MICROCHIP AN2783
FreeRTOS™ Using Percepio® Trace on ATmega4809

Features

* Running a FreeRTOS" Demo with Trace Support on the ATmega4809

*  Demonstrates Responsiveness of the System even if CPU is 100% Loaded
* Using Data Visualizer to Log Data from UART

* Live Streaming of Debug Data into Percepio® Tracealyzer 4

Introduction

The example application provides a port of the FreeRTOS kernel and demonstrates how to build a basic
application using the ATmega4809 AVR® microcontroller, and how to trace the code run time using
Percepio Tracealyzer 4.

Having trace capabilities gives you real-time insight into the behavior of the system to ease development,
debugging, validation and optimization of the code.

* Runsat3.3Vand 10 MHz

*  The application will blink LEDO on ATmega4809 Xplained Pro

*  Use SWO0 on the ATmega4809 Xplained Pro to toggle between views on the OLED display
*  Use SW1 on the ATmega4809 Xplained Pro to trigger an external interrupt

*  Welcome View

— Displays device and FreeRTOS information

— Displays how to switch between views and trigger the ISR

— When the Welcome view is active, the buttons on the OLED1 Xplained Pro have no function
*  Time and Temperature View

— Displays time and temperature of the device

— In this view, while holding down Button 2 it is possible to adjust the time using Button 1
(hours) and Button 3 (minutes)

«  Bubble Sort and Quick Sort Views

— In both these views, 100% of the CPU is used for sorting unless any higher or same priority
tasks are ready

— The OLED displays in text and bar graph how many sorts/sec the device can do on a array of
30 integers

— The user can keep the CPU busy by pushing buttons 1-3 multiple times and see the bar
graph change as sorts/sec goes down

— Pushing SW1 will suspend the current sorting task and update the OLED display
— Pushing SW1 again will resume the task
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Prerequisite

1. Prerequisite
The following sections discuss the hardware and software needed to run this demonstration.
1.1 Hardware

The required hardware and settings are:

*  ATmega4809 Xplained Pro

*  OLED1 Xplained Pro connected to Extension 3 Header

*  ATmega4809 Xplained Pro Target Voltage Selection Header set to 3.3V
Warning: Running target voltage above 3.6V will damage the OLED1 Xplained Pro.
Figure 1-1. ATmega4809 Xplained Pro Overview
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Prerequisite

Software
Here are the software items needed to run this demonstration.

Atmel Studio with Data Visualizer

Percepio Tracealyser for FreeRTOS

Documentation

Here are some additional documents to help you with this demonstration.

ATmega4809 Xplained Pro kit documentation
OLED1 Xplained Pro User Guide

FreeRTOS documentation

Data Visualizer

Percepio Tracealyzer
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CPU Utilization Running Trace

CPU Utilization Running Trace

The time spent by the CPU doing trace and trace-related work is variable. The trace code will send data
each time the context is switched, so heavy task switching will create more trace data, thus more time is
spent in trace code and sending the data over UART. Consequently the UART speed will also affect the
amount of time spent doing trace and trace-related work.

Typical number of reported sorts per second for Bubble and Quick sort are summarized below.
Table 2-1. Sorting Speeds in Iterations per Second

_ Trace Enabled (TE) Trace Disabled (TD)

Bubble Sort 680 + 4 706 + 2
Quick Sort 1638 + 10 1694 + 2

From the results listed above the trace related CPU load can be estimated as

Traceload = % - 100 %. This gives an approximation of percentage of CPU time spent on trace

activity since in these modes sorting and trace consume close to 100% of the total CPU time.
Table 2-2. Calculated Trace CPU Load

Bubble Sort Quick Sort

3.8+0.3% 34+x05%

Trace can be turned off by commenting out the line in FreeRTOSConfig.h

#define trace_enabled_

Remember to Clean Solution and Rebuild Solution in Atmel Studio after doing changes in
FreeRTOSConfig.h.
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Running the Demo

3. Running the Demo

1.
2.
3.

9.

Install software needed
Unzip project and open in Atmel Studio 7

Ensure that the Target Voltage Selector Header (VCC-SEL) is set to 3.3V and connect the
hardware

In Atmel Studio 7, select Debug->Start Debugging and break (Alt + F5)
Start Data Visualizer from Atmel Studio 7, Tools->Data Visualizer
In the Data Visualizer window, open Configuration->External Connections-> Serial Port
— Select EDBG Virtual COM port (COMxx) in drop down menu
— No parity
—  8-bit character size
— 1 stop bit
— 1250000 baud-rate
—  Click Connect button
In Data Visualizer window, open Configuration->Utilities-> File Logger
— Connect the data source from Serial Port Control Panel to Log to File
— Select RAW as file type
— Browse and create a file name ending with .psf
— Click the Start button
Start Tracealyzer 4
— Go to File-> Live Stream->Settings->PSF Streaming Settings

