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Indoor Air Quality Monitor: Firmware Creation Using Atmel
START and MPLAB® Code Configurator (MCC)

Introduction

Authors: Babashree Ingale, Ankit Phougat, Microchip Technology Inc.

The indoor Air Quality Monitor (AQM) is implemented using the AVR-loT WG development board from Microchip, and
sensors and several click boards from MikroElektronika. The AVR-loT WG development board is equipped with
Microchip’s ATmega4808 microcontroller (AVR® MCU), ATECC608A CryptoAuthentication™ secure element, and
ATWINC1510 Wi-Fi® module.

The AQM monitors the humidity and temperature along with main airborne contaminants such as particulate matter
(PM, 5), Carbon dioxide (CO5) and total volatile organic components (TVOC). The microcontroller processes these
acquired readings and calculates the Air Quality Index (AQI) from the readings of the PM, 5 sensor. The AQI and
other acquired air quality parameters are stored on external EEPROM, displayed on the OLED, and uploaded to
Google Cloud.

AQM Documentation Overview
The following documents cover the AQM system documentation.

1. This application note covers the usage of AVR-IoT stack (AVR-loT WG source code) for the AQM application.
Additionally, it covers configuration details of microcontroller peripherals and click boards, using Atmel START
and MCC. The indoor AQM application is created on top of the AVR-loT WG source code.

2.  The “AN3403 - Indoor Air Quality Monitor: Concept and Implementation” application note describes the
hardware and firmware overview of the AQM system and its power considerations.

3. The "Indoor Air Quality Monitor: User Guide” covers hardware setup, hardware connections, operating steps,
LED indications, provisioning of the AVR-loT WG board’s Wi-Fi module, and visualization of AQM Data over
the cloud.

It is recommended to read the “AN3403 - Indoor Air Quality Monitor: Concept and Implementation” application note
before reading this firmware creation guide.
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1. Indoor Air Quality Monitor Firmware Creation Using Atmel START

This section covers the list of steps to generate AVR-loT WG source code with Atmel START, and the process to
create indoor AQM application firmware.

Table 1-1 lists the software tools and versions used for the creation of the firmware using Atmel START. It is
recommended to use tools of the mentioned or higher versions.

Table 1-1. Software Tools and Versions

Software Tool Version

Atmel Studio 7 v7.0.2397
Atmel START v1.7.279
ATmega_DFP v1.4.331
AVR GCC v5.4.0
avr8-gnu v3.6.2.1778

1.1 Generating AVR-loT WG Sensor Node Example Project
* Open Atmel Studio. Go to File — New — Atmel START Example Project.
* Wait until the BROWSE EXISTING EXAMPLE page loads.

Tip: Maximize the page for better experience.

» Search and select AVR-IoT WG Sensor Node example. Then click OPEN SELECTED EXAMPLE.
Figure 1-1. AVR-loT WG Sensor Node Project

Atmel |START What's New | Help

BROWSE EXISTING EXAMPLES

Atmel START examples are a great starting point for embedded programmers. Example projects will work "out of the box" but are also easily to modify using Atmel START.

Example projects are tailored for each compatible board and device, resulting in high quality production ready code with a small memory footprint. Read the available user guides to get more
information about each example.

Looking for older examples? Atmel Software Framework 3 contains previous releases of non-configurable examples.Click File - New - Example Project menu in Atmel Studio to see the ASF3

examples.
Search: IAVR-IDT WG Sensor Node I Category: Board: |
Name Categories Description Board(s) supported User guide

AVR I0T Alibaba Cloud L—3 m A A sensor node for the Alibaba loT Cloud based on the ATmegad808 AVR loT WG User guide
Sensor Node ol 4 © ATmega4808, WINC1510 and ECCE0BA.
AVR loT WG Sensor Node - m A sensor node for the Google IoT Core Cloud based on the ATmega4808 AVR loT WG User guide

- tm ATmegad808, WINC1510 and ECC60BA.

—

AVR loT WG Sensor Node f,‘;\ . Al A sensor node for the Google 10T Core Cloud based on the ATmegad808 AVR loT WG User guide
with AirQuality Click < ta (@) ATmega4808, WINC1510 and ECCE0BA.
AVR I0T WG Sensor Node - m A A sensor node for the Google 10T Core Cloud based on the ATmegad808 AVR loT WG User guide
with Weather Click JORN 54 (@) ATmegadB808, WINC1510 and ECCE0BA.

» The Dashboard view of the microcontroller peripherals and its driver’s configuration window opens.

© 2020 Microchip Technology Inc. Application Note DS00003417A-page 3



AN3417

Indoor Air Quality Monitor Firmware Creation ...

Figure 1-2. Dashboard View

Atmel ‘START ATmegad808 What's New | Help

MY SOFTWARE COMPONENTS @

[=]
o how system drivers @O
< e Add software component ” puariion
2 Show hardware @
o r
2 O System driver
a
E S —
CRYPTO,_
| SCHEDULER | I ADC_O I | USART_D | I MQTT_IOT 0 I | cuo | I WIFIO I I ASTHENTIGATION |
E | SPLD | I 12co |
80D I I CPUINT | | CLKCTRL I I SLPCTRL |
AVR IOT WG SENSOR NODE ®
A sensor node for the Google loT Core Cloud based on the ATmega4808, WINC1510 and ECCBO08A.
GENERAL

# Rename component

1.2 Configuring Additional Peripherals

The subsections below explain the configuration of additional modules/peripherals required for the indoor Air Quality
Monitor application.

1.21 ADC

* The SHT31 analog sensor is used for humidity and temperature measurement. The ADC peripheral is
configured to read the sensor output. The ADC peripheral driver is added to the project as part of the AVR-loT
WG Sensor Node example project. So, there is no need to add the ADC peripheral driver once more to the
project.

» To configure ADC, click ADC_0. The ADC configuration window appears.

* The temperature and humidity output pins of the SHT31 sensor are connected to the port pins PD6 and PD7,
respectively. To configure these port pins as ADC channels, go to the COMPONENT SIGNALS section and
select pins PD6 and PD7 as ADC pins. Deselect pin PD5, because the light sensor connected to PD5 on the
AVR-1oT WG board is not used in the indoor AQM application.
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Figure 1-3. ADC PIN Configuration
Atmel ‘ START Atmegassos

What'sNew | Help

MY SOFTWARE COMPONENTS

ADC O

MCode basic driver: Peripheral initialization + API to support simple ADC use-case

a
-4
=L
o
m
2
a
m GENERAL COMPONENT SETTINGS I COMPONENT SIGNALS I
i User guide Driver: ‘ Drivers:ADC:Basic ‘ AIN/O: I:‘PDG RT/P#1
L AN/ PD1
C
O] ADC [ Main Clock (CLK_MAIN) (10 MHz) ANz []po2
Ml Remove component :
AN G
AINZA [ ]ros
AIN/S [ ]eos
AIN/G; PD6
AINGT PD7
AINAZ: [ Jrrz
AINAZ: [ ]ees
AINA4:
AINAS: [ res

DRIVERS:ADC:BASIC (ADC BASIC) CONFIGURATION ON ADCO

D GENERATE PROJECT

D PF4 2

Note: The AQM hardware has two temperature sensors: One is the analog sensor (SHT31-ARP), and another
one is the on-board (AVR-loT WG board) digital sensor MCP9808. The AQM uses the MCP9808 digital sensor

for monitoring temperature.

