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AGENDA

Introduction

-FRDM-K22F

-FreeRTOS

- Kinetis SDK

- Kinetis Design Studio (KDS)
Eclipse Kernel Awareness
SEGGER SystemView
Percepio FreeRTOS+Trace
Wrap-up and Closure
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Session Introduction and Objectives

- This session shows how you can use Kinetis SDK +

FreeRTOS Solutions

- It shows how to debug a SDK application with FreeRTOS

which includes an instrumented RTOS with Trace

- The application uses Kinetis Design Studio V3.2.0, Kinetis

SDK V2.0 and the FRDM-K22F board, but the concepts are
applicable to different setup as well

- After completing this session you will be able to:

2

- Effectively use solutions for Kinetis SDK + FreeRTOS applications
- Reduce debugging time
- Improve application performance

PUBLIC USE
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Session Philosophy

- Preinstalled software on lab computers

- Repeat things on your own machine: installation instructions for
Installation at a later time

- You have received a Kinetis Design Studio + Kinetis SDK +
FreeRTOS Application with the FRDM-K22F board

- Theory input with Lab in parallel
- Going through the slide material
- Perform the things learned with your lab computer
- Additional information/links provided

3 PUBLIC USE
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Kinetis Design Studio

No-cost integrated Product Features:
development environment - A free of charge and unlimited IDE for Kinetis MCUs
(IDE) for Kinetis MCUs - A basic IDE that offers robust editing, compiling and debugging
Based on Eclipse, GCC, GDB and other open-source technologies
Eclipse and GCC-based IDE - Includes Processor Expert with Kinetis SDK integration
@ for C/C++ e;htlng, compiling - Supports all existing Kinetis devices via Processor Expert and new project
and debugging wizard

All new Kinetis devices will also feature the Kinetis SDK with Processor Expert

configurability
- Code Generation for GNU, IAR and Keuil
Host operating systems:
- Microsoft Windows 7/8/10
- Linux (Ubuntu, Redhat, Centos) (64bit)
- Mac OS X and Segger J-Link
— Sy Support for SEGGER, P&E and OpenSDA/CMSIS-DAP debugger targets
(DSP, Math, System - Support for Eclipse plug-ins including RTOS-awareness (i.e. MQX, FreeRTOS)

Encryption

- Commercial upgrade path: Somnium DRT
Learn more at: @

y
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http://www.nxp.com/KDS
https://community.freescale.com/community/kinetis-design-studio

Kinetis Software Development Kit v2.x (KSDK v2)

5

Architecture:
- CMSIS-CORE compatible
- Single driver for each peripheral

- Transactional APIs w/ optional DMA support for communication

peripherals GMSIS
Integrated RTOS: Egcfg{:é?:'\:";
- FreeRTOS, Micrium uC/OS-Il & -llI
- RTOS-native driver wrappers |
Integrated Stacks & Middleware | ucios |
- USB Host, Device and OTG
- IwlIP, FatFS

- Crypto acceleration plus wolfSSL & mbedTLS s USB

- SD and eMMC card support -
Reference Software:

- Peripheral Driver usage examples

- Application Demos

- FreeRTOS usage demos

License:

- BSD 3-clause for startup, drivers, USB stack

Toolchains: A

- KDS, IAR, Keil, Atollic, GCC w/ CMake Open Source
) Initiative

Quality

- Production grade software
- MISRA 2004 compliance
- Checked with Coverity Static Analysis tools

PUBLICUSE  #NXPFTF

Learn more at: @

The software framework and
reference for Kinetis MCU
application development

Application Code

Stacks /
Middleware

Peripheral Drivers

CMSIS-CORE and CMSIS-DSP

Microcontroller Hardware



http://www.nxp.com/KSDK

Freedom Development Platforms

Product Features
. Low—cost (starting at $12.95 USD)

- Designed in an industry-standard compact form
factor (Arduino R3)

- Easy access to the MCU 1/O pins

- Integrated open-standard serial and debug
Interface (OpenSDA)

- Compatible with a rich-set of third-party expansion
boards

Software and Support

- Rich ARM ecosystem includes Kinetis Design
Studio, Kell, IAR, SEGGER, mbed and more

- mbed-enablement through the built-in USB flash
programming interface (OpenSDA)
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Learn more at:

Low-cost/low-power development
hardware

Enables quick application
prototyping and demonstration
of



http://www.nxp.com/mbed

UBM Embedded Market Study

Z

PUBLIC USE

2015 UBM Electronics Embedded Markets Study

Please select ALL of the operating systems

you are currently using.

FreeRTOS

Micrium (uC/OS-

Inhouse/custom

Ubuntu

Android

Debian (Linux)

Micrium (uC/OS-Il)

Keil (RTX)

Microsoft Windows Embedded 7 earlier
Wind River (VxWorks)

Microsoft Windows 7 Compact earlier
Freescale MQX

Texas Instruments (DSP/BIOS)
Angstrom (Linux)

QNX (QNX)

Red Hat (IX Linux)

Express Logic (ThreadX)

Green Hills (INTEGRITY)

Analog Devices (VDK)

Texas Instruments RTOS

Mentor Graphics (Net)

eCos
Base: Currently using an operating system

HNXPFTF

22%

m2015 (N = 903)
m2014 (N = 1,096)

Only Operating Systems with
2% or more are shown.

© 2015 Proparty of USM Canon; All Right:

3 %
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FreeRTOS and Tools

8

- Maintained by Real Time Engineers Ltd., London (Richard Barry) j

- Open Source, free-of-charge, royalty free

- >35 architectures, >113,000 downloads in 2015

- Portable, simple to learn and use

- Ecosystem and commercial supported ports available

-OpenRTOS: commercial supported version

- SafeRTOS: special version dedicated to safety critical systems
-SEGGER SystemView: System Visibility with Segger RTT
-PERCEPIO Tracalizer: Powerful Analysis Views

PUBLIC USE
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http://www.freertos.org/

NXP Software and Tools for FreeRTOS

« FreeRTOS included in NXP Kinetis SDK: diplcincoe

Stacks and Middleware _ ) )
— (Colmec““ity- Secll It, L 80 amsup F :t
DMA, Filesystem, efc)

- Open Source, permissible license ‘ (FraRTOS, sCiom PesohierlDries
- CMSIS-Core startup and drivers
-FreeRTOS, Micrium uC/OS and bare metal support

- Kinetis Design Studio based on GNU/Eclipse:

- Kinetis Design Studio

Microcontroller Hardware

- Kinetis SDK device support added with Eclipse Updates

- Processor Expert used for Rapid Application
Development

- FreeRTOS Kernel Awareness Plugin

s
escale 2,
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http://www.nxp.com/ksdk
http://www.nxp.com/kds

Lab Notes

. Lab Files in C:\FTF\N1956 PrEEElSe o
4 || N1956 Lab Computers
4 | Tools
. Kinetis Design Studio

- Lab KSDK FreeRTOS

-KDS Project used in labs [[:
- Tools

-Tools used in labs

- wsp_kds3.2.0
- Kinetis Design Studio workspace used in labs

)

. Kinetis 50K

.. MNXP FreeRTOS KA
. OpensDA

.. Percepio Tracealizer
.. Segger SystemView
.. Tracealizer

1 Wittenstein

[ wsp_kds3.2.0

Please leave the boards/cables/notebooks in the room!

y
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Lab Setup

Setup and installation of the tools used in this session... .
Preinstalled on

Lab Computers

11  PuUBLICUSE #NXPFTF M



Outline: Setup

+ Problem
- Getting Tools and Project in place
?2??
- Solution \
- Installation of Kinetis Design Studio IDE, Kinetis SDK and \ /
Eclipse Update N
- Steps
- Installation of Kinetis Design Studio Preinstalled on
- Installation of Kinetis SDK Lab Computers

- Adding Kinetis SDK support to Kinetis Design Studio
- Importing existing project into workspace

h o
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Installation of Kinetis Design Studio IDE

- Download Kinetis Design 0 a

PRODUCTS

dio from .
Stu I O ro MXP > Software and Tools » Run-time Software > Kinetis Software and Tools IDEs for Kinetis MCUs E <

Kinetis Design Studio Integrated Development Environment (IDE) +

Overview || Documentation Downloads || Hardware & Tools || Training & Support

- Version used in Lab: KDS
[ Overview
The Kinetis Design Studio (KDS) is a complimentary integrated development environment for Kinetis MCUs that
Features enables robust editing, compiling and debugaing of your designs. Based on free, open-source software including
V3 . 2 . O Supported Devices Eclipse. GNU Compiler Collection (GCC), GNU Debugger (GDB). and others, the Kinetis Design Studio IDE offers
designers a simple development tool with no code-size limitations. Furthermore, Processor Expert software enables
your design with its knowledge base and helps create powerful applications with a few mouse clicks.

° H OStS : WI n d OWS : LI n ux’ M aC Additional and new device support is installed through the Kinetis Software Development

If you are looking to upgrade to commercial tools that are fully compatible with KDS, click

OS X F

- Run the setup with default
settings

Community Discussions

Preinstalled on
Lab Computers
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http://www.nxp.com/kds

Kernel Awareness Installation

- Menu Help > Install New Software
- N1956/Tools/INXP FreeRTOS KA/*.zip Lab Computers

' ™
@ Install e

Available Software q
Check the items that you wish te install, \JD

Workwith:  Tools/NXP FreeRTOS KA/com.freescale freertos.gdb.tad_0.6.5.201602251506.zipl/ v

Find more software by working with the "Available Software Sites” preferences.

Pre-Installed on

type filter text

Name Version
4 (V] 000 FreeRTOS plug-ins
Lis FreeRTOS Task Aware Debugger for GDB 0.6.5.201602251506

< 1 | p

| SelectAll || Deselect Al 1 item selected

Details

»

Show only the latest versions of available software [7] Hide items that are already installed
[¥] Group items by category What is already installed?

Show only software applicable to target environment

[] Contact all update sites during install to find required software

@ < Back Next » Finish

14 pPUBLICUSE #NXPFTF



Get the Kinetis SDK

Build the SDK on

Download file from the Vault
Extract into c:\nxp\KSDK

=» Lab project has SDK inside
lab project (‘standalone’)

15 PUBLICUSE #NXPFTF

NXO Kinetis Expert @ English ~

Kinetis Expert

System Configuration Tool

Kinetis Expert provides a set of system configuration tools that help users of all levels with a Kinetis-based MCU
solution. It is an expert on all things Kinetis — let it be your guide from first evaluation to production development.

Get started now with the Kinetis Expert online preview.

Build an SDK
Choose a configuration for a specific evaluation board or a specific MCU, then let Kinetis Expert help you build a

custom version of the Kinetis SDK and locate other software and tools.

