FreeRTOS and emWin for i.MX RT platform
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Agenda

. Introduction to the development environment

. Introduction to (Free)RTOS
. Creating and synchronizing FreeRTOS tasks

. Tasks communication

. emWin library
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Exercises

Exercise O - building and running example project
Exercise 1 - creating tasks

Exercise 2 - handling interrupts

Exercise 3 - queues

Exercise 4 - building GUI with emWin

Exercise 5 - handling GUI events
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SDK

i.MX RT1050 Crossover Processor with Arm® Cortex®-M7 core B <

OVERVIEW DOCUMENTATION TOOLS & SOFTWARE BUY/PARAMETRICS PACKAGE/QUALITY TRAINING & SUPPORT

Recommended Tools and Software

i.MX RT1050 Evaluation Kit

The i.MX RT1050 EVK is an entry-level, low-cost development platform featuring the i.MX RT1050 crossover
processor based on Arm Cortex-M7.

MCUXpresso Software Development Kit (SDK :
Download Options
m===wse  Software development kit for designing with Kinetis, LPC, i.MX controllers based on Arm Cortex-M cores, with integrated stacks,

middleware, examples

Software Development Kits

MCUXpresso Integrated Development Environment (IDE)

= Easy-to-use software development tools for Kinetis, LPC, i.MX controllers based on Arm Cortex-M cores - GNU, Eclipse,
profiling, debugger, trace

Download Options

Proven Partner
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SDK

MCUXpresso Software Development Kit (SDK)

OVERVIEW

Jump To

Overview & Features
Supported Devices
Target Applications

System Requirements

DOCUMENTATION

DOWNLOADS

Overview

The MCUXpresso SDK is a comprehensive software
enablement package designed to simplify and accelerate
application development with NXP’s LPC and Kinetis®
microcontrollers and i.MX RT crossover processors
based on Arm® Cortex®-M cores. The MCUXpresso SDK
includes production-grade software with integrated
RTOS (optional), integrated stacks and middleware,
reference software, and more.

Underscoring highest quality, the MCUXpresso SDK is
MISRA compliant and checked with Coverity® static

More ~

DEVELOPMENT TOOLS

&3 - -

TRAINING & SUPPORT

Features

The MCUXpresso SDK consists of the following runtime
software components:

» Arm® CMSIS-CORE startup and device header files
and CMSIS-DSP standard libraries

» Open-source peripheral drivers that provide stateless,
high performance, easy-to-use APIs

= Drivers for communication peripherals also include
high-level transactional APlIs for high-performance
data transfers and RTOS wrappers that leverage

native RTOS services to better comply with the RTOS

M <0V abs | www.somlabs.com

Proven Partner




SDK

MCUXpresso SDK Builder

The MCUXpresso SDK brings open source drivers, middleware, and reference example
applications to speed your software development. Customize and download an SDK specific

to your processor or evaluation board selections.

B8 Select Development Board ’ Q Explore and filter devices # Access My SDK Dashboard

OVERVIEW SOFTWARE AND TOOLS

i

DEVELOPER RESOURCES
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Select Development Board

Search for your board or kit to get started.

Search by Name

Select a Device, Board, or Kit
¥ Boards
¥ Kits

¥ Proce

< MIMXRT1052xxxxB
MIMXRT 1052xxxxx

Name your SDK
SDK_2.5.0_MIMXRT1052xxxxB

Don't use:

et ey in the name of your SDK

SDK

Deprecated

Hardware Details

Included Part Numbers MIMXRT1052CVL5B, MIMXRT1052DVL6B, MIMXRT1052CVJ5B, MIMXRT1052DV.J6B

Board(s) EVKB-IMXRT1050
Device MIMXRT1052
Core Type / Max Freq Cortex-M7F / 600MHz
Device Memory Size 0 KB Flash

512 KB RAM
Actions

<3 Build MCUXpresso SDK [»

@ Explore selection with Clocks tool

Explore selection with Pins tool

M SoMLabs
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SDK Builder

Generate a downloadable SDK archive for use with desktop MCUXpresso Tools.