» The Sample Accumulation feature of the ADC is used for the indoor AQM application. In the ADC configuration
window, enable SAMPLING CONFIGURATION. Configure SAMPNUM: Accumulation Samples to Accumulate 8
samples, and DUYYCUC: Duty Cycle to 25% Duty cycle, in the SAMPLING CONFIGURATION section.

Figure 1-4. ADC Sampling Configuration

SAMPLING CONFIGURATION I Enable: . I

ASDV: Automatic Sampling Delay [ 7] D
Variation:

SAMPDLY: Sampling Delay Selection: @ | (0]

INITDLY: Initial Delay Selection: (7] | Delay 0 CLK_ADC cycles

SAMPMUM: Accumulation Samples: @ | Accumnulate 8 samples

DUTYCYC: Duty Cycle: (7] | 25% Duty cycle |
SAMPLEN: Sample length: 9| 0x0 et
SAMPCAP: Sample Capacitance OD

Selection:

1.2.2 UART

» The SPS30 PM, 5 sensor communicates with the microcontroller through the UART interface.
» To configure UART1, add the USART peripheral driver by clicking Add Software Component.

© 2020 Microchip Technology Inc. Application Note
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Figure 1-5. Add Software Component

Atmel | START ATmegad808 What's New | Help

MY SOFTWARE COMPONENTS @
=] Anolicat how < v
g O Driver S dware (D
n O System driver
2 ystem
Bl
Amior 2y M

-1

m 0 CRYPTO_
SCHEDULER il Lo ) | USART 0 | I kAT ot I | I I AUTHENTICATION _ |

SP1O | I 12c0 |

» Expand the Drivers tab and add the USART peripheral driver. The USART appears on the SELECTED
COMPONENTS box. Click Add component(s).

Figure 1-6. USART Module Driver Addition

ADD SOFTWARE COMPONENTS X

Mame Description Add
(& 250 serial Peripheral Interface [SPI), 7.
synchronous serial communication
interface.
L} Timer Task timer functionality using a timer ®

counter peripheral.

'Ql USART Universal Synchronous Asynchronous (:-:'
Receiver Transmitter (USART) to transfer
data from one device to the other.

£} VREF Voltage Reference for ADC, DAC, and AC *®
peripherals, providing programmable
voltages for each reference source.

LIwoT Watchdog Timer (WDT) for monitaring ®
correct operation and make it possible to
recover from error situations such as
runaway or deadlock code.

SELECTED COMPOMENTS
Mame Count Add/remove Remove all
£} USART " eO® i}

Add component(s)

* In the Dashboard view, click USART_1 to configure the UART peripheral. Configure Mode as Async IRQ Mode,
and Instance as USART1 in the COMPONENT SETTINGS section. Configure RXD to PC1, and TXD to PCO in
the COMPONENT SIGNALS section. Set Baud Rate to 115200 in the BASIC CONFIGURATION section.
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Figure 1-7. USART Module Configuration

GENERAL COMPONENT SETTINGS COMPONENT SIGNALS

1 Userguide Driver: Drivers:USART:Basic RXD: PC1

Mode: Async IRQ Mode TXD: PCO
& Rename component
Instance: USART1

XCK:

P N E—

USART: Main Clock (CLK_MAIN) (10 MHz)

DRIVERS:USART:BASIC (ASYNC IRQ MODE) CONFIGURATION ON USART1

DRIVER CONFIGURATION ADVANCED CONFIGURATION

Printf support: l:] LBME: Loop-back Mode Enable: l:]
RX Buffer Size: | 8 | DBGRUN: Debug Run: D
TX Buffer Size: I 8 |

BASIC CONFIGURATION

RXEN: Reciever enable:

TXEN: Transmitter Enable:

PMODE: Parity Mode: I No Parity |
SBMODE: Stop Bit Mode: [ 1 stop bit |
CHSIZE: Character Size: Character size: 8 bit |
Baud Rate: 115200 I....

1.2.3 NVM
* The internal EEPROM is used to store the default parameters and the external EEPROM'’s send and write
indices. The internal EEPROM is accessed using the NVM control peripheral.

» To configure NVM control, add the Flash peripheral driver by following the steps described in the USART
section.

» Select FLASH_0 in the Dashboard view.
* Rename component as NVM.
Figure 1-8. NVM Configuration

RENAME COMPONENT

Specify new name: NVM ‘

LELET Y

1.2.4 Event System

» The on-board switch on the AVR-loT WG board is used to turn on the OLED display and to change the
parameter to be displayed on the OLED. The on-board switch SWO0 on the AVR-loT WG board is connected to
PORT1_PING of the microcontroller. The switch debounce mechanism is implemented to detect switch press
event without any software intervention, using Event System and CCL peripherals of the microcontroller.
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Add both Event System and Digital Glue Logic (CCL) drivers by following the steps as described in the
USART section.

Click the EVENT symbol to configure the Event System peripheral, as shown in Figure 1-9. The EVENT
SYSTEM CONFIGURATOR window opens.

Connect Periodic Interrupt Timer output 3 to Connect user to event channel 1, and Port 1 Pin 6 to Connect user
to event channel 4. Click, hold, and drag to the channel for connection. Thus, PIT3 and Port1 Pin6 act as event
generators for channel 1 and channel 4, respectively.

Figure 1-9. Event System Configuration

EVENT SYSTEM CONFIGURATOR @
| ccL & | | Connect user to event channel 0 crznnz -1} | ADCO @
m | ADCO O | | Connect user to event channel 1 canne Q | ¢

ccL [A)
E RTC 0 | Connect user to event channel 2 canne 4} |
LUTO IN_A
Real Time Counter overflow s
Real Time Counter compare | Connect user to event channel 3 coannes £F | I_ILUTZ INiA
Periodic Interrupt Timer output 0 e IN_A
Periodic Interrupt Timer output 1 -
e - ) Connect user to event channel 4 cro.n-- £ LUTD IN_B
= Periodic Interrupt Timer output 2 i
§ | Periodic Interrupt Timer output 3 | SUTILLE
(T} LUT2 IN_B
Connect user to event channel 5 cna-ne £f LUT3IN B
- - s 23
PORTO o |
PORTMUX (A
PORTI ° Event Qutput A
Port 1 Pin 0 Event Qutput B
Port 1 Pin 1 Event Qutput C
Port 1 Pin 2 Event Qutput D
Port 1 Pin 3 Event Qutput E
Port1Pin4 Event Cutput F - §
Port 1 Pin 5 o
IF‘UFH Pin &
Port1 Pin 7 USART1 (~1

In the same way, connect Connect user to event channel 1to LUT1IN_A and Connect user to event channel 1
to LUT1IN_B, as shown in Figure 1-9. Thus, LUT1IN_A and LUT1IN_B of the CCL act as event user for channel
1 and channel 4, respectively.

1.2.5 CCL

To implement the switch debounce mechanism without any software intervention, Look-Up Table 1 (LUT1) of the
CCL peripheral with filter option is used. The CCL peripheral generates an interrupt for each switch press event.

Click the CCL symbol, as shown in Figure 1-10. The CCL CONFIGURATOR window opens.
Click LUT1 to select LUT1 for configuration. Enable the LUT1 by checking the LUT1 checkbox.

© 2020 Microchip Technology Inc. Application Note DS00003417A-page 8
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Figure 1-10. LUT1 Inputs Configuration

INPUT LOOKUP TABLE
EVSYS o A (O uTo 0x00

LUT1 Event A =
LUT1 EventB =t .E Custom —.