Preinstalled on
Lab Computers



http://kex.nxp.com/

Segger SystemView

- Download SystemView
from

- Run the setup

Preinstalled on

Lab Computers

16 PUBLIC USE
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/SEGGER

The Embedded Experts

Home J-Link Debug Probe

RTOS and Middleware SystemVieW

J-Link Debug Probes

General Info

+ Maximum system insight

-Link SW0O Vi
I-Link SWO + Cycle-accurate profiling

J-Scope

+ No additional hardware required

tinuous Recording
ot Recording
Post-Morterm Mode
J-Flash
1-Flash 5PL

SEGGER SystemView

Real-time analysis and visualization

SEGGER SystemView is a real-time recording and visualization tool that exposes
the true runtime behavior of an application, going far deeper than the insight
provided by debuggers. This is particularly effective when developing and working
with complex systems comprising multiple threads and interrupts: SystemView can
ensure a system performs as designed, can track down inefficiencies, and show
unintended interactions and resource conflicts.

Features

Minimal intrusive.

Free tool. No license costs, no hidden fees.

RTOS task, resource, and API tracing.

Interrupt tracing for bare metal systems without an RTOS.

Continuous real-time recording and live analysis with J-Link and SEGGER RTT
technology.

Live analysis of captured data -- view responses to stimuli in real time without
stopping the target!

emb0OS, embOS/IP, and FreeRTOS API call tracing as standard.

Can be adapted to other RTOS using a fully documented API.

Works on any CPU.

h o

P R


https://www.segger.com/systemview.html

FreeRTOS+Trace Tracealizer from Percepio

- Download Tracealyzer percepio
for FreeRTOS from e sorvaAn

PERCEPIO AB * DOWHNLOAD

Download

Below are permanent links to the latest Tracealyzer versions. These include all license types, including

° Free demo VerS|On (taSk evaluation and commercial use.

. Tracealyzer for FreeRTOS v3.0.6 Windows installer (.exe) Linux (.tgz)

SChed UIIng On Iy) FreeRTOS+Trace for PIC32 v2.7.8 Windows installer (.exe) Linux (.tgz)
Tracealyzer for Linux v2.7.5 Windows installer {.exe) Linux (.tgz)

. Tracealyzer for VxWorks v2.7.5 Windows installer (.exe) Linux (.tgz)

° 30 day evaluatlon Tracealyzer for emb0S (emb0OS-Trace) v2.8.4 Windows installer (.exe) Linux (.tgz)
Tracealyzer for On Time RTOS-32 v2.7.5 Windows installer (.exe) Linux (.tgz)

(Professional Edition)
Installed on lab

computers
Preinstalled on

Lab Computers

\r
4\
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http://www.percepio.com/tz/

Lab Setup: Segger OpenSDA Firmware

- Power Board with 'SDA USB' while RESET button pressed

- Board enumerates as BOOTLOADER
- Copy firmware file (JLink_OpenSDA V2 2015-10-13.bin) to BOOTLOADER drive

- Green LED blinks fast, then mostly on

- Repower board with SDA USB port normally
- USB drivers might enumerate
- Green LED mostly on

Preinstalled on

Lab Boards

\r
4\

4 s BOOTLOADER (Dx)

. fseventsd
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Summary: Lab Setup

- Setup on Lab Machines
- FRDM-K22F Board
- OpenSDA Debug (Segger J-Link)
- Kinetis Design Studio
-FreeRTOS Kernel Awareness
- Kinetis SDK
- Segger SystemView
- Percepio Tracealizer
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Lab Application

Go, figure it out and make it better!

20 PUBLIC USE
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Outline: Lab Application

- High Level overview (Tools, board, Application)
- First steps

21

- Starting Kinetis Design Studio IDE
- New workspace

- Importing Project

- Building

- Debugging

PUBLIC USE

22?

h o

P R



Lab Board and Application

22

FRDM-K22F (ARM Cortex M4F)

OpenSDA v2 with Segger J-Link OpenSDA firmware
Kinetis SDK v2.0 with FreeRTOS v8.2.3

USB HID Composite (Mouse + Keyboard)
FreeRTOS+Trace enabled

-Segger SystemView with Segger RTT
-Percepio Tracealizer with Segger RTT

PUBLIC USE

4 [=f FRDM-K22F_USB_Mouse_Kybd_SDK_v2.0
; ﬁg—? Binaries
> [ Includes
+ [} board
> [y CMSIS
+ [ Debug
> [y drivers
» [ freertos
4 [} source
» [y PERCEPIO
» [Zy SEGGER
» (F UTILTY
> |__|"El Application.c
- [K) Application.h
> |__|"El composite.c
. [k} composite.h
; R FreeRTOSConfig.h
+ [} hid_keyboard.c
; R hid_keyboard.h
» |_—rel hid_mouse.c
v R hid_mouse.h
+ ¢} main.c
» |__|"El SwTimer.c
» m SwTimer.h
> @, usb_device_config.h
s |_—rel usb_device_descriptor.c
> @, usb_device_descriptor.h
> [~f startup
» B ush
> [y utilities
|5 FRDM-K2ZF_USE_Mouse Kybd_SDK
|5 ME22FN512:00d2 flash.ld

[ readmett
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Board Functions

Connect both
USB cables to
host PC

o SR
12

-
o
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"
e
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~ -
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File el RV 00

SW2, enable/disable
USB Functions
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SWS3, changes UQ S
LED color |
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Launching Kinetis Design Studio IDE

- Launch KDS from Shortcut on Desktop
- Choose Workspace

Kinetis Design Studio

-C:\FTF\N1956\wsp_kds3.2.0 San

« Click on Workbench

- (o crr . vicetic Design Studio - CAFTRN1956\wsp_kds3.2.0 ESEER )
ﬂ Wnrlﬁpace Launcher ﬁ rce  Refactor Mavigate Search Project Run  Processor Expert  Window Help
Select a workspace me :
Kinetis Design Studio stores your projects in a folder called a workspace. T
Choose a workspace folder to use for this session,
(e C\FTE\N1056\wep kds3.2.0 ~ | Browse.. | )
rlcome to Kinetis Design =3

udio

"] Use this as the default and do not ask again tinetis Design Studio IDE is a complimentary integrated development

bnment for Kinetis MCUs that enables robust editing, compiling and
[ oK ] ’ Cancel l hging of your designs. Based on free, open-source software including
se. GNU Compiler Collection (GCCY. GNU Debuaaer (GDBY. and others. the ~

LI

N
4

P R
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Kinetis Design Studio

- New Workspace, no
projects listed

- Importing lab project in
next step

25 PUBLIC USE

-

& C/C++ - Kinetis Design Studio - CAFTRN1936\wsp_kds3.2.0

i & e iBin| b
[7 Project Explorer 52 = 8
B&|e ~

&) Console 2

Processor Expert

Processor Expert license file =

4

0 items selected

File Edit Source Refactor Mavigate Search Project Run  Processor Expert Window Help

TGO RI®E S

LATILETTIAL Ldille WLIMELLUTY = o AFTugidiird L AFTTULESSUDT CAPENLAFDLALne waLowl aost

not used (no license file)

88.85.2016 12:49:80 Successfully started Processor Expert service L

Quick Access

B |Eae-]
= E EEOES ))2 = E

-

An outline is not available,

| E-0-=8

h o
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Importing Existing Project

Menu File > Import > General > EX|st|ng Projects into Workspace

-,-" C/C++ - Kinetis Design Studio - C\FTRFAN1956\wsp_kd
Edit Source Refactor MNavigate Search Proj

Mew Alt+Shift+MN »
Open File...

Close Chrl+W
Close All Ctrl+5Shift+W

Save Ctrl+5
Save As...

Save All Ctrl+5hift+5
Revert

Move...
Rename... F2
Refresh F5

Convert Line Delimiters To 3

= HE

=5 Print. Ctrl+P

Switch Workspace 2
Restart

Import... l I
Export...

clE

Properties Alt+Enter -

=]
Exit Ex

wETesTZeIs 1

0 items selected

PUBLIC USE

..':l": Import

Select

Create new projects from an archive file or directory.

Select an import source:

type filter text

4 = General
JE Archive File
l=* Existing Projects into Workspace
[} File System
[ Preferences
» = CfC++

»

LA

@ = Back [ Mext =

h o
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Importing Existing Project

Enter C:\FTF\N1956

- Select project (FRDM-K22F USB ...)
- Select Copy projects into workspace

Press Finish to copy it

27 PUBLIC USE

i# Import

El. e |

Import Projects

workspace

@ Select root directony:|  c\ftFn1956

(") Select archive file:

Projects:

1, Some projects cannot be imported because they already exist in the ; ,_f

-
:
Browse...

[
Options
[7] Search for nested projects

I Copy projects into workspace
[ Hide projects that already exist in the workspace

Working sets

[T Add project to working sets

RDM-K22F_USB_Mouse_Kybd_SDK_v2.0 {c:\ftF\n1956\FRDM-K22i

Select All

Mmrmlam+ Al

Select...

Finish ] [ Cancel ]
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Editor View

- ™y
. i@ C/C++ - FROM-K22F_USB_Mouse_Kybd_SDK_v2.0/source/main.c - Kinetis Design Studio - CAFTRN1956\wsp_kds3.2.0 [E=RE™
® Expand prOJeCt fOIder File Edit Source Refactor Mavigate Search Project Run  Processor Expert Window Help
O L@ ® R @I EIN] D g e @0 R m S
: : B w0 ol o Quick Access | 9 | (BT
- Double click on main to -
. . . . — ojectExplorer 32 = O [£] main.c 2 =0 2 *» = 0
open it in editor view eS| em - | vean
4 (25 FRDM-K22F_USB_Mouse| »| Applicat “ry point. -
> [ Includes ~int main{void) { 5 stringh
> [= board BOARD InitPins(); 5 board.h
L = CMSIS BOARD_BootClockHSRUN( ) ; . o
. (= drivers BOARD_InitDebugConsole(); ; plln_Lnux
clock_cc
> & freertos APP_Init(); /* initialize application */ & compos
4 [= source RTTL Init(); /* initialize SEGGER RTT */ 5 SwTime
> == PERCEPIO #if configUSE_TRACE_HOOKS /* using Percepio FreeRTOS+Trace — 5 RTTLK
. = SEGGER vTraceInitTraceData(); —— Ih
o UTILITY - if (uiTracestart()==9) { il
- for(;;}{} /* error starting trace recorder. Not setup =l FreeRTO
» [£] Application.c 1 U Applicat
> [B] Application.h #elif configUSE_SEGGER_SYSTEM VIEWER_HOOKS /* using SEGGER| s PTRCLA
- € composite.c S¥51 _Init(); main({vo
> |k compositeh #endif
. [B FreeRTOSConfig. SWT_Init(); /* inift FreeRTOS software timers */ A
. CompositeInit(); /* init Composite USB device */
> g h!d_keyboard.c vTaskStartScheduler(); /* start FreeRTOS */
> [B] hid_keyboard.h for(;;) { /* Infinite loop to aveid leaving the main fun ~
> gl hid_mouse.c 4 1 | p « [ »
> [k hid_mouse.h ) - i _ i _=
>@main.c 2 Problems asks [E) Console &3 Properties %EEl"'E"I_‘J' ]
> g SwTimerc . Processor Expert
) CUam s EUAL AETTSLOU Srar CANg 1 OTCI5U CApTr € Sor vive
> [B] SwTimerh System directory = C:hnxp\KDS_3.2.8\eclipse\ProcessorExpert bl
i @ ush_device_confi Internal cache directery = C:\ProgramData\Processor Expert\PECache\ac8@fass |_|
> [g ush_device descr| Processor Expert license file = not used (no license file)
— - - — AR AR 2A1A 17240068 Sarrerz=fullv =tarted Praressnr Fynert zseruics il
< 1 | F ] 3
Writable Smart Insert 2:1
W A

h o
P R
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Kinetis Design Studio IDE Views

