the Patch data file at the same level as the ZeroCarbon folder in
the folder structure.

5.3.7

Build does not complete
successfully

The Patch command might have failed. Try again by repeating the
steps from 5.3.3 onward.

The code file downloaded in 5.3.2 might be the wrong version.
Download the specified version of the code file and repeat the steps
from 5.3.3 onward.

6.1

Zero Carbon board A (edge)
does not connect to E2Lite

When connecting the E2lite to a PC, connect the USB cable to E2Lite
first, and then connect the power supply USB cable to the Zero
Carbon board A (edge).

Alternatively, check the orientation of the flat cable that connects the
Zero Carbon board A (edge) to the E2Lite.

The program code does not
use GNSS to estimate
location

GNSS reception is used to estimate location when a Wi-Fi scan finds
fewer than three access points.

Either shield the Wi-Fi antenna or modify the code for the Zero
Carbon board A (edge) to perform GNSS reception only.

The trigger switch does not
function

The Zero Carbon board A (edge) and Zero Carbon board B (GW
access) might have been flashed with the wrong firmware.
Alternatively, the Zero Carbon board B (GW access) that connects to
the GW might have the wrong firmware. Review the setup again.

We recommend that you label the Zero Carbon board A (edge) and
Zero Carbon board B (GW access) to ensure the correct firmware is
flashed to the correct board.

Renesas Knowledge Base

(FAQ)

For details about the RE family of microcontrollers, visit the following
website:
https://ja-support.renesas.com/knowledgeBase#31135
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10. Precautions for Use
Note the following when using the Zero Carbon LoRa® Evaluation Board (model name: PC-1570001):

» The PC-1570001 is a board that embodies the reference design provided by Renesas' Zero Carbon
Solution” concept. Because its use case lies solely in evaluation, we can make no guarantees regarding
its operation or circuit design. The schematics and bill of materials shown in P38 onward of the User's
Guide are those of the Zero Carbon Solution®.

* The circuits and other related information described in resources related to the PC-1570001 board are
intended only as examples of the operation and application of semiconductor products.

It is the responsibility of the customer to evaluate this information thoroughly when designing their
equipment and systems.

Renesas accepts no responsibility for damages resulting from the information in resources related to the
PC-1570001 board. This includes damages incurred by the customer or any third party (the same
applies hereinafter).

» The PC-1570001 does not represent an ideal reference design for the final product, nor does it satisfy
regulatory standards that apply to the final product.

» Tachibana Electronic Solutions makes no warranty and assumes no responsibility for any infringement of
patents, copyrights, or other intellectual property rights of third parties or disputes arising from the use of
the product data, diagrams, tables, programs, algorithms, application circuit examples, and other
information described in related documents.

» The PC-1570001 grants no license to any patent rights, copyrights, or other intellectual property rights of
Tachibana Electronic Solutions or any third party.

» Do not, in whole or part, alter, modify, reproduce, reverse engineer, or otherwise improperly use the PC-
1570001. Tachibana Electronic Solutions is not liable for any damages caused by any such modification,
alteration, reproduction, or reverse engineering.

* The PC-1570001 is not intended for use in equipment or systems that might directly endanger life or
limb (such as life-support equipment and items implanted in the human body) or cause significant
property damage (such as space equipment, submarine repeaters, nuclear power control systems,
aircraft control systems, core plant systems, and military equipment), nor do we anticipate its use in such
applications. Tachibana Electronic Solutions is not liable for any damage caused by use of our products
for unanticipated applications.

* The PC-1570001 and its technology must not be used in equipment or systems whose manufacture,
use, or sale is prohibited by domestic or foreign laws and regulations. When exporting, selling, or
transferring our products or technology, ensure that you comply with the Foreign Exchange and Foreign
Trade Law and other applicable export control laws and regulations of Japan and other countries, and
follow the necessary procedures.

« If the customer resells or otherwise transfers the PC-1570001 to a third party, the customer is
responsible for notifying the third party in advance of these terms and conditions.

* Reproduction or duplication of resources related to the PC-1570001 board, in whole or in part, is
prohibited without our prior written consent.

* The PC-1570001 can generate, use, and emit RF energy that can cause harmful interference to radio
communications. It can also be affected by EMC considerations.

 Cautionary note regarding the sample program
The sample program is a product of the open-source community. Conditions of use and compensation
are defined by the GitHub website, and any support requests can be submitted to the GitHub community.

#: Zero Carbon Solution:
https://www.semtech.com/company/press/semtech-ryoden-and-renesas-electronics-launch-zero-
carbon-solution-with-the-lora-edge-platform-and-a-re-microcontroller
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11. Disclaimer

By using the evaluation board (model name: PC-1570001), the customer agrees to the following terms and
conditions:

» The PC-1570001 is not guaranteed to be free of defects. Any risk related to the results and performance
of the PC-1570001 is borne entirely by the customer.

» The PC-1570001 is provided as-is without warranty of any kind, either express or implied.

» Such warranties include, but are not limited to, implied warranties of fithess for a particular purpose,
salability, and non-infringement of authority and intellectual property rights. Tachibana Electronic
Solutions expressly disclaims all such warranties.

* Tachibana Electronic Solutions does not consider the PC-1570001 to be a finished product. For this
reason, the PC-1570001 might not yet comply with some requirements applicable to finished products,
such as recycling, restricted substances, and electromagnetic compatibility regulations.

« It is entirely the responsibility of the customer to ensure compliance with all regulations that apply in the
customer's locale.

* Neither Tachibana Electronic Solutions nor its affiliates are liable for any lost profits, loss of data, loss of
contract opportunities, loss of business, loss of reputation or goodwill, economic losses, or costs
associated with reprogramming or recalls (whether these losses are direct or indirect). Neither
Tachibana Electronic Solutions nor its affiliates are liable for any other special, incidental, or
consequential damages, either direct or indirect, arising out of or in any way connected with the use of
the PC-1570001, even if we have been advised of the possibility of such damages.

» Tachibana Electronic Solutions provides no guarantee that all applications or parameters of part numbers
supplied by other vendors in this document exactly match those of the other vendors. The information in
this document is intended solely to enable the use of our products.

* No express or implied license to any intellectual property rights is granted by this document or in relation
to our products.

» Tachibana Electronic Solutions reserves the right to change product specifications and descriptions at
any time without notice.

» Tachibana Electronic Solutions is in ho way liable to the customer for any damages resulting from errors
or omissions in the information contained in this document.

» Tachibana Electronic Solutions cannot verify and is not responsible for the accuracy of information
contained in websites published by other companies.

TNS21255 Tachibana Electronic Solutions Page 66 of 67
Apr. 28, 2022



Zero Carbon LoRa® Evaluation Board Software Development Procedures v1.00

Revision History

Revisions

Rev. Publication date Pages

Description

1.00 Apr. 28, 2022 - First publication

m Contact Information

TACHIBANA ELECTRONIC SOLUTIONS CO., LTD.
P st TIEEFYUa-3 VX

1-13-25 Nishi-honmachi, Nishi-ku, Osaka 550-8555, Japan
TEL: 06(7222)8211
E-mail: tcs_info@tachibana.co.jp

TNS21255 Tachibana Electronic Solutions
Apr. 28, 2022

Page 67 of 67