B

1 ca
e

USART1 @

USART1 TXD input source

P LUT1 0x00

o

sPID @

Custom .
SPI10 MOSI input source
SPI SCK input source

1O Pins 0|

« Connect LUTT Event A to the C input of the LUT1 and LUT1 Event B to the B input of the LUT1, as shown in
Figure 1-10.

» Click the Settings icon inside the LUT1, as shown in Figure 1-10.
» Configure CLKSRC: Clock Source Selection to IN[2] is clocking the LUT and close the settings window.
Figure 1-11. LUT1 Clock Source Configuration

CCL SETTINGS x

LUT1 (SETTINGS)

CLKSRC: Clock Source Selection: I IN[2] is clocking the LUT

INSELO: LUT Input 0 Source Selection: | Masked input

INSELY: LUT Input 1 Source Selection: | Ewent input source B

INSELZ: LUT Input 2 Source Selection: | Event input source A

TRUTHI: Truth 1: [o [ et

OUTEN: Output Enable: D

* Gotothe LUTT CONFIGURATION section. In Truth Logic, set Value(hex) to 1. Configure Filter Options to
Enable Filter and configure Clock Selection to IN2 Clock.

© 2020 Microchip Technology Inc. Application Note DS00003417A-page 9
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Figure 1-12. LUT1 Configuration

CCL CONFIGURATOR @
A
m INPUT LOOKUP TABLE OUTPUT :
E LUT1 CONFIGURATION
Gate Type: : : |FHter Options: Enable Filter | |
- Truth Logic: ¢ ¢ o ! Enable Edge Detector: D
S O [ (] 1 (]
Q ; - G 5 Sequential Logic - (LUTO & LUT1):
@ Value (hex): 0 1 1 0 Sequential Logic Options: | Sequential logic disabled |
: & g ° Clock Selection: | IN2 Clock | |
1 (] 1 0o
1 1 1 o
» Finally, LUT1 looks as shown in Figure 1-13.
Figure 1-13. LUT1 after Configuration
INPUT LOOKUP TAELE
EVSYS (A O vuto 0x00

LUT1 Event A |==—
LUT1 Event B |=—H

ﬁzi-':ez e

Custom —.

A A

USART1 (A

USART1 TXD input source

LUT1 0x01

2

SPID (A

Custom Filter

v

= |

SPI0 MOSI input source

SPI SCK input source c
» ? 2 attings a
IO Pins @
FAD A Otz 0x00
PA1 .T

» The microcontroller goes to Standby sleep mode periodically. To detect switch press event while the
microcontroller is in Standby sleep mode, the CCL has to run in Standby sleep mode.

* Go to Dashboard view and select Digital Glue Logic.
* Check the RUNSTDBY: Run in Standby option in the BASIC CONFIGURATION section.

© 2020 Microchip Technology Inc. Application Note DS00003417A-page 10
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Figure 1-14. Run in Standby Bit Configuration
MY SOFTWARE COMPONENTS

[a]
5 DRIVERS:CCL:INIT (CCL) CONFIGURATION ON CCL
Q
E BASIC CONFIGURATION LOOKUP TABLE 0 CONFIGURA
(7
< —
Qo ENABLE: Enable: 9| LUTEN: LUT Enable:
E' IRUNSTDEW: Run in Standby: 2] il OUTEN: Output Enable:
SEQSELQ: Sequential Selection O: @ | Sequential logic disabled | CCL Configurator Clock: CCL cl
clock:
m SEQSEL1: Sequential Selection 1: 0| Sequential logic disabled |
CLKSRC: Clock Source Selectiol
E LOOKUP TABLE 1 CONFIGURATION INSELC: LUT Input 0 Source Se
~ LUTEN: LUT Enable: INSEL1: LUT Input 1 Source Se
1 i

* Inthe INTERRUPT CONTROL CONFIGURATION section, configure INTMODE1: Interrupt Mode 1 Selection to
Sense rising edge, and all other Modes Selection to Interrupt disabled.

Figure 1-15. Interrupt Control Configuration

INTERRUPT CONTROL CONFIGURATION

INTMODEQ: Interrupt Mode 0 (7] | Interrupt disabled |
Selection:

INTMODET: Interrupt Mode 1 (7] | Sense rising edge |
Selection:

INTMODEZ: Interrupt Mode 2 (7] | Interrupt disabled |
Selection:

INTMODE3: Interrupt Mode 3 [ 7] | Interrupt disabled |
Selection:

1.2.6 Sleep Mode
»  The AQM application uses Standby sleep mode. The microcontroller goes to Sleep mode when there is no task
to be performed.

» To configure the Sleep mode, click SLPCTRL in the Dashboard view. Enable SEN: Sleep enable and configure
SMODE: Sleep mode to Standby Mode.

Figure 1-16. Sleep Mode Configuration

SLPCTRL ®
SLPCTRL
GENERAL COMPONENT SETTINGS COMPONENT SIGNALS
1 Userguide Driver: Drivers:SLPCTRL:Init
DRIVERS:SLPCTRL:INIT (SLPCTRL) CONFIGURATION ON SLPCTRL C
ENABLE CONFIGURATION SLEEP MODE CONFIGURATION
ISEN: Sleep enable: (2} I I SMODE: Sleep mode: © [ Standby Mode |I

1.2.7 EEPROM 3 Click

Air quality sensor readings are stored on external EEPROM, present on the EEPROM 3 click board. Include
EEPROM 3 by clicking Add Software Component. Expand Middleware, then Storage Click, and add EEPROM3
Click.

© 2020 Microchip Technology Inc. Application Note DS00003417A-page 11
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Figure 1-17. EEPROM 3 Click Addition

ADD SOFTWARE COMPONENTS x

Name Description Add
T Fower Wididgelnri. -
+ O sensors Click
- = Storage Click
= EEPROM Click It features 24CO8WP - a highly reliable, ®
high performance CMOS technology serial
8K EEPROM in DIP packaging. The
24C0BWP EEPROM uses the 12C
addressing protocol.
= EEPROM2 Cli..  EEPROM 2 click carries 5T's M95MO02-DR G—:'
DIP-8 socket EEPROM chip with 256 KB of
memaory. The chip has byte and page
write speeds equal or less than 10 ms.
The board communicates with the target
board MCU through the mikroBUS 5PI
interface -
SELECTED COMPONENTS
Name Count Add/remave Remave all
® EEPROMS3 Click 1 O® m

Add component(s)

1.3 Generating START Code Files

To generate the code, click GENERATE PROJECT present at the bottom. The New Atmel Start Project window

appears for setting up the project parameters. Enter the project name and location and then click OK, as shown

in Figure 1-18.
Figure 1-18. Project Generation
MY SOFTWARE COMPONENTS

9 Add software component

Atmel Start Importer

B El 2 )

Solution Name:
View Project Summary

GENERAL

& Rename component

T Remove component

EEPROM3 CLICKBOARD CONFIGURATION

AQM_mega4d808

New Atmel Start Project m
L
Project Name: AQM_megad808
=——
Location: I I I Browse I ®
Solution: Create New Solution

If you can't find your component in the list make sure
you have selected the correct variant for this
component, and also correct driver and/or mode for
the component you wish to select.

EXAMPIE CONEIGIHIRATION

I} GENERATE PROJECT

Close the start window as the configuration and code generation are completed.

© 2020 Microchip Technology Inc.

Application Note DS00003417A-page 12



AN3417

Indoor Air Quality Monitor Firmware Creation ...