-
I-_ﬁ- CfC++ - FRDM-K22F_USB_Mouse_Kybd_SDK_v2.0/source/main.c - Kinetis Design Studio - CAFTRN1956\wsp_kds3.2.0

ESNIENTCE)

File Edit Source Refactor

T RN et

Mavigate Search Project Run  Processor Expert Window Help
T iBIN D g & @
£ N e

- 0BRSS T
Quick Access i‘ §|

b [ drivers
[+ [ freertos

Project

View

[ £ composite.c

I [h compositeh

I+ [h FreeRTOSConfig.
i [€) hid_keyboard.c
I [ hid_keyboard.h
i [€ hid_mouse.c

i [k hid_mause.h

b [€ main.c

b€ SwTimerc

i [n SwTimerh

[» @ usb_device_confi
[

« i) »

[£] usb_devi ce_descr

BOARD_BootClockHSRUN() ;
BOARD InitDebugConsole();

APP_Init(); /* initialize application */
RTTL Init(); /* initialize SEGGER RTT */
i . epio FreeRTO5+Trace —

#if configUSE_TR e

Higpsiallls  Source
View

for(;;{} /

#elif configUSEJ
SYS1_Init();
#endif
SWT_Init(); /* inift FreeRTOS software timers */
CompositeInit(); /* init Composite USB device */
wTaskStartScheduler(); /* start FreeRTOS */
-lFar{j;.} { /* Infinite loop to avaid| leaving the main fun ™
1 m r

b recorder. Not setup -

B HOOKS /* using SEGGER

[2! Problems =] Tasks | B Console
Processor Expert

= O

ZElmB-m-=8

(@ C/Cre

C/C++
Perspective

SwTirme
= RTTLh
B 5Y¥5lh
W FreeRTO
o Applicat
= PTRCLh

@ main(vo

il v

A T T
System directory = Ci\nxp\KDS_
Internal cache directory = C:\F
Processor Expert license file =

AR ALK MR
4

brExpert

not Used (no license file)
124030 Sirrepzzfullv started Prareszznre Fyvnert cearvices

| Writable Smart Insert | 2:1

Expert\PECache\ac3@fasd D

~

-

29
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Application Project Structure

=5 FRDM-K22F_USB_Mouse Kybd_SDK

- board, CMSIS & drivers: Kinetis SDK 5 e
- freertos: RTOS e
- source: Application sources Py

. (= PERCEPIO
(= SEGGER

- PERCPIO: Percepio FreeRTOS+Trace sources & oy

- g Application.c
- SEGGER: Segger SystemView and RTT sources B comporins
. composite.h
-UTILITY: helper routines e onan
: hid_keyboard.h
- startup: SDK startup code B idmovseh
- Lg] main.c
- USB: USB stack 5 ST
. ush_device_config.h
. utilities: SDK utilities Qg
=y
- L:; E;:gﬁ?KEzF_USB_MDUSE_K)‘bd_
|j readme.bd -

30 PUBLIC USE
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FreeRTOSConfig.h and Show Line Numbers

- RTOS Configuration File (FreeRTOSConfig.h)

- Will use it to turn on either Segger and Percepio Trace
- =» Show Line Numbers

31

[ Project Explorer 32 [ <}.==c}| &

-

=

4 =5 FRDM-K22F_USE_Mouse_Kybd_SDK_v2.0

> :gff' Binaries

> [t Includes

> = board

> = CMSIS

» = Debug

> = drivers

> = freertos

4 (= source
> (= PERCEPIO
» [= SEGGER
= UTILITY
> [ Application.c
> [n] Application.h
5 [€] compasite.c

I > || FreeRTOSConfig.h

> e hid_keyboard.c
> [n] hid_keyboard.h
> [€] hid_mouse.c

> [n] hid_mouse.h

5 g mainc

5 el SwTimer.c

PUBLIC USE

8 [£] main.c [n| FreeRTOSCeonfig.h 52

i t#tdefine confighax Toggle Breakpoint Ctrl+5hi1‘t+;B
#define configUSE_
#tdeftine configUsE_ Add Breakpoint... Ctrl+Double Click
#define configUsE_ N
#define configUSE_ Sl LTEE
#detine configUSE_ Enable Breakpoint Shift+ Double Click
#define configIDLE ) : ]
#define configUSE | Breakpoint Properties... Ctrl+Double Click
#define configUSE_| Breakpoint Types
#define configCHEC
#define config(HEC QUiCk Fix Ctrl+1
#define configUSE_|
#define configQUEUN
#define configUSE S
#define configUSE_ Add Task...
#define configUSE_
/* Tigkless Tdle Md o Show Quick Diff Ctrl+Shift+ 0

= #define configUSE_ -
#define configEXPE Show Line Numbers
#define configUSE_ Folding
#define configUSE_
#define confighUM_ Preferences
#define configMAX_PRIORITIES

#define

configMAX CO ROUTINE PRIORITIES

4|

1

length in b
additional

Trace hook
ystem Viewe
FACILITY |
t tick coun

ing stack o
ionStackove

enable app
dle /* func
read local

{(unsigned portBASE_TYPE)G)

2

3
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Clean Project

-

‘ﬂ C/C++ - FRDM-K22F_USE_Mouse_Kybd_SDEK_v2.0/scurce/main.c - Kinetis Design Studic - CAFTRN1956 wsp_k
. . . File Edit Source Refactor Mavigate Search [Project] Run  Processor Expert  Window Help
. After importing a project, a T T TR ST =TEe] p—
: : - - - - Close Project
clean shall be done _
[75 Project Explorer 32 = B [€] main.c 3| lo° Sl Cur+B
1 1 Build Confi i
- Removes object files G| ogn | S/t | BuHconoumon '
‘"I 5 FRDM-K22F_USE . 1 - _,'L i Build Project
-Removes make files R Tnctudes || ©int may SuldWorng Set |
¢ = board BOARL Clean... 2
» CMSI5 BOARC : i |
} g drvere BOARD v Build AMmatically
1 1 ¢ [= freertos Make Target [
° Perform a Clean 4 (= source i:—PrII
. = PERCEPIO #if con C/C++ Index [
! r “esistant... Alt+K
- Select project # Clean ] ’
— 1 Clean will discard all build problems and built states. The ocessor Expert Static Code
Menu ProjeCt > Clean uee projects will be rebuilt from scratch.
@ Clean all projects () Clean projects selected below
-Press OK to clean
(5 FRDM-K22F_USB_Mouse_Kybd_SDK_v2.0
OK l ’ Cancel

h o
P R

32 PUBLIC USE



Build Project

- Select Project and Build %'
- Results

-No errors in Problems view
- Code/Data size reported in Console

[*] Problems o= Tasks B Console 32 [ Properties <& G| LB B = ;5K| m B~y = O

CDT Build Console [FRDM-K22F_USB_Mouse_Kybd_SDE_v2.0]

13:@6:16 **** Incremental Build of configuration Debug for project FRDM-K22F_USB_Mouse Kyb -

make -8 all

Invoking: Cross ARM GNU Print Size
arm-none-eabi-size --format=berkeley “FRDM-K22F USBE Mouse Kybd SDK v2.8.elf"
text data bss dec hex filename

59168 788 24488 84356 14984 FRDM-K22F USB_Mouse Kybd SDK v2.@.elf
Finished building: FRDM-K22F_USE_Mouse Kybd SDK_wv2.8.siz

13:86:16 Build Finished (tock 378ms)

|
4| ]
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m

1

r.
‘:ﬁ C/C++ - FRDOM-K22F_USE_Mouse_Kybd_SDK_v2.0/scurce/main.c - Kinetis Design Studio - CY

File Edit Sourr= Refa igate Search Project Run  Processor Expert  Windo
- \_21// EEN=ER R S R AR SR A CA SR

. v.-r - & -;‘::lv A

Build 'Debug’ for project 'FRDM-K22F_USE_Mouse_Kybd SDK_v:
[75 Project Explorer &3 = O [ main.c &2

R

|E5 FROM-K22F_USB_Mouse_Kybd. 1 * brief Application entry point.
[+ |[pH Includes |_\|."‘-_ _*;" o

[*] Problems 32 J=| Tasks & Console ] Properties o ~ = B
0 items
Description . Resource Path




34

Debug Application

- Select Project
- Press Debug Icon Tﬁf“

PUBLIC USE

o

';li': C/C++ - FRDM-K22F_USE_Mouse_Kybd_SDE_v2.0/scurce/main.c - Kinetis Design Studio - CAFTRN1956ws;

File Edit Source Refactor Mavigate 5Search Project Run  ProcessorBve=t Window Help
OrLgler SN g sl 2_JHHo-e
: o o s -:':j - -

Debug FRDM-E

[ Project Explorer &3 N [ main.c E3

{}=. = '3 |
E (=5 FRDM-K22F_USB_Mouse Kyt ‘1 ibrief Application entry
> 3%, Dinaries | '

y polnt.
. :\':.ll
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Segger Unlimited Flash Breakpoints

- J-Link Dialog to accept (enable checkbox and press Accept)
- Eclipse asks to switch perspective (enable checkbox and press Yes)

J-Link ¥4.98e - Terms of use

The connected erulator iz an DpenS0DA unning a J-Link compatible firmware.
I order to make uze of thiz firrmware, the following Terms OF Usze must be accepted.

TERMS OF USE

1] The firmware iz only to be uzed with Freescale target devices. Using it with other devices is prohibited
and illegal.

2] The firrmveare iz for use with evaluation boardz only. 1t is not for uze with cuztom hardware.

3] The firrmweare may only be uzed for development and/or evaluation purpozes. [t may not be uzed for
production purpozes.

4] The firmware 1z made available without any warranty and without suppoart.

5] The firmware may be uzed with the OpenSDa platform anly.