Developer Environment Settings
Selections here will impact files and examples projects included in the SDK and Generated Projects

Host OS Toolchain / IDE

v CUXpresso ID v

Select Optional Middleware
Add middleware, operating systems, and software libraries to your SDK.

>

© Add software component

Click the link below to request this specific MCUXpresso SDK Build

In general, SDK builds should complete within a few minutes.
You will be notified via email and notifications in the upper right corner of this webpage.

Archive Name
Request Build — SDK_2.5.0_MIMXRT1052xxxxB (3)

Don't use: [GEEaia kaea in the name of your SDK

SDK

Hardware Details

Included Part Numbers
Board(s)

Device

Core Type / Max Freq

Device Memory Size

SDK Details

SDK Version:
Host OS:

Toolchain:

Middleware:

Documentation

Base SDK:

MIMXRT1052CVL5B, MIMXRT1052DVL6B, MIMXRT1052CVJ5B, MIMXRT1052DVJ6B
EVKB-IMXRT1050

MIMXRT1052

Cortex-M7F / 600MHz

0 KB Flash
512 KB RAM

2.5.0 (released 2018-12-17)
Linux

MCUXpresso IDE
6 SDK v2.5.x requires MCUXpresso IDE v10.3.x or later

emWin, Amazon-FreeRTOS Kernel

& MCUXpresso SDK API Reference Manual

Proven Partner
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SDK

MCUXpresso SDK Dashboard

Access, Download, and Share your requested SDK Builds.

My Recent SDKs

Search all archives Q
SDK Archive Details Actions

SDK_2.5.0_MIMXRT1052xxxxB (3) ¢ €I @? ~ % ox

Build Date: 2019-02-13, Device: MIMXRT1052xxxxB
OS: Linux, Toolchain: MCUXpresso IDE
Components: Amazon-FreeRTOS Kernel, emWin

SDK Version: 2.5.0 (2018-12-17)

fe=

SDK_2.5.0_MIMXRT1052xxxxB # & » & x

Build Date: 2019-01-09, Device: MIMXRT1052xxxxB
OS: Windows, Toolchain: MCUXpresso IDE
Components: Amazon-FreeRTOS Kernel, emWin

SDK Version: 2.5.0 (2018-12-17)

EVKB-IMXRT1050 ¢ L @ P g x

Build Date: 2018-09-01, Board: EVKB-IMXRT1050
OS: Linux, Toolchain: MCUXpresso IDE
Components: CMSIS DSP Library, Amazon-FreeRTOS Kernel, emWin, IwIP, FatFS, USB stack

SDK Version: KSDK 2.4.2 (2018-08-02)

@ Update Available

Proven Partner
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SDK

SDK Downloads

MCUXpresso SDK

. Download SDK Archive (8 MB]1 32

& Download SDK Documentation

(4 Download Standalone Example Project

For MCUXpresso IDE, example projects can be imported as standalone
projects directly within the IDE by downloading the SDK Archive

Online Documentation
& \iew SDK API Reference Manual

M S0MLabs | www.somlabs.com




SDK

& etrat + SDK_2.5.0_MIMXRT 10525008 (3).2ip Q. (= ’ = iy

&« S5 M |location: @R/

Name 'size v | Type ' Modified
- tools 49 kB Folder 13 February 2019, 17:01
- components 376,9 kB Folder 13 February 2019, 17:01
- rtos 929,4 kB Folder 13 February 2019, 17:01
- docs 1,6 MB Folder 13 February 2019, 17:01
- CMSIS 1,9MB Folder 13 February 2019, 17:01
- middleware 7.1 MB Folder 13 February 2019, 17:01
- boards 12,3 MB Folder 13 February 2019, 17:01
- devices 18,9 MB Folder 13 February 2019, 17:01
SW-Content-Register.txt 5,5 kB plain text docu... 12 February 2019, 17:01
MIMXRT1052xxxxB_manifest_v3_3.xml 1471 kB XML document 12 February 2019, 17:01
MIMXRT1052xxxxB_manifest_v3_4.xml 195,2 kB XML document 12 February 2019, 17:01
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MCUXpresso

VisionSOM_RT - VisionSOM_RT_FreeRTOS emWIN_HandsOn/source/main.c - MCUXpresso IDE