1.4

Adding Application Code and Sensor Drivers

The firmware is available for download on GitHub, as below:

View Code Example on GitHub (Atmel Studio)

Click to browse repository

Copy the application and sensor folders from the downloaded firmware and place them inside the project

folder.

To add both folders to the project, go to Solution Explorer in Atmel Studio and click the Show All Files symbol,
as shown in Figure 1-19. Now, the application and sensor folders added in the previous step can be seen.
Right click the application folder and select Include in project, as shown in Figure 1-19.

Repeat these steps for adding the sensor folder.
Figure 1-19. Adding Application Files

= Open Folder
Ex  Copy Full Path
[+] Collapse

Add

Scope to This

Mew Solution Explorer View

Cut Ctrl+X
Copy Ctrl+C
X Delete Del
Rename F2
#  Properties

Solution Explorer

Search Selution Explorer (Ctri+;)

F

%
Include In Project 1

- J,'Il b

| o-dqb]s-am

p =
AQM_megad808 =
=d| Dependencies
=d| Output Files

[ [«3] Libraries

[ atmelstart

¢+ agqm_tasks
display.c

display.h

1 read.c
% read.h

.....

1 send.c
% send.h

sleep.c
sleep.h

.....

store.c

store.h

% agi_calculation.h

.....

% parameters.c

% parameters.h

3 cloud

[ config
[ credentials_storage
[ cryptoauthlib

VY Y vV

|- - Y=
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1.5 Modifying Atmel START Generated Code

The Atmel START generated AVR-loT WG source code and some of the peripherals’ APls need modifications. The
user needs to compare both the AVR-loT WG source code generated by Atmel START and the firmware available for
download on GitHub, as below, to find more details about the required changes. Table 1-2 lists files and functions
along with change description, where changes are required.

View Code Example on GitHub (Atmel Studio)

Click to browse repository

Table 1-2. List of Changes to START Generated Code

A dedicated task is created to send data to the

SendToCloud . L .
el @ endToCloud () cloud. Thus, this function is no longer required.
main () Parameter initialization and Cloud configuration.
PIT initialization.
application_init () Turn on the display.
application manager.c
Created application tasks.
MAIN dataTask() No call to SendtoCloud () function.

cryptoauthlib\lib\jwt
\atca jwt.c

Switched to use the hardware SHA function during

t jwt finali .
e e _imaltas () the JWT creation (to save memory).

1.6 Compiler Settings

This section explains about the compiler settings which are required for code optimization.

1.6.1 Activate the “Use subroutines for function prologue/epilogue”

Right click on the project name and select Properties.

In the Toolchain tab, click General under AVR/GNU C Compiler. Enable Use subroutines for function prologue/
epilogue option, as shown in Figure 1-20.

Figure 1-20. Configuration of Use Subroutines for Function Prologue/Epilogue

AQM_megad808* + X RIS EEEA)] i2c_simple_master.c* application_manager.c timeout.c

Build

Configuration: | Active (Debug) v Platform: | Active (AVR) v
Build Events
2 |
Toolchain* | Confiquration Manager...
Device
Tool 4 [2] AVR/GNU Common [AVR/GNU C Compiler = General
[ General
Packs _?Output Files I Use subroutines for function prologues and epilogues (-mcall-prologues) l
4 = AVR ompiler

Advanced

L [[] Change the stack pointer without disabling interrupts (-mno-interrupts)
7 Preprocessor Default char type is unsigned (-funsigned-char)
= Symbols Default bitfield type is unsigned (-funsigned-bitfields)

s .

Note: This is required to optimize the code size.

1.6.2 Compiler Optimization Setting

Right click on the project name and select Properties.

In the Toolchain tab, click Optimization under AVR/GNU C Compiler. Choose Optimize for size (-Os) from the
drop-down menu of the Optimization Level.

© 2020 Microchip Technology Inc. Application Note DS00003417A-page 14
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Figure 1-21. Compiler Optimization Setting

Build
Configuration: | Active (Debug) v Platform: | Active (AVR) v
Build Events
Toolchain* Configuration Manager...
Device
Tool “ dAYR‘/GNU Common AVR/GNU C Compiler = Optimization
& General
Packs = Output Files Optimization Level: Optimize for size (-Os) ©
4 dAVR/GNU C Compiler
Advanced %G |
i Lenera Other optimization flags:
[ Preprocessor
jS\,fmbols Prepare functions for garbage collection (-ffunction-sections)
A Prepare data for garbage collection (-fdata-sections)
Debugging Pack Structure members together (-fpack-struct)
é;‘a?'mlr;gs Allocate only as many bytes needed by enum types (-fshort-enums)
iscellaneous
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Indoor Air Quality Monitor Firmware Creation Using MCC

This section covers the list of steps to generate AVR-loT WG source code with MCC, and the process to create
indoor AQM application firmware.

Table 2-1 lists the software tools and versions used for the creation of the firmware using MCC. It is recommended to
use tools of mentioned or higher versions.

Table 2-1. Software Tools and Versions

Software Tool Version

MPLAB® X v5.35

AVR GCC v5.4.0
avr8-gnu v3.6.2.1778
MCC v3.95.0
8-bit AVR MCUs Library v2.1.0
AVR-loT WG Sensor Node v1.2.0
Foundation services v0.1.34
MikroElektronika Click Library v1.1.1
Atmega_DFP v2.1.87

Creating a New MPLAB® X Project

Go to File — New Project and select Standalone project. Select ATmega4808 as the device, and the AVR (GCC
Compiler) as the compiler. Enter the project name and location details and create the project. The Start page of a
new MPLAB X project appears, as shown in Figure 2-1.

Figure 2-1. Start Page of a New Project Created with MPLAB® X

B3 MPLAB X IDE v5.35 - AQM_mega4208 : default - X
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help Q- |
T o - S . Oag ST
9 o % = 1T B > L L Q6 D000 T k-
Projects x| Files | Classes @ |[ StartPage x|y MPLABXStore x OO

= AQM_mega4s08
@[ Header Files
-G Important Files
(@R Linker Files
@-[[F Source Files
@[ Libraries
@@ Loadables

@ MICROCHIP

LEARN & DISCOVER | MY MPLAB® X IDE |

® Import Legacy Recent Projects Microchip Login
® Import Prebuilt
- ir-quali r-mplal Already Registered? New to Microchip?
E-mail Address: Register now to enjoy the benefits
] of software update alerts and easy
software purchasing, licensing and
AQM_mega4808 - x| Navi ] . : o account viewing.
2 [73 AQM_megase0s ~ i I
y 78 Project Type: Application - Configuration: default
Q | g oovee S——
= @ ATmega4s08
ﬂ # Checksum: Blank, no code loaded . | mega4sos
CRC32: Hex file unavailable
@ | 2@ packs 3

& ATmega_DFP (2.0.12)
=% Compier Toolchain Search Results x| Output =
B AVR (v5.4.0) [C:\Program Files (x86) \Atme!\Studio\7.0\toolct
Y’ Production Image: Optimization:
= {5 Memory
= (i Data 6, 144 (0x1800) bytes
0%
Data Used: 0 (0x0) Free: 6,144 (0x1300)
=[5 Program 49, 152 (0xC000) bytes
L —— T —

< >
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2.2

2.3

Generating AVR-loT WG Sensor Node Example Project

Open MCC by clicking the MCC icon with MPLAB X, or click on Tools — Embedded — MPLAB X Code
Configurator v3 Open/Close.