Far more infarmation, please refer to http: /s seager. comdopensda. html

If there iz any doubt if a certain use may be considered within the foregoing scope,
it iz strongly recommended to consult SEGGER prior ko use.
In order to contact SEGGER, please visit hitp: /A, seqger. comycontact-us. html

For developrment on target hardware, we recommend our industry leading
J-Link PRO [http: A fvavae. zegger. comdjlink-pra. htrl]

J-Link. ltra+ [Http:/ Avene. zegger. comdlink-ultra-plus. btml)

J-Link PLUS [http: /A seqger. comdlink-pluz. htmil]

J-Link. [Http: £ vy, zeqger. comAlink. bitml ]

Far profeszional praduction flazh programming we recormmend:

m

o

% Confirm Perspective Switch

'g' This kind of launch is cenfigured to cpen the Debug perspective when it suspends.

This Debug perspective is designed to support application debugging. It
incorporates views for displaying the debug stack, variables and breakpoint
management.

Do you want to open this perspective now?

| Rernember my decision

-,

==

Yes l || Mo

[v Do rnot show this message again for boday

Decline |

Accept

35
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Debugging/Running Application

Run the application L

-
4 Debug - FRDM-K22F_USB_Mouse_Kybd_SDK_v2.0/source/main.c - Kinetis Design Studio - CAFTR\N1956\wsp_kds3.2.0 EE—
File Edit Source Refactor Mavigate Search Project Run  Processor Expert  FreeRTOS Window Help
Tmi Glw BNk UEBNED B S O QRI®S Y e
3 e e Quick Access - @| Fg C/C++
35 Debug 3 | = ¥ = 8 (®=Var. 5 9 Bre Reg Em Peri Ao = 0O
4 [c| FRDM-K22F_USB_Mouse_ _v2/)_Debug_Segger [GDE SEGGER » | E = | 4 e | e -
4 12 FRDM-K22F_USBE_Mouse I'-'I],rbd SDK_v2.0.elf
| MName Type
4 # Thread #1 <main> (Suspended : Breakpoint) 3
= main() at main.c:57 08050 & 4 1] #
g JLinkGDBServerCL -
w | arm-none-eabi-gdb i -
4 | m F 1 b

36 PUBLIC USE
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Running Lab Application

Press SW3 to change RGB LED color
Press SW2 to toggle USB functionality

” SW2, enable/disable USB Functions %uor‘

_b ,1““(‘.;” a uis " :v N k‘ ’C:.‘ \ B _,v.| Ny “”+~
o T t’ 5'. . .

,_J, ,\‘_na
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Debugging/Running Application

- Terminate Debug Session
- Switch to C/C++ Perspective @ ccs+

ISR

r-.
‘:ii‘. Debug - FRDM-K22F_USB_Meouse_Kybd_SDK_v2.0/scurce/main.c - Kinetis Design Studic - CA\FTRWN1956\wsp_kds3.2.0

=]

File Edit Source Refactor Mavigate 5Search Project Run  Processor Expert  FreeRTOS  Window Help
TR AT === P S « S0 5 IR L NE Sl W= Ral

Tm S| i Biw e
I_:.‘-' v.-r - ° -:'__'::lv -
5 Debug 57 i ¥ = 8  ®=Van. 2 % Bre Re

4 [c| FRDM-K22F_USB_Mouse_Kybd_SD
4 ﬁ? FRDM-K22F_USB_Mouse_Kybd_SDE_v2.0.elf
4 o Thread #1 <main> (Suspended : Breakpoint)
= main() at main.c:57 0x8050

g JLinkGDBServerCL

s | arm-none-eabi-gdb
i m

j Mame
4| 10 |
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ug_Segger [GDB SEGGER = ¥ <t _| %

=

Quick Access @’| A C/C++

= O
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Summary: Lab Setup

- Initial version of lab application running on board

- Kinetis Design Studio IDE: Eclipse based IDE for NXP Kinetis
devices

- Kinetis SDK: Suite of peripheral drivers, stacks and middleware
- Application overview: high level functions and overview

- Further Information: _

— \!{!/

A ¥ 4
4\
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http://www.nxp.com/kds
http://www.nxp.com/ksdk
http://www.nxp.com/freedom

Lab: NXP FreeRTOS Kernel Awareness

Inspecting stack and runtime behavior of RTOS and Application

40 PUBLIC USE
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Outline: FreeRTOS Kernel Awareness

- Problem

- Knowing tasks, queues, stack
usage, system load

- Solution

-NXP FreeRTOS Kernel
Awareness with GDB

- Steps
- Installation of Kernel Awareness
plugins
-Inspect RTOS state
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NXP FreeRTOS Eclipse Plugins

« NXP FreeRTOS Kernel
Awareness plugins for
Eclipse

- Views
- Tasks
- Stacks
- Queues
- Timers
-Heap

- ‘Stop-Mode’ Views
- Suspend debugger

42 PUBLIC USE

File Edit Source Refactor MNavigate Search Project Run [FleeRTOS Processor Expert  Window Help

it S @Biwm D m N @ i B Tasklist - T - AW R IR S SEACRCR AR
E Stack Usak =
%5 Debug &2 F Project Explorer} [eue List (FreeRTOS) &2 E ® ]
&1 0 & | N B |[Queue Lst e Name Address Len.. Ite.. #T.. #RxWaiting QueueType *
4 [t] dev_composite_hid_mouse_hid_keyboard_freertos_frdmk22f{ &= Timer List mrQ 0L FFFLEFE 010 00, 1 Queue
a EE dev_composite_hid_mouse_hid_keyboard_freertos_frdmiki = H U Head: OxlFFFL94 c E
a4 Thread #1 <main> (Suspended: Signal : SIGTRAP:Tra sap Lsage Taik: 0l fffl9ec
= APP_task() at composite.c:366 (x5e54 % NXP Community Read from: Ol Fff19dc i
.= (@ About FreeRTOS TAD ] | ¢+
s JLinkGDBServerCL
o2 arm-none-eabi-gdb — ||| # Address Queue Dat... Queue Dat.. Queue Data [BIN] Queue Dat...
w Semihosting and SWV %
4| (1 F
" Stack Usage (FreeRTOS) 2 H® = 8
TCB# Task Name Task State Stack Base Stack Top High Water I\ﬁark High Water Mark Graph
3 Tmr Svc [ Suspended 01 ffF19F8 Ol ffflcde 20B /59 B I 34%
2 IDLE 2 Ready 0:1ff1728 Ol fff1844 0B/284B 0.0%
1 app task B Running 01110338 Ox1fff1674 220B /481 kB I 4.5%
5 Task List (FreeRTOS) 12 BE®=0
TCE‘»#’ Task Name Task State Stack Usage Priority Event Object Runtime
1 app task = Running 220B /481 kB [4.5% 4 a
2 IDLE 5 Ready 0B /284 B (0.0%) 0 &
3 Trnr Swe | Suspended 20B /596 B (34%) 17 Trmr() (Rx) &
# Heap Usage (FreeRTOS) 2 H@= 8
Type : Heap Base Heap End Heap Usage Free Space Heap Usage Graph
4 Ol fff032c Ox1£f3320 6.5 kB /3199 kB 79.7% (25.49 kB) 20.3% Used
: Details Block Start Block End Size il
1 Allocated 0l fff032c O:1 F£F0337 Oxc (12 B)
2 app task (Task Stack) 0x1f£f0338 01 f£f1673 0:133¢ (4.81 kB) i
3 Allocated 0x1fff1674 O Fff16c7 0x54 (84 B) 4
4 app task (Task TCB) Ol fff16c8 O FFFLT1E 0:58 (88 B)
5 Allocated 011720 01 F££1727 08 (8 B)
6 IDLE (Task Stack) 011728 O:1fff1843 Ox11c (284 B)
7 Allocated Ol fff1844 0:1 f£f1897 0x54 (84 B)
g IDLE (Task TCB) 01 fff1898 Ol fff18ef (058 (88 B) i
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Kernel Awareness Installation

- Menu Help > Install New Software
- N1956/Tools/INXP FreeRTOS KA/*.zip Lab Computers

' ™
@ Install e

Available Software q
Check the items that you wish te install, \JD

Workwith:  Tools/NXP FreeRTOS KA/com.freescale freertos.gdb.tad_0.6.5.201602251506.zipl/ v

Find more software by working with the "Available Software Sites” preferences.

Pre-Installed on

type filter text

Name Version
4 (V] 000 FreeRTOS plug-ins
Lis FreeRTOS Task Aware Debugger for GDB 0.6.5.201602251506

< 1 | p

| SelectAll || Deselect Al 1 item selected

Details

»

Show only the latest versions of available software [7] Hide items that are already installed
[¥] Group items by category What is already installed?

Show only software applicable to target environment

[] Contact all update sites during install to find required software

@ < Back Next » Finish
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Open Views

- Press Debug = Debug Perspective

- Menu

- Menu Window > Show View > Other..

FreeRTOS

Run [FFEERTDS] Processor Expert  'Win

=

k2 2f
rdmk
P:Trac

] Task List
1 Stack Usage

Queue List
Timer List

Heap Usage

MAP Community
About FreeRTOS TAD

©F O O o

R

=TT

44 PUBLIC USE

- - *

Quick Access

[m] Help
Mew Window - g - * 40
Editor
Hide Toolbar
Open Perspective
Show View fg C/C++ Projects
Customize Perspective.., S| D
s rerioain Console Alt+5Shift+Q, C
Cmmlera ‘,_;? Include Browser
Close Perspective © Make Target
Close All Perspectives 2= || Magator
EE Qutline Alt+5Shift+Q, O
Llaviation &‘f Problem Details
Preferences [#]  Problems Alt+Shift+Q, X
[  Project Explorer
B Properties
4" Search Alt+Shift+Q, S
E] TaskList Alt+Shift+Q, K
= Tasks
Other... Alt+5Shift+Q, Q

=l

[l o ]l

<::|v -
B | Boc

r.
% Show View

type filter text

s = General

s 2= GG+

2 = Charts

s [z_-b- CVs

> [= Debug

4 [= FreeRTOS
#= Heap Usage (FreeRTOS)
# QJueue List (FreeRTOS)
#e Stack Usage (FreeRTOS)
# Task List (FreeRTOS)
# Timer List (FreeRTOS)

*

m

Cancel

h o
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Tips & Tricks: FreeRTOS View Arrangement

- Move FreeRTOS views to the side (Drag Tab to the side and drop)
- Own stack of views
- Does not interfere with console updates

k

= O # Task Li.. &% # Stack.. o Queue.. # Timer.. % HeapU.. — O

| BRE| EEE 2B~ B ®

FRDM-K22F_USE_Mouse_Kybd_SDK_v2.0_Debug_Segger [GDE SEGGER J-Link Debugging -F Task Name Tack Stack Usage Prio Event Obj Runt

&) Conscole &3 Tasks

Read 4 bytes @ address @x1FFF249C (Data = @x20000000) ~

Read 4 bytes @ address @x1FFF2498 (Data = @x20088002) IDLE () R.. 0B/724B(0.0%) 0 &
Read 4 bytes @ address @x1FFF2480 (Data = ©x00000000) Buttons = R.. 0B/7006B (0.0%) 1 A
Read 4 bytes [@ address @x1FFF246@ (Data = @x1FFF4BE@) ush device S.. A0B /467 kB (0.8%) 5 USENGotify... Ii-,,
Read 4 bytes @ address @x1FFF4BEC (Data = @x20000000) ol Tmr Sve ] BL. 168B/668B(251%) 5 TmrQ (Rx) &
Read 4 bytes [@ address @x1FFF4BF8 (Data = @x1FFF4BF4) L4