File Edit Source Refactor Navigate Search Project ConfigTools Run Window Help
i rPEENERe B BDAUBROLIOVISIL IR IFE ORI OISR EE e

invE®e ®vQvaivvievie

'
Quick Access ||
'

B K % mom

5 Project Ex 231 %, Peripheral 1} Registers &Jjsymbolvi = O

B 84 @y ~
+ 3% Binaries
+ @) Includes
+ @ CMSIS

+ (@ amazon-freertos

+ 3 board

+ B device

+ 8 drivers

+ @ emWin

- @ source
+ [n FreeRTOSConfig.h
+ [n logo.h

+ [§ semihost_hardfault.c
+ @3 startup
+ 68 xip
+| = Debug

(‘)Quicks(}WGlobal (= Variabl 9 Breakp 5= Outine = B

MCUXpresso IDE - Quickstart Panel

Project: VisionSOM_RT_FreeRTOS_emWIN_HandsOn [Debug]
~ Create orimport a project

. New project...
. Import SDK example(s)...
& Import project(s) from file system...

~ Build your project

A Build
& Clean

Debug your project

BvEvHAv

(¢ mainc & = 0
44 #include "FreeRT0S.h"
45 #include "task.h"
46
47 TaskHandle t tasklHandle;
48
49- void taskl(void* param) {
50
51 char* text = "HELLO TASK 1\n";
52
53 while(1) {
54 LPUART WriteBlocking(LPUART1, (uint8 t*)text, strlen(text));
55 3}
56 }
57
58= int main(void) {
59
60 BOARD_InitBootPins();
61 BOARD_InitBootClocks();
62 BOARD_InitBootPeripherals();
63
64 printf("Hello World\n");
65
66 xTaskCreate(taskl, "TASK1", 128, NULL, 1, &tasklHandle);
67
68 vTaskStartScheduler();
69
70 return 0 ;
71, |3
72
(@) Installed SDKs ZZ]E:] Properties & Console [2 Problems [ Memory B Debugger Console » Instruction Trace D Power Measurement Tool [ SWO Trace Config 4 Search s Faults (@ Terminal = al

Toinstall an SDK, simply drag and drop an SDK (zip file/folder) into the 'Installed SDKs' view. [Common 'mcuxpresso' folder]

Name SDK Version Manifest Version Location SDK Details

« 2% SDK 2.x MIMXRT1052xxxxB

% <Common>/SDK_2.5.0_MIMXRT 1052xxxxB
Selected SDK content.

Boards
+ 8 Devices
+ Compilers
+ & Toolchains

+ (3 Toolchain Settings

@& B2 BB

[€) NVisionSOM_RT_FreeRTOS_emWIN_HandsOn/source/main.c

U]

NXP MIMXRT 1052x00B* (Visi...dsOn)

SoMLabs

| www.somlabs.com

Proven Partner




MCUXpresso

New Project SR ) SDK Wizard -0

Select a wizard FQ @ Creating project for device: MIMXRT1052xxxxB with no board. ﬁ

Create a new MCUXpresso IDE C/C++ project. Boara ana/or vevice seiection page
—— xJ
: ~ SDK MCUs Available boards o V‘
. &
Wizards: MCUs from installed SDKs et
£ Pl I ilabl e ject.
type filter text Q NXP MIMXRT105: B ease select an available board for your project.
=/ MIMXRT1050 Supported boards for device: MIMXRT1052xxxxB
“ & Genersl
-l & C/IC++
C Project
C/C++ Project
o .
C++ Project ~ Prei
)| Prelnstallet{ MCUs . R
s % g i MCUs from preinstalled LPC and generic —
Makefile Project with Existing Code Cortex-M part support
New C/C++ Pi Target l
+ LPC1102
* B cvs + LPC112x
+ (= Java + LPCT1AXX
+ LPC11E6x
+ MCUXpresso IDE
B p + LPC11Exx
+| [ MCUXpresso IDE Addons + LPCT1U6xX
+ & Examples Selected Device: MIMXRT1052xxxxB with no board. SDKs for selected MCU
Target Core: cortex-m7 Name SDK Version ~Manifest Ver Location
Description: MIMXRT1052: i.MX® MIMXRT1052 600MHz, 512KB SRAM Microcontrollers *¥ SDK 2.x MIMXRT1052xxxxE 2.5.0 £: <Common>/SDK_2.5.0_ MIMXRT105:
(MCUs) based on ARM® Cortex®-M7 Core
@ < Back Next > Cancel Finish @ e e — =
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. Configure the project