Figure 2-2. Open MCC

23 MPLAB X IDE v5.35 - AQM_megad808 : default

File Edit View Navigate Source Refacter Production Debug Teanf| Tools Window Help

PR XSE:DE

Projects x | Files | Classes

=G AQM_mega4808
(E5) Header Fies
(& 1mportant Fies
Linker Files

E| Source Files
Ubraries
(B Loadables

- X
defauit Embedded i LB MPLAB® Code Configurator v3: Open/Close 6 e wh iy G B S % HowdoT?

Packs g O PO
Templates
DTDs and XML Schemas il .

3
JL MICROCHIP
Plugins Download | E
Options B

-~
® Import Legacy
® Import Prebuilt

Recent Projects

B atmegat808-air-quality-monitor-mplab

8 Ao v3_spsa0

AQM_mega4808 - Dashboard x | Navigator

27 |73 AQM_megassos
© 3Prmect‘wpe: Application - Configuration: default

Deviee
= - ATmega4308

" -4 Checksum: Blank, no code loaded
= “EB CRE3Z: Hex file unavailable

@) |- Packs

- ATmega_DFP (2.0.12)
B Compiler Tooichain

L% Production Image: Optimization:
{5 Memory
(=[5 Data 6,144 (0x1800) bytes
. 0%
Data Used: 0 (0x0) Free: 6,144 (0x1800)
(=[5 Program 43, 152 (0xC000) bytes
—————

<

7 AVR (v5.4.0) [C:Program Files (x36)\Atmel\Studiol7.0\toold!

i AoM_megats0s
8 atmagats0t airquality-monitor mplab
i processin g test

8 atmegats08-air-quality-monitor-mplab

8 Ao megassos

LEARN & DISCOVER | MY MPLAE® X IDE |

Microchip Login

Already Registered?
E-mail Address:

Passvord:

Forgot Password?

New to Microchip?

| search Results x| Output

v
>

Wait for the MCC configuration window to open. Once the configuration window appears for the new project,

click Save.

In the Device Resources section, expand the Internet of Things tab. Add the AVR-loT WG Sensor Node

example project.

Figure 2-3. AVR-loT WG Sensor Node

Device Resources

» — VREF

¥ Libraries
» (*) Foundation Services
P 0 LIN

LED

SWITCH

b Mikro-E Clicks

¥ Intemnet Of Things

¥ Examples

' AVR-loT WG Sensor Nods

» Libraries

» Examples

Configuring Additional Peripherals

With the above steps, AVR-IoT WG Sensor Node is added to the project.

The subsections below explain the configuration of other MCC modules/peripherals required for the indoor Air Quality
Monitor application.
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ADCO

The SHT31 analog sensor is used for humidity and temperature measurement. The ADCO peripheral is
configured to read the sensor output. The ADCO peripheral driver is added to the project as part of the AVR-loT
WG Sensor Node example project. There is no need to add the ADCO peripheral driver once more to the
project.

To configure ADC, click the ADCO peripheral under the Project Resources tab.

Figure 2-4. ADC Peripheral Selection

Projects Files Services Resource Manage... x| =l

Tree View || Flat View

Project Resources Generate | Import.. | Export
¥ Internet Of Things

» Libraries
¥ Examples
() AVR-loT WG Sensor Node
¥ Peripherals

£ TWIO
B ADCO |
B riC
(=) USART2
£ SPI0

The ADCO configuration window opens.

The Sample Accumulation feature of the ADC is used in the indoor AQM application. In the Hardware Settings
section, configure Sample Accumulation Number to Accumulate 8 samples.

Figure 2-5. ADCO Configuration
ADCo e

£0% Easy Setup | = Registers

Result Selection : ‘ 10-bit mode =

* Hardware Setlings

Enable ADC:

Sampling Frequency(Hz): 14204 = 48076 s 43076

ADC Clock(Hz): 625000

Sample Accumulation Number: ; Accumulate & samples - I
Sample Length (# anEJC Clock) : 0=0 =31

Voltage Reference : ‘ VDD -

Note: The AQM hardware has two temperature sensors: One is the analog sensor (SHT31-ARP), and another
one is the on-board digital sensor MCP9808 on the AVR-loT WG board. The AQM application uses the
MCP9808 digital sensor for monitoring temperature.

Pin Manager

The temperature and humidity output pins of the SHT31 sensor are connected to the port pins PD6 and PD7,
respectively.
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» To configure PD6 and PD7 pins as ADC channels, go to Pin Manager Grid View. Configure PD6 and PD7 for
ADCO0. Pin PD5, which is connected to the light sensor output, is preconfigured as the ADC channel by the AVR-
loT WG Sensor Node example project. Deselect the pin PD5 configuration as ADC channel, because the light
sensor is not used in the indoor AQM application.

Figure 2-6. ADC Pins Configuration Using Pin Manager

Search Results Output Notifications [MCC] Pin Manager: Grid View x
Package: | Q32 I'H Pin No: 3o‘31|32]1‘2|3}4‘5 6|7l8‘9 10’11‘12‘13|14‘15J16|17 zo‘z1{zz|23}24‘zs|zs
PortA VY PortCV¥ PortD V¥ PortF V¥
Module Function | Direction | 0|1 2|3 |4|5|[6|7|0[1]|2[30]1 3/alslel7lo/1|2[3|4[5|6
ADCO |AINx input CIC "nnd"-anl CICICIC
CLKI input B
AL CLKO output B
TOSC1 input B
TOSC2 input B
P Modue 'y [ input GGG RCRACICRC: GGG REG: RCREE:
GPIO output UL GG RCRCICRCICRCRAC C R E: GGG G RCIACICRACC R
RSTCTRL  |RESET input &\
MISO innut a ™
UART1

* The PM; 5 sensor SPS30 communicates with the microcontroller through the UART interface.

» To configure UART, add the USART1 driver from the Device Resources section. Navigate through Device
Resources — Peripherals —» USART — USART1 and click the Add symbol.

Figure 2-7. USART1 Peripheral Selection

Device Resources

¥ Peripherals

AC

CCL
CRCSCAN
EVSYS
NVMCTRL
® TCA

) TCE

E

>
©
=
(=]

¥y ¥ ¥ ¥ ¥ w ¥

¥ [=] USART
USARTO

[=1 USARTI

» — VREF

¥ Libraries

k(3 Ervndation Sardcar

» The USART1 configuration window opens.

* In the Software Settings section, enable the Interrupt Driven option. Set the Baud Rate to 115200 as the SPS30
sensor supports a baud rate of 7715200.
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Figure 2-8. USART1 Configuration

USART1 (7]

£0% Easy Setup | = Registers

¥ Software Seitings

APl Prefix: USART1

Interrupt Driven:

RX Buffer Size (Bytes): 8 M
TX Buffer Size (Bytes): | 8 - ‘
Printf support: |:|

* Hardware Setfings

Maode: | Async Mode -
Baud Rate: 1 =[115200 | = 1000000

Error Percent: -0.084%

Enable USART Receiver:

Enable USART Transmitter:

Parity Mode: | Mo Parity -
Stop Bit Mode: | 1 stop bit - |
Character Size: | Character size: 8 bit -

234 NVM

The internal EEPROM is used to store the default parameters and external EEPROM’s indices. The internal
EEPROM is accessed using the NVM control peripheral.