Read 4 bytes [ address @x1FFF4C88 (Data = @xBEEGME0E) USE task (0 Bl.. 168B/4.75kB (3.5%) 4 &
1 | 1] [ r

\r
4\
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Tasks

Tasks with TCB (Task Control Block) number
Task Name

Task State

Stack Usage

Priority

Event Object

Runtime

# Task List (FreeRTOS) 53 B @ = B8

TCBE Task Name Task State Stack Usage Pricrity Event Object Runtime
1 app task B+ Running 220B /481 kB (4.5%) 4 i)
2 IDLE () Ready 0B /284 B (0.0%) 0 Ll
3 Trnr Swve Suspended 208 /596 B (3.4% 17 Trnr) (R i i)

h o
P R
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Stack Usage

47

List of tasks

-TCB

- Task state

- Stack memory location
- High Water Marks

Can save data as .csv

i Stack Usage (FreeRTOS) &2

T'CE‘v;e;E Task Name

1 app task
2 IDLE
3 Trar Sve

PUBLIC USE

Task State

B+ Running
2 Ready
Suspended

Stack Base
Ox1 FF0338
O FFF1728
D1 FIF19f8

Stack Top
01 Fff1674
01 Fff1844
Dl ffflede

High Water Mark
220 B /481 kB
0B/ 284 B
20B/59 B

FIO:
High Water Mark Gr...

4.5%
0.0%
34%

h o
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Queue List

- configQUEUE REGISTRY_SIZE
- Queue Information

- Address, Length, Item Size

- Tx and Rx waiting

-Head/Tall

- Read (out) and Write (in)

% Queue List (FreeRTQS) 52 E® =8B
Queue Mame : Address Length Item Size  ZTxWai.. #RxWai.. QueueType
a Tmr(} Oxl FF18F8 0/10 00 (16 B) 1 Queue
Head: (hl FH194 ¢
Tail: (hcl fH19ec
Read from: (wl f19dc
Write to: Ohl FH194 ¢
® Address Queue Data [DEC] Queue Data [HEX]  Queue Data [BIN] Queue Data [ASCH]

48 PUBLIC USE
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Timers

49

View for FreeRTOS Software Timers
Timer ID

Timer name and period (ticks)

Auto reload: timer gets restarted
Address of timer callback function

# Timer List (FreeRTOS) &3

~

1D Timer Name Period [ticks]
0hd0) swtimer 50

PUBLIC USE

Auto reload?

Yes

Callback function
0:000074b1

E @ = O

h o
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Heap Usage

- Heap Type with address/size/usage information
- TCB (Task Control Block) and Task Stacks

50

PUBLIC USE

# Heap Usage (FreeRTOS) &3

Type
4

-~

o

(U s - ]

11
12
13
14
15
16

Heap Base
Dl fff032c

Details

IDLE (Task Stack)
Allocated

IDLE (Task TCE)
Allocated

TmrQ (Queue)
Allocated

Trmr Sve (Task Stack)
Allocated

Tmr Sve (Task TCE)
Allocated

Free

Heap End
(R ffE320

Heap Usage
6.5 kB /31.99 kB

Block Start

DL FFF17 28
D FHF15844
DL FFF1898
D FEF1EF0
DA FEF1EFE
Dl Fff194 ¢
D FEFLOFE
Dl ffflcdc
D 1 cdD
D FH1d28
(A £l d28

Free Space
79.7% (25.49 kB)

Block End

DA fff1843
DA fEF1897
D fif18ef
DA fEF1EF7
DA fff194 b
DA FEF19f7
D1 ffflcdb
DA fffl ccf
DA fff1d27
DA fff1d27
D1 fffE31F

B® =09

Heap Usage Graph

Size

hdlc (284 B)
54 (84 B)
(58 (B8 B)
0 (8 B)
(54 (84 B)
Oxac (172 B)
0254 (596 B)
(B4 (132 B)
(58 (88 B)
Empty

(B 5fE (25.49 kB)

~

m

1
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Lab: FreeRTOS Kernel Awareness

Knowing state of RTOS (Tasks, Timers, Queues, Stacks) with Eclipse
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Outline: Stack Size

« Problem

-Too much RAM/Heap used
-Check CPU load

« Solution

- Reduce amount of stack needed by stack
-Unblock CPU

- Steps

52

- Inspect stack usage
- Fix Stack Size
-Free up CPU time

PUBLIC USE
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Heap/Stacks in FreeRTOS Application

Pre-RTOS Stack

- MSP (Mains Stack Pointer)
- Startup code and scheduler start
- Interrupts

- PSP (Process Stack Pointer)

-configMINIMAL _STACK SIZE for IDLE
task

-Number of ‘addressable/aligned stack
units' (Kinetis: 4 bytes!)

MSP Stack

RTOS Heap

T1 Stack
T2 Stack

53 PUBLIC USE
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FreeRTOS Task Stack Usage

- High Water Mark for Stack
- Mark: set at context switch

- Everything looking good for you?

# Stack Usage (FreeRTOS) i3

TC Ié':# Task Mame Task State

0 IDLE B+ Running

0 Buttons UL Blocked

0 Tmr Svc U Blocked

0 USE task Ul Blocked
|

ush device [] Suspended

54 PUBLIC USE

Stack Base

01 Ff1d28
01 F0G43
01 Fffl edd
0 FFF0930
DA 2143

Stack Top

01 Ff1 04
0= £ 704
0= FFF1194
A fffl cc
O:1 Ff3404

High Water Mark

0B/220E
OB/188 B
32B/188 B
136 B/ 4.75 kB
0B /468 kB

E® = O

High Water Mar...

0.0%
0.0%
17.0%
28%
0.0%

h o
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Higher Stack Usage

- Press SW2 or SW3
- Stack usage increase and gets critical
- Increase Stack size in Application.c

s Stack Usage (FreeRTOS) &2 B @ = O
TCé# Task Mame Task State Stack Base Stack Top High Water Mark  High Water Mar...
0 IDLE B Running D1 fff1d28 D1 ffflelc OB/228B 0.0%
0  Buttons [0 Blocked (b FFFDG48 OacL FFFOT04 150 B /188 B - T9A%
0 Tmr Sve Ul Blocked 01 fffled8 0:1 Fff1 194 36B /188 B 19.1%
0 USE task L Blocked 0L FFF0930 D1 ffflc2c 136 B /4.75 kB 28%
0 ush device [] Suspended 01 fff2148 01 3404 0B /4.68 kB 0.0%

vQueuelAddToRegistry(semSW3, "SW3 Sem");
if (xTaskCreate(ButtonTask, "Buttons", configMINIMAL STACK SIZE+58, WULL, tskIDLE PRIORITY+1l, NULL) !'= pdPASS) {

for(;;){} /* error */

¥
¥

20 00 00 0d o0
LA B Ld Ra

h o
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Enabling Runtime Statistics

- Setto 1 in FreeRTOS_Config.h:
-configGENERATE RUN TIME STATS (line 125, uses SysTick)

-configUSE TRACE FACILITY (line 164, additional structure members for execution
visualization and tracing)

- Build

- Adds about 100 bytes 'text' and 8 bytes 'bss'
- Debug

- Inspect runtime

h o
P R
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Runtime Problem

Problem: Buttons task is using 100% of the CPU

# Task List (FreeRTOS) 53 H @ = 8
TCB® . Task Mame Task State Stack Usage Pricr... Event Object Runtime

0 IDLE (1) Ready 0B /724 B (0.0%) 0 0.0% (0 7 0:86)

0 Buttons [ Running 0B /684 B (0.0%) 1 100.0% (096 / 0:06)

0 Trnr Sve [ Blocked 32B /668 B (4.8%) 5 Tenr( (Rx) 0.0% (0 / 0:96)

0 LSE task [] Blocked 136 B /475 kB (28%) 4 0.0%6 (00 / 0:96)

0 ush device |:| Suspended 0B /468 kB (0.0%) 5 USBMotify (Rx) 0.0% (D0 / 0:96)
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Solution

. Add delay to ButtonTask() in L] Application.c 22 | [h] FreeRTOSConfig.h
. . 33— static void ButtonTask(void *pvParameters) {
Appllcatlonc 34 (void)pvParameters;
35
. vTaskDelay(pdMS TO TICKS(10)); B for(ss) {
_ 37 if (SW2IsPressed()) { /* SW2 pressed */
. Save’ Build and re-Run 38 vTaskDelay(pdMs TO TICKS(5@)); /* debounce */
39 while(SW2IsPressed()) {
@ /* wait until released */
41 1
42 (void)xSemaphoreGive(semSW2); /* send message */
43 L
44 if (SW3IsPressed()) { /* SW3 pressed */
45 vTaskDelay(pdMS_TO _TICKS(5@)); /* dehounce */
46 while(SW3IsPressed()) {
47 /* wait until released */
45 1
49 (void)xSemaphoreGive(semSW3)}; /* send message */
56 }
21 vTaskDelay(pdMS TO TICKS(1@));
52}
53 3

h o
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Improved Runtime

System is now mostly IDLE which is expected

s Task List (FreeRTOS) 52 | A\ Task Table (DSF) E @ = O
TCBE Task Mame Task 5tate Stack Usage Prior... Event Object Runtime
0 IDLE B= Running 0B /708 B (0.0%) 0 100.0% (0xed78 / 0ned78)
0 Buttons Ul Blocked 0B /676 B (0.0%) 1 0.0% (0D / 0xd78)
0 Tror Sve [l Blocked 32B /668 B (4.8%) 5 Trnr() (Rx) 0.0% (00 / 0xd78)
0 USE task [l Blocked 136 B/4.75 kB (28%) 4 0.0% (0D / 0xd78)
0 ush device [] Suspended 0B /468 kB (0.0%) 5 USEMotify (Rx) 0.0% (00 / Oxd78)
\r
4\
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Summary: FreeRTOS Kernel Awareness

- Eclipse Plug-in to show FreeRTOS information
- Tasks
- Queues
- Timers
- Stack used
- Startup, Tasks + Interrupts
- Default stack size
- IDLE Task
- Task Stacks

« Further Information:
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http://www.freertos.org/
http://mcuoneclipse.com/2013/08/04/diy-free-toolchain-for-kinetis-part-5-freertos-eclipse-kernel-awareness-with-gdb/
http://mcuoneclipse.com/2014/11/08/tutorial-freertos-with-the-kinetis-sdk-and-processor-expert/

Lab: Segger SystemView

Inspecting runtime behavior of RTOS and Application
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Segger Real Time Transfer

- Bi-directional data transfer through
debug connection (Segger Real Time
Transfer), multiple named up and down
named channels

- Requires Segger J-Link debug probe or
debug firmware (e.g. NXP OpenSDA)

- Small footprint: 500 Bytes Flash, 50
Bytes pro channel (plus buffer size, 64-
1024 bytes).