Project name: MIMXRT1052xxxxB_Project

Use default location

MCUXpresso

SDK Wizard

/£ Project name suffix:

Location: | /home/krzysiek/workspace/VisionSOM_RT/MIMXRT 1052xxxxB_Project

Device Packages

© MIMXRT1052CVLSB

Board

I No board selected

Project Type

© CProject

Project Options

C++ Project SDK Debug Console @ Semihost L

MIMXRT1052CVJ5B C Static Library C++ Static Library CMSIS-Core
Copy sources
Import other files
os driver . CMSIS_driver utilities middleware
& i M % i M % i M %
type to filter type to filter type to filter type to filter type to filter
Name Version Name Version | Name Version Name Version Name
I Amazon-FreeRTOS 10.0.1 | i adc_12bimsps_sz 2.0.1 n:= ;pac_cmsis : : ssert + £ Image
g baremetal 1.0.0 | &g adc_etc 2.0.1 i Ipspi_cmsis 2.0.0 g debug_console 1.0.0
I aipstz 2.00 I Ipuart_cmsis 201 ~ dg Ipuart_adapter 1.0.0
I aoi 2.00 I misc_utilities 1.0.0
| i bee 2,00 I notifier 1.0.0
I cache 201 I serial_manager 1.0.0
i clock 210 i serial_manager_ua 1.0.0
i cmp 2.0.0 I shell 1.0.0
@ <Back Next > Cancel
[ ]

M ¥

Finish

SoMLabs | www.somlabs.com

Proven Partner




. Advanced project settings

~ C/C++ Library Settings

Set library type (and hosting variant) | gajib (semihost-nf)

Redlib: Use floating point version of printf

Redlib: Use character rather than string based printf

Redirect SDK "PRINTF" to C library "printf"
Include semihost HardFault handler

~ Hardware settings
Set Floating Point type | ppys.sp-p16 (HardABI)
~ MCU C Compiler
Language standard VCompiIer default
~ MCU Linker
Link application to RAM

~ Memory Configuration

Memory details

Default LinkServer Flash Driver

Type Name
RAM SRAM_DTC
RAM SRAM_ITC
RAM

| SRAM_OC

| RAM3

MCUXpresso

SDK Wizard
v
Alias Location
RAM 0x20000000
RAM2 0x0

i 0x20200000

NewlibNano: Use floating point version of printf
NewlibNano: Use floating point version of scanf
Redirect printf/scanf to ITM

Redirect printf/scanf to UART

Size Driver
0x20000

0x20000

| 0x40000

<Back Next > Cancel

[0

SoMLabs |

Browse...

Gl

Finish
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Exercise O

mport SDK
mport a template project
ouild project

A |
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MCUXpresso

VisionSOM_RT_temp - VisionSOM_RT_FreeRTOS emWIN_HandsOn/source/main.c - MCUXpresso IDE - -~ 0
File Edit Source Refactor Navigate Search Project ConfigTools Clocks Run Window Help