To configure NVM control, add the NVM control driver from the Device Resources section. Navigate through
Device Resources — Peripherals —» NVMCTRL and click the Add symbol.
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Figure 2-9. NVM Control Peripheral Selection

Device Resources

¥ Peripherals
v D AcC
> 3= CCL
» © CRCSCAN
» B} EVsYS
v MVMCTRL

B3 NVMCTRL
—

» (3) TCA

» () TCB

» =1 USART

» — VREF
¥ Libraries

» 'G:' Foundation Services

[ 1

*  The NVMCTRL configuration window opens.

» In the Software Settings section, configure the AP/ Prefix to NVM.

Figure 2-10. NVM Control Configuration

NVMCTRL

{g} Easy Setup | = Registers

v Software Seitings

I API Prefix:

(NvM

Segment:

Place Flash Functions in Separate

w Hardware Setfings

Enable Boot Lock:

Enable Application Code Write Protect:

L O

¥ Interrupt Seltings

Event System

» The on-board switch on the AVR-loT WG board is used to turn on the OLED display and to change the
parameters to be displayed on the OLED. The on-board switch SWO0 on the AVR-loT WG board is connected to
the PORT1_PING of the microcontroller. The switch debounce mechanism is implemented without any software

intervention, using the Event System and CCL peripherals of the microcontroller.

» To configure the Event System, add the Event System driver from the Device Resources section. Navigate
through Device Resources — Peripherals — EVSYS and click the Add symbol. The EVSYS window opens.

« Event channel 1 is used to connect the Periodic Interrupt Timer output to the LUT1 of the CCL, and event

channel 4 is used to connect the switch port pin to the LUT1 of the CCL.
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Configure the Event Generator as RTC_PIT3, and the Event User as CCLLUT1A for CHANNEL 1, as shown in
Figure 2-11.

Configure PORT1_PIN6 as Event Generator, and CCLLUT1B as Event User for CHANNEL 4, as shown in
Figure 2-11.

Figure 2-11. Event System Configuration

EVSYS
£8% Easy Setup | (5] Registers
v Software Sellings
API Prefix: EVSYS
 Event System Settings
Event Generator Channels Event Users
ADCO  CCLLUTOA CCLLUTOB CCLLUT1A CCLLUTYB CCLLUT2A CCLLUT2B CCLLUT3A CCLLUT3B EVOUTA EVOUTB  EVOUTC EVOUTD EVOUTE
oFF - CHANNELD O | O L O O O O | | O D Ll
| irrcprms < || cnanen ] Ll (| Ll (| Ll [l Ll | | [l Ll
OFF = CHANNEL2 Il ] [ [ | 0 [ ] 0 L [ [l
OFF = CHANNEL3 O | | | | O O O O O O O
I PORTL_PING - I CHANNEL4 O ] ] [ l ™ | ] 0 [ [l l
OFF - CHANNELS [l [l (| [l (| Ll [ [l U | [l Ll

Note: The Load peripheral CCL warning appears to load the CCL peripheral. Ignore the warning as the next
subsection explains about loading CCL peripheral.

CCL

To implement switch debounce, LUT1 of the CCL peripheral with filter option is used.
The CCL peripheral generates an interrupt for each switch press event.

To configure the CCL peripheral, add the CCL driver from Device Resources. Navigate through Device
Resources — Peripherals — CCL and click the Add symbol.

The CCL configuration window opens.

In the Interrupt Settings window, choose Sense rising edge from the drop-down menu of the LUT7-OUT Interrupt
option.

Figure 2-12. LUT1 Interrupt Configuration

ccL @

£0% Easy Setup | (=] Registers
L

¥ Hardware Settings

Enable CCL:

¥ Interrupt Settings

LUTO-QUT Interrupt:

LUT1-OUT Interrupt:

LUT2-QUT Interrupt: Interrupt disabled

LUT3-OUT Interrupt: | Interrupt disabled | - |

¥ CCL Settings

| Il
Select LUT1 by clicking LUT1 in the CCL Settings section.
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Figure 2-13. LUT1 Selection
ccL YNE]

£0% Easy Setup | [ Registers

LUT3-0UT Interrupt: Interrupt disabled | = |

¥ CCL Settings

LUT1

LUT1-IND

LUT4-IN1 Truh Table poulDdl LUT1-0UT

LUT1-INZ

» To enable LUT1, check the Enable LUT option in the LUT1 Configuration section, as shown in Figure 2-14.

» Select EVENTB from the drop-down menu of the LUT-IN1 option, as shown in Figure 2-14. As PORT1_PING is
connected to EVENTB through event channel 4, the switch signal acts as the first input to LUT1.

» Select EVENTA from the drop-down menu of the LUT-IN2 option, as shown in Figure 2-14. As RTC_PIT3 is
connected to EVENTA through event channel 1, it provides the clock signal to the CCL filter.

Figure 2-14. LUT1 Configuration
ccL " YNE]

£8% Easy Setup | (5 Registers

LUT 1 Confi .
LUT Enable
H Enable LUT: @
Inputs and Outputs
LUT-IND: @ | Mask | -]
LUT-INT: @ | EVENTB -
LUT-IN2- @ EVENTA =
Enable LUT-OUT- @ T
Additional Configuration
| || Filter Options: € | DISABLE [ -]

» In the Additional Configuration section of the CCL configuration window, configure Filter Options to FILTER to
enable the filter, as shown in Figure 2-15.

» Configure Clock Selection to IN2.
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Figure 2-15. Enable Filter Mode and Clock Selection in CCL LUT1

CCL

£0% Easy Setup | (=] Registers

LUT-IN1: @

| EVENTB

Enable LUT-OUT- @ [ |

LUT-IN2: @ MASK

Additional Configuration

Filter Options: @

| FILTER

Enable Edge Detector: ||

Clock Selection: @ i IN2 | M [
Truth Table
Custom ‘ =
IN2 IN1 INO ouT
0 0 0

» The microcontroller goes to Standby sleep mode periodically. To detect switch press event while the

microcontroller is in Standby sleep mode, the CCL has to run in Standby sleep mode. In the Registers tab of
the CCL configuration window, configure the RUNSTDBY option to enabled under the CTRLA register.

Figure 2-16. Run in Standby Bit Configuration
CCL

£k Easy Setupl| & Registers

¥ CCL

Interrupt Enables

INT1
[]mnT2
[ ] mnT0
e

w Register: CTRLA | .49

s |

@ ENABLE

) RUNSTDBY | enabled | -

w Register: INTCTRLO | g4

» Configure INSEL2 as Event input source A in the LUT1CTRLC register. INSEL2 is reconfigured because its
configuration is changed to masked input after Clock Selection.
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Figure 2-17. LUT1 Input 2 Configuration
CCL

£0% Easy Setup | [ Registers

OUTEN disabled

v Register: LUTICTRLB | p,.4p

INSELD ‘ Masked input

INSEL1 ‘ Event input source B

» Register: LUTICTRLC | g,3

INSEL2 ‘ Event input source A

» Register: LUT2ZCTRLA .0

Ul

CLKSRC ‘ CLK_PER is clocking the LUT

|"

EDGEDET | Edge detector is disabled

| - |

* Open the Truth Table in the EASY Setup tab of the CCL configuration window and configure it to NOR.
Figure 2-18. Truth Table Configuration

CCL

£0% Easy Setup | (=] Registers
Enable Edge Detector:

Clock Selection: @

O

| INZ

Truth Table

l NOR

=l = |[=ll @ (|2 2 ||l

= =l 2 |lel]l = |[=] 2 ||l=

= |lell = el = ([ = ||le

» After the completion of all the above configurations, LUT1 looks as shown in Figure 2-19.
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Figure 2-19. LUT1 after Configurations
ccL

£0% Easy Setup | =] Registers

LUT1
LUT1-INO
LUT1-IN1 D Quiput_} cerisync
LUT1-IN2
_A_

CLKSRC

2.3.7 Sleep Mode
» The microcontroller goes to Standby sleep mode after completion of all the tasks.

LUT1-0UT

» To configure the Sleep mode, click System Module in the Project Resources section. The System Module

window opens.