— Choose File System in Target Connections, browse and select the file created in previous
step, apply and OK

— Connect and Start Session
In Atmel Studio 7, Continue(F5) debugging

10. Demo is running and debug data should appear live in Tracealyzer
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Running the Demo

Figure 3-1. Atmel Studio view
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Summary

Summary

The application note has demonstrated how to use trace in a FreeRTOS application running on an
ATmega4809 AVR® microcontroller. Using trace will have an impact on the CPU load as shown in the
CPU utilization chapter, but the benefit in having trace capability and getting real-time insight into the
behavior of the system will surpass the extra CPU load. Trace is typically only used during development,
debugging, validation and optimization of the code and not used when the application is done.
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Revision History

A 8/2018 Initial revision of this document
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The Microchip Web Site

Microchip provides online support via our web site at http://www.microchip.com/. This web site is used as
a means to make files and information easily available to customers. Accessible by using your favorite
Internet browser, the web site contains the following information:

*  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 (FAQ), technical support requests,
online discussion groups, Microchip consultant 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

Customer Change Notification Service

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

To register, access the Microchip web site at http://www.microchip.com/. Under “Support”, click on
“Customer Change Notification” and follow the registration instructions.

Customer Support

Users of Microchip products can receive assistance through several channels:

»  Distributor or Representative
* Local Sales Office
*  Field Application Engineer (FAE)
»  Technical Support
Customers should contact their distributor, representative or Field Application Engineer (FAE) for support.

Local sales offices are also available to help customers. A listing of sales offices and locations is included
in the back of this document.

Technical support is available through the web site 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.

© 2018 Microchip Technology Inc. Application Note DS00002783A-page 10
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*  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 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, AnyRate, AVR, AVR logo, AVR Freaks, BitCloud,
chipKIT, chipKIT logo, CryptoMemory, CryptoRF, dsPIC, FlashFlex, flexPWR, Heldo, JukeBlox, KeelLoq,
Kleer, LANCheck, LINK MD, maXStylus, maXTouch, MediaLB, megaAVR, MOST, MOST logo, MPLAB,
OptoLyzer, PIC, picoPower, PICSTART, PIC32 logo, Prochip Designer, QTouch, SAM-BA, SpyNIC, SST,
SST Logo, SuperFlash, tinyAVR, UNI/O, and XMEGA are registered trademarks of Microchip Technology
Incorporated in the U.S.A. and other countries.

ClockWorks, The Embedded Control Solutions Company, EtherSynch, Hyper Speed Control, HyperLight
Load, IntelliMOS, mTouch, Precision Edge, and Quiet-Wire 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, 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,
motorBench, 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 I/0, SMART-L.S., SQI, SuperSwitcher, SuperSwitcher I, 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.
Silicon Storage Technology is a registered trademark of Microchip Technology Inc. in other countries.

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

All other trademarks mentioned herein are property of their respective companies.
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Quality Management System Certified by DNV

ISO/TS 16949

Microchip received ISO/TS-16949:2009 certification for its worldwide headquarters, design and wafer
fabrication facilities in Chandler and Tempe, Arizona; Gresham, Oregon and design centers in California
and India. The Company’s quality system processes and procedures are for its PIC® MCUs and dsPIC®
DSCs, KEELOQ® code hopping devices, Serial EEPROMSs, microperipherals, nonvolatile memory and
analog products. In addition, Microchip’s quality system for the design and manufacture of development
systems is ISO 9001:2000 certified.
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Fax: 45-4485-2829
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Tel: 358-9-4520-820
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Fax: 33-1-69-30-90-79
Germany - Garching
Tel: 49-8931-9700
Germany - Haan

Tel: 49-2129-3766400
Germany - Heilbronn
Tel: 49-7131-67-3636
Germany - Karlsruhe
Tel: 49-721-625370
Germany - Munich
Tel: 49-89-627-144-0
Fax: 49-89-627-144-44
Germany - Rosenheim
Tel: 49-8031-354-560
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Tel: 972-9-744-7705
Italy - Milan

Tel: 39-0331-742611
Fax: 39-0331-466781
Italy - Padova

Tel: 39-049-7625286
Netherlands - Drunen
Tel: 31-416-690399
Fax: 31-416-690340
Norway - Trondheim
Tel: 47-7289-7561
Poland - Warsaw

Tel: 48-22-3325737
Romania - Bucharest
Tel: 40-21-407-87-50
Spain - Madrid

Tel: 34-91-708-08-90
Fax: 34-91-708-08-91
Sweden - Gothenberg
Tel: 46-31-704-60-40
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Tel: 46-8-5090-4654
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