;o= v @ @ = A M ypgate Project v | Functional Group BOARD_BootClockRUN v im o/ Byl 4 Ay A A Ty B e Ay Ay Quick Access
B8 Clocks Table |2} Clocks Diagram $3 in vil = O “* overvie [g) Code Pr 7] Register 52 'i= Details £} Clock C =
:__—______—_—__—_—_—____C:y;ta—l_ﬂsci tors { ! . *all* ¥, Show modified registers only 2y 4
Rrc_xTAL B 32.768 kHz RIC_OSC_CLK | !
= RTC OSC CKIL_SYNC_CLK  32.768 kHz
RTC_XTALO + [cosch [ CKIL_SYNC_CLK_ROOT?_b type filter text <«
1 MHz cu M Lo g
g:l) : i IE =1 | ICL:Q:M Reg.Name Set Value Reset Value Value Descriptii
1 1
: 23 osccik [\ REREHLCLk2 SEL PERIPH_CLK_SEL 0SC_Cle—o~L> cukzan + CCM_ANALOG_MISC1} 0x00000000 0x00000000
AHB_PODF il =
ceM_CLK1_PH! g Inactive | lpLL2 Breass_C 600 MHz | 600 Mz L e o s g +] CCM_ANALOG_MISC2i 0x00272727 | 0x00272727
CCM_CLK1_Ng) ! 1 PU3SWC PERIPH_CLK2_POD) PERIPH CLK ——— AHB_CLK_ROOT MHz
0sC_cLK Lo % B0 s ¥ CCM_ANALOG_PFD 48] 0x1311100c | 0x1311100c
|
1 |
TR i [ 150 Mz ! + CCM_ANALOG PFD_52 0x101d101b | 0x1018101b
= e ARM PLL i BRI PERIBHICLISE ' ADC, XBAR clocks 150 MHz
24 MHz [ 120 PLL1_BYPASS | | ARM_PODI = s IPG_CLK_ROOT ! + CCM_ANALOG_PLL_AR: 0x00002064 0x00013063
) PLLY 1.2 GHz PERCLK_CLK_SEL ’
nl_|, T+ 50 § : S "ERCLK_;';’?:H ! + CCM_ANALOG_PLL AU; 0x0001302f 0x00011006
[ g = = > PIT, GPT clocks 75 MHz
. osc_cl LR CUCROOT] + CCM_ANALOG_PLL AU 0x00000032 | 0x2964619c
1
i 4 ! + CCM_ANALOG_PLL AU; 0x00000001 | 0x05f5e100
PLL2 PFD3 PLL2_PFD3_BYPASS Il H
e 298 Weis P2 PO ) USDHCICLKSEL  yspHCI PODF ! + CCM_ANALOG_PLLEN: 0x00212001 | 0x00011001
1

32772 Mz I D> USDHC1 clock  163.86... MHz + CCM_ANALOG_PLL SY: 0x00002001 | 0x00013001

/16*18 USDHC1_CLK_ROOT |

%

+ CCM_ANALOG_PLL_SY: 0x00000001 0x00000012
USDHC2 CLK SEL  yspHC2_PODF

PLL2_PFD2_BYPASS
327.72... MHz PLL2_PFD2_CI

PLL2_PFD2

+/ CCM_ANALOG_PLL SYi 0x00000000 0x00000000

327.72... MHz [——=— 163.86... MHz
72 > USDHC2 clock  163.86... MHz

— USDHC2_CLK_ROOT

'

+ CCM_ANALOG_PLL US; 0x00003000 0x00012000

SEMC_ALT_CLK_SEL

AR . |

PLL2_PFD1_BYPASS

+ CCM_ANALOG_PLL_US; 0x00012000 0x00012000

i
I
|
i
!
i
|
|
i
|
|
|
i
|
|
i
|
|
!
I
i
|
|
|
i
!
i
i
I
i
|
i
|
I
|
! 716+ 18
|
|
i
i
|
|
|
|
I
!
|
i
|
I
|
i
!
|
i
|
I
|
i
|
|
|
|
i
|
I
I
i
i
|