» Click the Registers tab, as shown in Figure 2-20.
Note: The Registers tab may take some time to open.

* Go to the SLPCTRL.CTRLA register, and enable the Sleep mode by configuring SEN to enabled and SMODE to

Standby Mode.
Figure 2-20. Standby Sleep Mode Configuration
System Module

£8% Easy Setupl| = Registers

ey

SWRE | disabled -

¥ SLPCTRL

v Register: SLPRCTRLCTRLA | g3

SEN ‘ enabled | - |

SMODE ‘ Standby Mode | - |

¥ WDT

» Register WDT.CTRLA 5.0

Ly

2.3.8 PIT

» The microcontroller periodically wakes up from sleep mode whenever it gets a Peripheral Interrupt Timer (PIT)
interrupt. The PIT is part of the RTC module. To configure the PIT, select RTC from the Project Resources by

navigating through Project Resources — Peripherals — RTC.
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* In the Periodic Interrupt Timer section, enable the PIT Enable option. Configure Period Selection to RTC Clock
cycle 2048. This divides the RTC clock by 2048.

* Enable the Periodic interrupt Enable option.
Figure 2-21. PIT Configuration

RTC 9@
£0% Easy Setup | = Registers
RTC Clock{Hz}): 32000
RTC Clock Source Selection: | Internal 1kHz OSC | A
External Clock({Hz): 1= = 32000
Prescaling Factor: | RTC Clock / 1 &
Compare: 1s z 05 £3s
Actual Compare: Os
Period: 1s = 2.048s =3s
Actual Period: 2.048 s

¥ Periodic Interrupt Timer

PIT Enable:
Period Selection: ] RTC Clock Cycles 2048 A !
Periodic interrupt Enable:

b Interrupt Seltings

2.3.9 EEPROM 3 Click

» Air quality sensors readings are stored on the external EEPROM present on the EEPROM 3 click board. The
EEPROM 3 click board is supported by the MCC framework. Include the EEPROMS3 click driver to the project
from the Device Resources section. Navigate through Device Resources — Mikro-E Clicks — Storage —
EEPROMS3 and click the Add symbol.

Figure 2-22. EEPROM 3 Click Addition

Device Resources ‘ @ | -

» Audio and Voice
P Wireless Connectivity
» Human-Machine Interface
¥ Storage
7 EEPROM
f EEPROM2
| 7 eeeromz |
fd FLASHZ
7 SRAM

Maotor Control

Display

1
>
» Power Management
>

Clock and Timing

+ The EEPROM 3 click configuration window opens. There is no additional configuration required for the
EEPROM 3 click.
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Generating MCC Code Files

« Click the Generate button, located on the left-hand corner of the Resource Manager — Project Resources
window, and wait for the code generation to complete.

Note: A pop-up might appear, saying that the configuration has warnings. Click YES to continue as all the warnings
have been taken care of.

Adding Application Code and Sensor Drivers

* The firmware is available for download on GitHub, as below:

Click to browse repository

View Code Example on GitHub (MPLAB® X) \

» Copy the application and sensor folders from the downloaded firmware and place them inside the project
folder.

» To add both folders to the project, go to the Project window and select the Source Files folder. Right click to
open the content menu and select Add Existing Items from folder option. Click Add folder. Pick the
application folder that was just copied containing the application code, then click the select option. Repeat
these steps to add the sensor folder containing the sensor drivers. After selecting both folders, click the Add
button.

» For a more detailed procedure on folders addition to a project, refer to the page on Microchip Developer Help
website.

Modifying MCC Generated Code

The MCC generated AVR-loT WG source code and some of the peripherals’ APIs need modifications. The user
needs to compare both the AVR-loT WG source code generated by MCC and the firmware available for download on
GitHub, as below, to find more details about the changes. Table 2-2 lists files and functions along with the change
description, where changes are required.

Click to browse repository

View Code Example on GitHub (MPLAB® X) \

Table 2-2. List of Changes to MCC Generated Code

A dedicated task is created to send data
SendToCloud () to the cloud. Thus, this function is no
longer required.

main.c
. Parameter initialization and Cloud
main () . .
configuration.
mcc_generated files/src/ccl.c ISR (CCL_CCL vect) This interrupt occurs upon switch press.
Set PIT ISR callback function.
mcc_generated_files/src/rtc.c RTC_Initialize() Wait for all registers to be synchronized.
ISR (RTC_PIT vect) Clear the PIT flag at the end.
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........... continued

N

. . o Turn on the display.
mcc generated files application_init () .
-9 . — 4 Created application tasks.
application manager.c
MAIN dataTask () No call to sendtoCloud () function.

Updated atcab_hw_sha2 256 ()
function uses the hardware SHA
function during the JWT creation (to
save memory).

mcc_generated files/
cryptoauthlib/lib/jwt/ atca jwt finalize ()
atca jwt.c

mcc_generated files/cloud/ Commented out ATCA PRINTF
crypto_client/crypto client.c definition (to save memory).
mcc_generated file/config/ Commented out ATCA PRINTF
cryptoauthlib config.h definition (to save memory).
mcc_generated file/ I2C functions name changed as per the
EEPROM3 driver.c MCC generated I1°C drivers.

I2C 0 wake up()
mcc_generated files/
cryptoauthlib/lib/hal/hal i2c.c

I2C_BUSY function name changed as

hal 12 i teNB
S AG TEERNSnaEs () per the MCC generated I2C drivers.

hal i2c readNBytes ()

2.7 Compiler Settings

This section explains the compiler settings which are required for code optimization.

271 Activate “Use subroutines for function prologue/epilogue”

* Right click on the project name and select Properties. Click avr-gcc under AVR GCC Global Options. Enable
the Use subroutines for function prologue/epilogue option.

Figure 2-23. Configuration of “Use subroutines for function prologue/epilogue”

| ] Project Properties - AQM_megad208 >
Categories: Er= 5ag
@ Genera ptions for avr-gee (v5.4.0)
i @ File Indusion/Exdusion Option categories: | General w Reset
- @ Conf: [default
o Loading se subroutines for function prologues and epilogues I
@ Libraries Change the stack pointer without disabling interrupts D
+- @ Buildin
Default char type is unsigned -]
E}I @ Avr GCC (Global Options) I P d
..... T Default bitfield type is unsigned

..... ETE
----- < avrdd
----- @ avr-ar

» Click Apply and then OK.
Note: This is required to optimize the code size.