- Special viewers by Segger, or standard
Telnet

62 PUBLIC USE

B C\Toolmischansi
HHHRTT Client:

SHHIRTT Clien :

HHHRIT Clien

H#4RTT Client:
HH##RIT Client:

HH##RTIT Client:

WHIRTT Client:

t g t J Li k RTT Ser

J-Link U4.98 - R

SEGGER J-Li
Process: la

SEGGER Real-

il Testin

Black:
R d

? 11

Blue

Magen t
Cyan:
White:
i ANS T

1 nal output
nk ARM U? B SH 59233335
ridePm

Tinme-Ter al Sample
g ANSI Control Secquences i

$E[1;32;40m
$E[13533;48n

$E[1;36;40m
$E[37;48n $E[1;37;40n
Control Secquence tests done. iHiHHEHR

on\64\ansicon.exe - "C:\Program Files (86)\SEGGER\ILink V492\LinkRTTClient... | = | & |[w]

a localhost:19821 Connected.

h
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http://mcuoneclipse.com/2015/07/07/)

FreeRTOS Trace Hooks

- Trace Hooks in the Kernel (task creation, context switch, ...)

- Implemented with macros (instrumented), empty by default

- Can be "filled’” with recording kernel activities

- configUSE_TRACE_ HOOKS adds additional information to kernel objects
- Custom recording and tracing
- Percepio FreeRTOS+Trace
- Segger SystemViewer

1| #ifndef traceTASK SWITCHED OUT
2 /* Called before a task has been selected to run. pxCurrentTCB

holds a pointer

3 to the task control block of the task being switched out. */
4, #define traceTASK _SWITCHED OUT ()

5| #endif
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Segger SystemViewer

[BYseooer sysemviewer V2200 - INTRO HSIS Robo FreskTOS on k2252 (oo

64

PUBLIC USE

File View Go Target Tool Window  Help
= el =]
Events
4 Timestamp Context Event Detail * || Property Detail
48814 00:00:10.297.0258.133 Radio ® yfueueGenericRece.. xQueue=0x00000b0& pouffEI:ﬂxﬂﬂﬂﬂﬂe_| 4 Target System
43815 00:00:10.297.038.933 Radio ®  x{ueuneGenericRece.. xQueue=0x00000aba pvBuffer=0x000001 = Marne INTRO H515 Robo
48816 00:00:10.297.050.666 Radio =  wTaskDelay *¥TickaToDelay=2 L:El os FreeRTOS
48817 00:00:10.297.056.533 Radio Il Task Block Radio, Wait for timeout ##® Device K22F¥512
43818 00:00:10.297.068.400 App }  Task Run Runs for 14.8 us (111 cycles) @ Cycle Freque... 7 500000 Hz
48819 00:00:10.297.077.333 App =  wTaskDelay ®TickaToDelay=5 @ Cycle Pericd 133 ns
48820 00:00:10.297.083.200 App Il Task Block App, Wait for timeocut E Uptime 00:40:52174.974 800 ~
48821 00:00:10.297.094.666 Scheduler M Sy3tem Idle Idle for 1,920.6 us (14 404 cycles) KR LI | 3
Timeline Width: 10,000.0 us
:'ns 00:00:10.297.032.400 +1|n'|s +2|rns +3|rns +4|rns +5|rns +6|rns +}'|rns +8|rns +9I
Unified I |
« [ *»

200.0us

Mame Type Stack Information Run Count  Frequency .astRun Time Total Run Time  Run Time/s wMin wMax N
Drrive e 226 Bytes @ Ox1fffalal 1353 130 Hz 0.024 ms 439325 ms 13.480 ms 135% 13,480 ms 1.35% 63.485 ms 6.
Radic = @3 252 Bytes @ Ox1fffb588 3273 320 Hz 0.034 ms 1499708 ms 121,259 ms 12.13% 82,689 ms 8.27% 205.546 ms 20/
Line B @2 246 Bytes @ Ox1fffa5cB 1309 125 Hz 0.012 ms 235.002 ms 4655 ms 047% 1667 ms 017% 58.293 ms 5.
Shell E @ 277 Bytes @ Ox1ff92f8 652 62 Hz 0.035 ms 205.034 ms 34.576 ms 346% 2119 ms 0.21% 53.861 ms 5.
App = @o 246 Bytes @ Ox1fffEddB 1295 129 Hz 0.014 ms 251.951 ms 31631 ms 316% 2004 ms 0.20% 46780 ms 4. =

< T | 3

HNXPFTF



Segger SystemViewer

65

- Free-of-Charge, requires Segger debug interface

- Based on Segger RTT (Real Time Transfer)

- Realtime data recording and time measurement

- Uses Cortex M4 Cycle count register, SysTick on MO+

00:00:04.185.455.600
— I . —
[ I f

!

———

i _ H_HHHH

3
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http://mcuoneclipse.com/2015/11/16/segger-systemview

Segger SystemViewer - Timeline

- Up to 1 Mio events

- Scheduler and Idle handled separately
- CPU load with ’bins’: how many items to stack/show in a bar

# Timestamp Context Event Detail
19650 O00:00:04.1286.991.333 Idle Task Beady Badio, runs after 14.0 us (105 cycles)
19651 00:00:04.187.005.333 ] Radic Task Run Buns for 42.4 us (318 cycles)
18652 00:00:04.187.016.933 Radic s xfuensGeneric. X{ueue=0x00000b0& pvBuffer=0x00000e9f xTicksToWait=.
19653 00:00:04.187.028.933 Radio ¢  xlueueGeneric.. xQueue=0x00000aba pvBuffer=0x000001cl xTicksToWait=.
19654 00:00:04.187.036.400 Radic &«  vTaskDelay ¥xTicksToDelay=2
18655 00:00:04.187.047.733 Radic Wl Task Block Radic, Wait for timecut
19656 O00:00:04.187.0680.133 Sched_. M Sy3tem Idle Idle for 8559.8 us (7 1398 cycles)
19657 00:00:04.187.89981.333 Idle Task Ready Shell, runs after 95.6 us (717 cycles)
18658 00:00:04.187.99E8.533 Idle Task Eeady Drive, runs after 21.4 us (le0 cycles)
1959 00:00:04,.188.005.466 Idle Task Beady Line, runs after 56.8 us (426 cycles)
1960 O00:00:04.188.019.566 Drive Task Bun Buns for 30.6 us (230 cycles)
196l O00:00:04.1288.034.933 d Drive &  xiueuszeneric.. X{ueue=0x0000020&6 pwBuffer=0x00000942 xTicksToWait=. =
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Segger SystemViewer - Timeline

- Timeline: what is executed
- Scheduler and Idle handled separately
- CPU load with ’bins’: how many items to stack/show in a bar

Timeline Width: 2,000.0 us
I]:ﬂﬂ :Iﬂ4.lﬂ?.{]|13.lﬂllﬂ I I +5lIIiII us I
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Segger SystemViewer - Context

. List of tasks
- Priorities, stack information
- Runtime statistics, CPU load

Mame

Scheduler
Drive
Radio
Line

Shell

App

Refl

Idle

_|
B3
m

C BIGIEIBIEIE]

L= = I = ]
[ = R T Y]

Stack Information

226 Bytes @ Dx1fffalal
252 Bytes @ Dx1fffh588
246 Bytes @ Dxlfffadcs
274 Bytes @ Dx1fff92f8
240 Bytes @ Dl fff8dd8
230 Bytes @ Dx1fff9a08

Count Frequency

3420
562
1345
540
268
513
244
1828

831 Hz
140 Hz
328 Hz
134 Hz

64 Hz
122 Hz

55 Hz
447 Hz

tRun Time Total Run Time

0.011 ms
0025 ms
0.042 ms
0012 ms
0037 ms
0015 ms
0.598 ms
1.945 ms

285,398 ms
100.098 ms
679113 ms
105481 ms
54,540 ms
1587.500 ms
184,751 ms
2578060 ms

Run Time/s

126,670 ms 12.67%
36.338 ms 3.63%
96.286 ms 9.63%
20680 ms 2.07%
13941 ms 1.39%
56941 ms 6.60%
32893 ms 3.29%

631.947 ms 63.19%

L 1Ty

0,000 ms
5119 ms
96,286 ms
16,6685 ms
3635 ms
220812 ms
32,893 ms
0.000 ms

0.00%
0.51%
9.63%
167%
0.36%
2.26%
3.29%
0.00%

o Ilax

126,670 ms 12.67%
36,338 ms 3.63%
204636 ms 20.46%
34466 ms 3.45%
271940 ms 2.79%
66.941 ms 6.69%
61.344 ms B613%
656,183 ms 65.62%
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Lab: Percepio FreeRTOS+Trace

Inspecting runtime behavior of RTOS and Application with Percepio
FreeRTOS+Trace
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Outline: FreeRTOS+Trace

« Problem

- Need insight into what is going on
with application

-Heap allocation
- Solution
- Enable trace hooks in FreeRTOS
- Steps
- Enable trace hooks
- Dump trace data to host
-Inspect data
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Task A

Trace Info

Trace Viewer
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Goal: FreeRTOS+Trace

File Find View Bookmarks Help

) ﬁ FreeRTOS+Trace Professional Edition - C:\tmp\myTrace.dump =RECE X

- From Percepio (
- Free and Professional edition . :F :
. Hosts: Windows, Linux |
- Over 20 graphical views
- Tasks, System Calls and User Events
- CPU Load
- Timing Variations

- Communication Flow
- Kernel Object History

- User Events, Signal Plots

| »

Actor Information

- Tagk Slave

B Instance: 1/1

- Triggered by: Master

- Triggers: None

- Execution Time: 1.529 (ms.us)
- Response Time: 1.525 {ms us)
[H- Fragmentation: 1

--CPU Usage: 1.26 %

- Priorty: 1

(- Performs 2 event(s)

% | 3

Previous Instance

Next Instance ‘

View size [121.299  (ms.us)
[# Grid [10.000 (msus) W Auto

e TaskDelav(E Zoom In ‘ ‘

E

Visibility Filter

1 . Bl [¥] Actor Instances: 18 of 18 -
— y(1 Soen B[] Task: 18 of 18

----- Main: 12 instances E

Main

1
IE]

K
|22
o
=
2
’
=3
[
=]
[v]
o

— - B [¥] Kemel Objects Uses: 12 of 12
xQueueReceive(Shelllisg) timeout .. Mutex: 6 of &
i el yTaskDelay(5 --Queue:SofS i

L] ] [ ] L] . o L]
= = = = =
B B B B B
3 3 3 3 =3
a

B R

4]

h o
P R
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http://www.percepio.com/

How It Works...