2.7.2 Compiler Optimization Setting

» The application firmware is optimized for size to efficiently use the code memory. Click on the project name and
select Properties. Click avr-gcc under AVR GCC Global Options. Select Optimization from the option
categories drop-down menu. Set optimization-level to “s”.
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Figure 2-24. Compiler Optimization Setting

Categories:

a Project Properties - AQM_megad208

@ General
2 File Indusion/Exdusion

B 2 Conf: [default

Options for avr-gce (v5.4.0)

Option categories: IOpﬁmizaﬁon v I Reset

- @ Libraries Prepare functions for garbage collectons
- @ Building
P data fo b llecti ~
At GCC (Global Ontore) I repare da r garbage collections
..... o Euras Pack Structure members together O
----- > @vr-asore Wllocate only as many bytes needed by enum types
L Use rimpfrcall (imited range) on »8K devi O
se rjmp/rall (imited range) on evices
----- @ avr-g++ mp g
----- @ avrdd
----- @ avr-ar
» Click Apply and then OK.
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Programming the Application

3. Programming the Application

3.1 Programming with Atmel Studio

» To program the device, connect the AVR-IoT WG board to the PC using a Micro-USB cable.
» Click the Start without Debugging (Ctrl + Alt + F5) icon.
Figure 3-1. Start without Debugging
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#include "application_manager.h" ¢ sensors_handling.c
#include "led.h” v n! sensors_handling.h
100 %  ~ v
Immediate Window Find R
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ing wi ®
3.2 Programming with MPLAB® X IDE
» To program the device, connect the AVR-loT WG board to the PC using a Micro-USB cable.
* Click the Make and Program Device icon.
Figure 3-2. Make and Program Device
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M_megad808 - Dashboard x | Navigats &= assviord:

22 |78 AQM_megassos ~
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Conclusion

Conclusion

This document covers details of the indoor AQM application firmware creation on top of the AVR-loT WG source
code. The document also explains the process of how to generate AVR-loT WG source code with Atmel START and
MCC.
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The Microchip Website

Microchip provides online support via our website at http://www.microchip.com/. This website is used to make files
and information easily available to customers. Some of the content available includes:

* Product Support — Data sheets and errata, application notes and sample programs, design resources, user’s
guides and hardware support documents, latest software releases and archived software

* General Technical Support — Frequently Asked Questions (FAQs), technical support requests, online
discussion groups, Microchip design partner program member listing

» Business of Microchip — Product selector and ordering guides, latest Microchip press releases, listing of
seminars and events, listings of Microchip sales offices, distributors and factory representatives

Product Change Notification Service

Microchip’s product change notification service helps keep customers current on Microchip products. Subscribers will
receive email notification whenever there are changes, updates, revisions or errata related to a specified product
family or development tool of interest.

To register, go to http://www.microchip.com/pcn and follow the registration instructions.

Customer Support

Users of Microchip products can receive assistance through several channels:

» Distributor or Representative

* Local Sales Office

»  Embedded Solutions Engineer (ESE)
» Technical Support

Customers should contact their distributor, representative or ESE for support. Local sales offices are also available to
help customers. A listing of sales offices and locations is included in this document.

Technical support is available through the website at: http://www.microchip.com/support

Microchip Devices Code Protection Feature

Note the following details of the code protection feature on Microchip devices:

* Microchip products meet the specification contained in their particular Microchip Data Sheet.

* Microchip believes that its family of products is one of the most secure families of its kind on the market today,
when used in the intended manner and under normal conditions.

» There are dishonest and possibly illegal methods used to breach the code protection feature. All of these
methods, to our knowledge, require using the Microchip products in a manner outside the operating
specifications contained in Microchip’s Data Sheets. Most likely, the person doing so is engaged in theft of
intellectual property.

» Microchip is willing to work with the customer who is concerned about the integrity of their code.

» Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code
protection does not mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection
features of our products. Attempts to break Microchip’s code protection feature may be a violation of the Digital
Millennium Copyright Act. If such acts allow unauthorized access to your software or other copyrighted work, you
may have a right to sue for relief under that Act.

Legal Notice

Information contained in this publication regarding device applications and the like is provided only for your
convenience and may be superseded by updates. It is your responsibility to ensure that your application meets with
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your specifications. MICROCHIP MAKES NO REPRESENTATIONS OR WARRANTIES OF ANY KIND WHETHER
EXPRESS OR IMPLIED, WRITTEN OR ORAL, STATUTORY OR OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION, QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at the buyer’s risk, and the buyer agrees to defend,
indemnify and hold harmless Microchip from any and all damages, claims, suits, or expenses resulting from such
use. No licenses are conveyed, implicitly or otherwise, under any Microchip intellectual property rights unless
otherwise stated.

Trademarks

The Microchip name and logo, the Microchip logo, Adaptec, AnyRate, AVR, AVR logo, AVR Freaks, BesTime,
BitCloud, chipKIT, chipKIT logo, CryptoMemory, CryptoRF, dsPIC, FlashFlex, flexPWR, HELDO, IGLOO, JukeBlox,
KeelLoq, Kleer, LANCheck, LinkMD, maXStylus, maXTouch, MediaLB, megaAVR, Microsemi, Microsemi logo, MOST,
MOST logo, MPLAB, OptoLyzer, PackeTime, PIC, picoPower, PICSTART, PIC32 logo, PolarFire, Prochip Designer,
QTouch, SAM-BA, SenGenuity, SpyNIC, SST, SST Logo, SuperFlash, Symmetricom, SyncServer, Tachyon,
TempTrackr, TimeSource, tinyAVR, UNI/O, Vectron, and XMEGA are registered trademarks of Microchip Technology
Incorporated in the U.S.A. and other countries.

APT, ClockWorks, The Embedded Control Solutions Company, EtherSynch, FlashTec, Hyper Speed Control,
HyperLight Load, IntelliMOS, Libero, motorBench, mTouch, Powermite 3, Precision Edge, ProASIC, ProASIC Plus,
ProASIC Plus logo, Quiet-Wire, SmartFusion, SyncWorld, Temux, TimeCesium, TimeHub, TimePictra, TimeProvider,
Vite, WinPath, and ZL are registered trademarks of Microchip Technology Incorporated in the U.S.A.

Adjacent Key Suppression, AKS, Analog-for-the-Digital Age, Any Capacitor, Anyln, AnyOut, BlueSky, BodyCom,
CodeGuard, CryptoAuthentication, CryptoAutomotive, CryptoCompanion, CryptoController, dsPICDEM,
dsPICDEM.net, Dynamic Average Matching, DAM, ECAN, EtherGREEN, In-Circuit Serial Programming, ICSP,
INICnet, Inter-Chip Connectivity, JitterBlocker, KleerNet, KleerNet logo, memBrain, Mindi, MiWi, MPASM, MPF,
MPLAB Certified logo, MPLIB, MPLINK, MultiTRAK, NetDetach, Omniscient Code Generation, PICDEM,
PICDEM.net, PICkit, PICtail, PowerSmart, PureSilicon, QMatrix, REAL ICE, Ripple Blocker, SAM-ICE, Serial Quad
1/0, SMART-1.S., SQI, SuperSwitcher, SuperSwitcher Il, Total Endurance, TSHARC, USBCheck, VariSense,
ViewSpan, WiperLock, Wireless DNA, and ZENA are trademarks of Microchip Technology Incorporated in the U.S.A.
and other countries.

SQTP is a service mark of Microchip Technology Incorporated in the U.S.A.

The Adaptec logo, Frequency on Demand, Silicon Storage Technology, and Symmcom are registered trademarks of
Microchip Technology Inc. in other countries.

GestIC is a registered trademark of Microchip Technology Germany || GmbH & Co. KG, a subsidiary of Microchip
Technology Inc., in other countries.

All other trademarks mentioned herein are property of their respective companies.
© 2020, Microchip Technology Incorporated, Printed in the U.S.A., All Rights Reserved.
ISBN: 978-1-5224-5704-6

Quality Management System

For information regarding Microchip’s Quality Management Systems, please visit http://www.microchip.com/quality.
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