- Trace Hooks in FreeRTOS
- Macros which call recorder functions
- Recorder: task create, context switch, mutex ready, ...
- Recorder uses RAM/RTT buffer (circular, linear), 4 bytes/event, ~1-2% CPU load
- Dump/Export data: SD card, UART, debugger, semihosting, J-Link, ...
- Direct streaming with SEGGER RTT

a N

Host
Dump

A AL ¥
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Enabling Percepio Trace

- Settings in source\FreeRTOS_Config.h
- Enable (around line #164)
-configUSE_TRACE_FACILITY 1
-configUSE_ TRACE_HOOKS 1
- configUSE_ SEGGER_SYSTEM_VIEWER_ HOOKS has to be disabled!

#define configUSE_TRACE_FACILITY 1
#define configUSE_TRACE_HOOKS 1
#define configUSE_SEGGER_SYSTEM VIEWER HOOKS (%)
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Percepio Debugger Selection

- Launch Percepio FreeRTOS+Trace
- Shortcut on Desktop EFEERTOSHTFCESS

- Menu J-Link > J-Link Settings...

| =l Tracealyzer for FreeRT

File Find View Bookmarks |J-Link | Help

Read Trace (Snapshot)

Save Trace...

Halt

Resume

Mermory Region...

I I J-Link Settings... I

h o
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Connect to Target System

- J-Link Settings
= Debugger (USB Port)
= 4000 kHz
= Default debugger interface

- Press Device Selection...

75  PUBLIC USE

Bl Settings - - | ==
J-Link Settings —J-Link Settings
StI'E!EIming TECE -SE-‘ﬁlngS -_—
Debugger: I.J-IJnk OpenSDA, USBO, 5/N: 621000000 TI

J-Link Speed (kHz)

Debugger Interface:

{ [4000
" JTAG
€ SwD

¥ Default (don't change)

Target Device:

{ Select Devl{:e!l

oK

Cancel

h o
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Device Selection

- Select device

- Freescale
-MK22FN512xxx12

« Press OK

76 PUBLIC USE

SEGGER J-Link V5.001 - Target device settings

S5

M anufacture |Freescale ﬂ |Little endian J |E-:|re #0 J

b arwfacturer | Device | Core | MNumCorez | Flazh zize | Rétd zize =
Freescale bk 2202 B6RsRT [allow zecurnity] Cortes-td 4 1 20 KB 32 KB
Freescale REZ2FMNT 28010 Cortes-td 4 1 128 KB 24 KRB
Freescale RAK.Z2F T 28010 [allaww zecurity] Cortes-td 4 1 128 KB 24 KB
Freezcale MK Z2FM 2560012 Cortex-t4 1 206 KB 43 KB
Freescale Cortes-M4 1 286 kB 43 1B
Freescale Caortex-t4 128 KB
Freescale hAF. g allaw gecunty Cortes-td 4 1
Freezcale MK ZZF T b Do 2 Cortex-t4 1 1mME 128 KB
Freescale bR Z2F M b Qi 2 (2l zecurnity] Cortes-td 4 1 1 MB 128 kB
Freescale RAEZ2FN T R Qa1 2 Cortes-td 4 1 1 MB 128 KB
Freezcale MK ZZFM M O&amT 2 [allow zecurity] Cortex-M4 1 1 MBE 128 KB
Freeszcale MK ZZFEE1 Zuml 2 Cortex-t4 1 E40 KB B4 KB
Freescale hk.Z2FE1 2w 2 [allow zecurity] Cortes-td 4 1 G40 KB G4 KB
Freescale ME22F01 sl 2 Cortes-rdd 1 B40 KRB B4 KB
Freezcale ME22F01 21 2 [allow secunity] Cortex-M4 1 E40 KB B4 KB
Freeszcale MK 24F M 25600012 Cortex-t4 1 206 KB 206 KB
Freescale bk.2AF M 25612 [allow zecurity] Cortes-td 4 1 206 KB 256 KB
Freescale bk 24F M D1 2 Cortes-rdd 1 1B 206 KB
Freezcale PAE24FM M Dot 1 2 [llowe zecurity] Cortex-M4 1 1 MBE 2BEKE -

Select a device for J-Link.

Selecting a device iz not required for most devices, but allaws more efficient operation of J-Link az well az flazh

download, maodification of flazh memany during a debug zezsion as well az unlimited breakpaintz in lazh memany [Flazh

Break pointz]. Cancel

In case of doubt, zelect the first entry in the lizk "Unspecified Device''.




Streaming Trace Settings

77

Select Streaming Trace Settings
-SEGGER RTT

- Up Buffer Index: 2

- Down Buffer Index: 2

Press OK

PUBLIC USE

— Target Connection Settings

Target Connection: IS EGGER RTT ;I

Target RTT Up Buffer [hdex: IE
Target RTT Down Buffgr Indesx: IE

ox ]

Cancel

h o
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Collecting Trace

78

Menu File > Connect to
Target System...

Press Start Recording
- Percentage shows CPU load

- Trace Session Information
= Number of events
= Number of events/second
= Recording time

Collect trace for a while
Press Stop Recording

PUBLIC USE

I =) Tracealyzer for FreeRTO!

N
[Eh Connected to MK22FN512w00c12 (J-Link OpenSDA 2 compiled Oct 13 2015 12:10:27 .. l — | =l |ﬁ‘

Find View Bookmarks J-Link Hel,

Open... Ctrl+t Lwaiting data...

Conrgct to Target System.., Ctrl+

R&Ica&ile Ctrl+

5ave Current View as Image... Trace Session

Fvrnnrt frtar Nata
0B 0 events Ready
0 KB/s 0 events/s

! Start F‘.%rding ‘ ‘
L LY 4

[E) Connected to MK22FN512x012 ()-Link OpenSDA 2 compiled Oct 13 2015 12:10:27 ... l = | =l |ﬁl

MWMJMMMM )
4%
0%

Raw Data Trace Session
15MB 133533 events Recording (0:00:29)

7275 KBls 4395 events/s
() |

h .
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Saving and Viewing Trace

- Press Save Trace
- Store it in the default location
- Press View Trace

B Connected to MK22FNS12012 (J-Link OpenSDA 2 compiled Oct 13 2015 12:10:27 .. (= | (5. [ S

i N
B Connected to MK22FNS120012 (J-Link OpenSDA 2 compiled Oct 13 2015 12:10:27 .. (= | (5[ S

Start Recording

g%
4%
0%
Raw Data Trace Session
62 MBE 448404 events Stopped (0:01:37)
0 KBE/s 0 events/s

127%

! Sa*.r% Trace ! View Trace

Raw Data

1.5 MB
0 KB/s

Start Recording

Trace Session

136851 events

0 events/s

16 %

Stopped (0:00:28)

| View Trace

L ¥
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Blinky, What Are You Doing?

80

Trace right after RTOS startup

Blinky blinks the and writes to
the UART

Blinky Task execution is
extended to 200 ms?

PUBLIC USE

[El] FreeRTOS+Trace - J-Link.dump

File Find View Bockmarks J-Link Help

Lol ]

App
Blinky =
Shell

Tmr Swve

Shell

UEH k:

Blinky

f

Shell

-

Actor Informaticn

- Task Blinky

- Instance: 1/32

- Triggered by: (startup)

- Triggers: None

(- Execution Time: 640 (us)

(- Response Time: 199.686 (ms.us)
[ Fragmentation: &

- CPU Usage: 0.0927 %

- Priority: 0

- Performs 30 eventis)

View Controls

‘ Mext Instance |

View size [299517  (ms.ps)

W Grid |100000 (us) v Auto
Zoom In ‘ Zoom Qut |
L} L}
e | i |
View Filter

- [v] Actor Instances: 523 of 523
El-[] Kemel Notices: 0 of 678
Bl-[] Kemel Objects Uses: 0 of 1959
El-[] Kemel Service Calls: 0 of 2521

202.419 [ms.ps)

Instance of Shell at 300.004 to 300.068 (ms.ps)

h o
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Blinky?

blocked

81 PUBLIC USE

Zoom into the very first milliseconds
Enable all Kernel items

Blinky sends for items to queue, Is
then blocked

Shell receives four items, IS then

@ FreeRTOS5+Trace - J-Link.dump

[o o =)

File Find View Bookmarks J-Link Help

2 ‘— ;_: 3 | | Actor Information
m 3 |~ == —| xQueueSend(ShellQueue) | -~ Task Blinky
- - Bl Instance: 1/32
I —| xQueveSend(ShellQueue) | .. Triggered by (startup}
,"‘~ - - Triggers: None
| -I xQueueSend(ShellQueue) | BT Execution Time: 640 {us)
I-J events nofshown (- Response Time: 199,686 (ms.us)
-I xQueueSend(ShellQueue) | - Fragmentation: &
_ _ = - CPU Usage: 0.0927 %
g = &= 3 xQueueSend(ShellQueue) blocks .. Priority:
LI, = — L B Performs 30 eventis)
E:' x—' xQueueSend(ShellQueue) return:
"r._] -
|:| | xQueueSend(ShellQueue) | .-
= i II'II',_ % I_w”_ View Controls
||'-_ b { xQueueSend(ShellQueus) | Mext Instance |
I\
1" -
| 1 xQueueSend(ShellQueue) | View size [2 340 (ms.ps)
7] =17 \
N FElslesenaEneIGUeIeIboas | | ¥ Gri [0 (us) v Auto
Zoom In Zoom Dut |
.l.. il | i " ‘
e WEFEIH
_ L A== = or Instances: 523 of 523
) & o i
g | B B mel Notices: 678 of 678
g == o ) mel Objects Uses: 1999 of 1999
= mel Service Calls: 2521 of 2521
< | v~
232 ms.ps) Data event in Blinky at 1.859: xCueueSend(ShellQueue)

h o
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Communication Flow

- Menu View > Communication Flow
- Double Click on Queue to show Queue detalls

82

PUBLIC USE

#NXPFTF

File  View  Filter Actors  Filter Objects  Zoom

File  Wiew  Filter Tasks

Filter Calls

ﬂ Timestamp: 1161

1.136 [ Shell
1.225 [] Shell
1.244 [] Shell
1.501 [] Shell
1.761 [[] Shell

O xQueueReceive
O xQueueReceive
O xQueueReceive
O xQueueReceive
@ xQueueReceive

Received post #1
Received post #2
Received post #3
Received post 74

Failed to receive

mestam] Actor | Event Siatus  Size Queue

1.000 [ istartup) O xQueueCreate 0 Empty

1.028 [ Blinky O xQueueSend Sent post #1 1@t

1.105 [ Blinky O xQueueSend Sent post #2 2@l @2

1123 [ Blinky O xQueueSend Sent post #3 i@l @2 m?
1.140 [ Blinky O xQueueSend Sent post #4 s @ @2 @ m4

3 @ bz a3 o4
2@z @ @4

1 @3 m4

0 @4

0 Empty

Actor: [ Blinky
Event: xQueueSend
Status:  Blocked for 662 (ps)
Parameter: N/A&

Goto Entry/Exit Event |

Show in Trace |

Goto Sending Event |

Goto Receiving Event |




Blinky Task

- Queue Length is problem
- ShellQueue.c: Increase SQUEUE_LENGTH to 32

83

PUBLIC USE

static void blinky task{wvoid *param) {
(void)param;
for(;;:) {
switch{whichLED} {
case RGES_LED GREEN:
SQUEUE_SendString("Blinking GREEN RGE LEQ%rn");

¥

GPIO DRV TogglePinOutput(kGplolEDI);
GPIO DRV SetPindutput(kGpiolED2);
GPIO_DRV SetPinlutput(kGpiolED3);
break;

case AGE_LED RED:

SQUEUE_SendString("Blinking GREEN RED LED%r'n")
GPIO DRV _SetPinQutput(kGpiolEDI);

GPIO DRV TogglePinOutput(kGplolEDR2);

GPIO DRV SetPindutput(kGpiolEDI);

break;

case RGE_LED BLUE:

}

vTaskDelay({pdM5_TO_TICKS(S@@)); /* wait for 588 ms */

SQUEUE_SendString("Blinking GREEN BLUE LED%r%n"|
GPIO DRV _SetPinQutput(kGpiolEDI);
GPIO DRV _SetPinQutput(kepiolEDZ);

GPIO DRV TogglePinOutput(kGplolEDR3);

#define SQUEUE_LENGTH 4 /* items in queue, that's my buffer size */

#tdefine SQUEUE_ITEM_SIZE 1 /% each item is a single character */

void SQUEUE_SendString(const unsigned char *str) {
while(*str!="%@") {
if (#QueueSendToBack(SQUEUE_Queue, str, portMAX _DELAY) !=pdPASS) {
for(55){} /* ups? ¥/

str++;

h
h

break;

b o/* for */

b

b
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Increased Queue Length

- Build, debug and trace
- Blinky task not blocked

«200mMms = 7ms ©

84

any more

PUBLIC USE

37104l

{dnpes)

(dnpeys)

{dnpes)

{dnpes)

df.l\;,1

didy

Axung

AUy

H=YS5

11=Ys

ARG AL |

SRS JLL |

SAL AL |

:\‘—| xQueueSend|(ShellQueus)

-| xQueueSend(ShellQueus)

: -| xQueueSend(ShellQueue)

: ‘-I xQueveSend(ShellQueus)

\
,\-I xQueveSend(ShellQueus)
1}

.}:I wQueueSend(ShellQueus)

W ST TEY TT ST TOrer T

',‘ -I xQueveSend(ShellQueue)

.II"‘-I xQueweSend(ShellQueus)

'.\-| xQueueSend(ShellQueus)

| { xQueueSend(ShellQueus)

'||I‘| xQueveSend(ShellQueue)

Il.?ﬂ xQueueSend(ShellQueue)

I,
\ "{ xQueveSend(ShellQueus)
1

'.I"‘i xQuevedend(ShellQueue)

IIII"\{

xQueueSend(ShellQuesus)

!
Il, { xQueueSend(ShellQueue)

IR
'.'{ xQueveSend(ShellQueus)

|} T T A YT

| 1 xQueueSend|(ShellQueus)

I'. *| xQueueSend(ShellQueus)

I'.
H xQueueSend(ShellQueue)

,I-,"'{ xQueuedend(ShellQueue)

|
||\| xQueuesend(ShellQueue)

||
Ilr"rzl xQueueSend(ShellQueue)
I\

'.I'\i xQueueSend(ShellQuesus)

| vTaskDelay(500)

12.000
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Blinky is Using a Lot of CPU...

Check what happens if you have the push buttons pressed

@] FreeRTO5+ Trace - J-Link.dump EI@
File Find View Bookmarks J-Link Help
| o 7]
|~ | Actor Information
o | e
E‘ [- Instance: 1/1
£ - Triggered by (startup)
- Triggers: Mone
- Execution Time: 103.833 (ms.ps)
@ 60.000 - Response Time; 104.962 {ms.us)
@ D |3 - Fragmentation: 106
--CPU Usage: 989 %
- Priorty: 0
[- Pedorms 4 event(s)
View Controls
n L = ‘ ‘
4| (B
= _|' View size |42 007 (ms.ps)
¥ Grid |10000 (ws) vV Auto
80.000 Zoom In Zoom Out ‘
If Il ‘ il | i " ‘
§ : |2 View Filter
: - || [w] Actor Instances: 9 of 9
[] Kemel Motices: 0 of 4
[[] Kemel Objects Uses: 0 of 18
E- [] Kemel Service Calls: 0 of 24
92 754 (ms.ps) Fragment of Blinky at 70.015t0 71.006 {ms.ps)

85 PUBLIC USE

h o
P R



Problem with App Task

- Restart application with SW2
- Pressed
- App Task is blocking for a long time
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CPU Load Graph

Menu View > CPU Load Graph

CPU Load Graph
100 % B (stzriup)
W Zep
I Blinky
0% [ Shell
B Tror Sve
80 %
70 %
60 %
B0 %
a0 %
F
30 %
20%
10 %
0%
] 100.000 ' 200000 300000 ' 400000 ' 500000 GO0O00D ' 700.000 800000
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No Busy Delay

- vTaskDelay(pdMS_TO_TICKS(50));
- Build and debug/collect trace again

Application.c 2

5= static void app_task(void *param) {
(void)param;
for(5i) 1
wTaskDelay(pdMs_TO_TICKS(S@@)); /* wait for 588 ms */
if (GPI0_DRV_ReadPinInput(kGpioShi2)==8) { /* pressed */
{/busydelay(1eeaa); /* debounce */
vTaskDelay (pdMS TO TICKS(58));
while (GPIO_DRV_ReadPinInput(kGpioShi2)==8) {
/* wait until released */

00 00 00 00 00 Q0 QO -

S Y R O TR S ]

SQUEUE_SendString("sSW2 has been pressed!\rin");
whichLED <<= 1;
if (whichLED>RGB_LED BLUE) {
whichLED = RGE_LED RED;
¥
b
if (GPIO_DRV_ReadPinInput{kGpiosk3)==8) { /* pressed */
//busydelay(1eees); /* debounce */
wTaskDelay(pdMs_TO TICKS(5@));
while (GPIO_DRV_ReadPinInput(kGpioSh3)==8) {
/* wait until released */

¥

WO W0 W0 00 ca
LRV S = I = =4

a3 SQUEUE_SendString("SW3 has been pressed!\rin"};
ag whichLED »>»>= 1;

a8 if (whichLED<RGB LED RED) {

a1 whichLED = RGE_LED BLUE;

@2 }

@3 3

B4 } /* for */

5

[x)

1A/
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Improved Application Timing

RTOS wait instead of busy wait
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@ FreeRTOS+Trace - J-Link.dump

=N (=)

File Find View Bookmarks J-Link Help
jus} o - -
:l s (2 |2 || | Acter Information
Shell = = | -
- N (N {No Actor Selected)
<
3
2 CPU Load Graph (=5 EE
Views  Resolution Zoom  Customize
CPU Load Graph = [ f o Selection)]
05% I Blinky
[ shell
& 9 j_ B Tror Sve
o 3
Z = o
g
04 %
Shell | —
— — 03%
a e
) : 02%
Zoom In |
01
Zoom Out |
Shell | —
jus} 0 —
@@ |3
= 1 ]
o= 3,800,000 4.000.000 4200.000 4.400.000 4.600.000

683963 to 702.962 Task Tmr Sve, Usage in slice: 2575 ps (0.23 %)

4.248.034 (s ms.ps)

Instance of Shell at 4.099.978 to 4.100.057 (s.ms.us)
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Summary: FreeRTOS+Trace

- FreeRTOS Hooks to intercept RTOS or application calls
- Dump/stream/store/send trace data to host
- Percepio FreeRTOS+Trace viewer to analyze data

« Further Information:
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http://mcuoneclipse.com/2015/01/05/updated-percepio-tracealyzer-and-trace-library-to-version-v2-7-0/
http://mcuoneclipse.com/2012/06/03/percepio-freertostrace-v2-2-2-released/

FreeRTOS Heap

Reduce the amount of heap and RAM used...
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Outline: FreeRTOS Heap

- Problem
- Reducing RAM footprint of application

. Solution
- Change allocation scheme
-Reduce FreeRTOS Heap Size

- Steps
- Inspect stack usage
- Reduce default stack size
- Reduce heap size
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FreeRTOS Heap Size

- FreeRTOS uses dynamic heap memory for

- Internal data structures (TCB, Task Control Block)
- Queue, Semaphore, Mutex
- Task Stack

- #define configTOTAL_HEAP_SIZE ((size 1)(32*1024))

A B

S

—configTOTAL_HEAP_SIZE—
L——ooeds aali

Source: freeRTOS.org
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FreeRTOS Heap Schemes

- FreeRTOS Heap !'= ANSI/Runtime Heap
- Different schemes (allocate only, free with no merge, ...)
- #define configFRTOS _MEMORY_SCHEME 4

-1 (only alloc) <<= Change to this

-2 (alloc/free)

-3 (malloc)

-4 (coalesc blocks)

-5 (multiple blocks)

138 /* Heap Memory */

139 #define configFRTOS_MEMORY_SCHEME 1 /* either 1 (only alloc), 2 |
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Heap Usage

- Menu View > Memory Heap Utilization
- Less than 3 Kbyte used now
- Line 140: #define configTOTAL HEAP_SIZE ((size t)(3*1024))

Memory Heap Utlizabon a ﬂ
2600 — B System Hea

2200
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Lab: Heap

- Determine amount of Heap used

- Reduce heap size

- Determine that application is using allocation only
- Change heap scheme

- Rebuild application
- Reduced RAM usage
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Summary: Heap

- Heap used for FreeRTOS data structures

- Stack size allocated at task creation in heap

- Reduce heap size to the amount needed

- Use schemel (allocate only) if no task/object deletion

- Further Information:
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http://www.freertos.org/

Session Closing

What we have achieved...
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Summary

- Application

- Have enough headroom for diagnostics/trace
- Architectural changes can have big impact
- Use proper buffering

« FreeRTOS and Kinetis SDK

- Configure what you need
- Tune heap and stack size (but be careful)

- Development Tools

99

- Use profiling/performance analysis

- Use FreeRTOS+Trace with run control
- Turn on optimizations in GNU Tools

- Free tools can do a lot for you!
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For Further Information

- Kinetis Design Studio IDE:

- Kinetis SDK:

- FreeRTQOS:

- Examples and Tutorials for Kinetis MCUs:

Contact us:

- Mark Ruthenbeck:
- Anthony Huereca:
- Erich Styger:
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http://www.nxp.com/kds
http://www.nxp.com/ksdk
http://www.freertos.org/
http://www.mcuoneclipse.com/
mailto:mark.ruthenbeck@nxp.com
mailto:anthony.huereca@nxp.com
mailto:erich.styger@nxp.com
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