'
'
pu.z,pm;m ey 504 MHz PLL2_PFD1_CLK! PLL2_PFD2_C 327.72... MHz i
[ SEMC_CLK_SEL A— : + CCM_ANALOG_PLL VIL; 0x0008201c 0x0001100c
| 1 ! 1
|
i : 327.72... MII:IIZ 163.86... MHz $_> SEMC clock 163.86... MHz + CCM_ANALOG_PLL_VIL; 0x00000001 0x10a24447
PLL2_PFDO LIEODDONS : i SRS 1 + CCM_ANALOG_PLL VIC: 0x00000000 0x05f5e100
= A 352 MHz PLL2_PFDO_CLK, | : ./ _PLL 5
Ml ! + CCM_CACRR 0x00000001 | 0x00000001
727718 - N FLEXSPISEL ]
PLL2_BYPASS_CLK_SRC (. FLEXSPI_PODF : + CCM_CBCDR 0x00098340 0x000a8300
"o PLL2_PFD2_CLK— | \| 163.86... Mpa—— 81.93... MHz
System:piL i 2 D> FlexSPiclock  81.93.. MHz
24 MHz [ ] 528 Mz PLL2_BYPASS - PLL3_SW_CLK— — FLEXSPI_CLK_ROOT | Sk
) pLL2 528 MHz 4 ' ( —
22 + (01) PLL2_MAIN_CLK ™7 V CSI_CLK_SEL ' a = - -
PLL2_BYPASS_CLK N [ Problems 23 |t
! - Ll 1 i i
p PLL2_PFD2_CLK——————» Cs1_PODF ! —
o 24 MHz —— 12 MHz
| /2 CSl clock 12 MHz fune Filtar taxk P
P PLLI3LSWC — CSI_CLK_ROOT :.'_b ype JIREr text -
" 05C_CLk—————————— '
i | y/ ! Level Issue Origin
' |
P |
|
PLL3_PFD3_BYPASS o !
PLLS PEOS 454.73... MHz PLL3_PFD3_CLK! | i
454.73... Mz >0 :
T
o i
718+ 18 Lo !
PLL3_PFD2_BYPASS (S \
PII3 PFN? ] (INPHA-PRDE [ A _1PSPI CIK SFI '
E () NXP MIMXRT1052xxxxB* (Visi...dsOn) VisionSOM_RT_FreeRTOS_emWIN_HandsOn ' Proven Partner
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MCUXpresso

VisionSOM_RT_temp - VisionSOM_RT_FreeRTOS_emWIN_HandsOn/source/main.c - MCUXpresso IDE - - 0
File Edit Source Refactor Navigate Search Project ConfigTools Pins Run Window Help
=y ommom = : A i [¥] Update Project v : Functional Group BOARD_InitPins v m & : a8 b : Q v : @ 4 v : 4! @® v N = : e v : S B MO v b Quick Access E‘ B A m ‘iJ
B pins 22 5@ Peripheral Signals = 8 #8 Package [Pins Bottom] 5% QaQaoN ‘i‘ B & ® = o A overview [g) Code Preview | (€] Registers 23} = B8
‘EHEHE‘ w ow ‘;H;‘[;' & 0} | Q typefile a *all* v Show modified registers only
—— — S p—— o1 o1 om w9 & s s s a4 3 oz 1
Pin name Label Identifier GPIO LPUART PWM FLEXIC I Lo type filter text a
Reg. Name Set Value Reset Value Value Descriptit l
GPIO4_I015; XBAR1_XBAR_IN2(; XBART_XBAR_IN2(; XBAR1, A= n & Bl CCM_CCGR2 Oxfeafffff Oxfe3fffef
GPIO4_1021 FLEXPWM3_PWM/ P— | +| CCM_CCGR4 Oxfffeffef Oxfffffff
GPIO4_I02€! LPUART5_CTS_B | FLEXPWM1_PWME: FLEXIO 5 i) + CCM_CCGR5 Oxffffffef [\Piiiiiiid
GPIO4_102¢; LPUART6_RTS_B | FLEXPWM3_PWM¢ FLEXIO (I ] + DMAMUX_CHCFGO 0x00000000 0x00000000
GPIO4_1022 FLEXPWM3_PWME; e = ™ ™ + DMAMUX_CHCFG1 0x00000000 0x00000000
GPIO4_I01C FLEXPWM2_PWM/;: FLEXIO ¥ s = E E E B + DMAMUX_CHCFG2 0x00000000 0x00000000
GPIO4_101Z; XBAR1_XBAR_IN2:: XBAR1_XBAR_IN2: XBART A = E E EH + DMAMUX_CHCFG3 0x00000000 0x00000000
GPIO_SD_B0_02 GPIO3_1014; LPUART8_CTS_B[.; FLEXPWM1_PWM¢/; XBAR1, al - - + DMAMUX_CHCFG4 0x00000000 0x00000000
GPIO_SD_B0_03 GPIO3_I015; LPUART8_RTS_B[..; FLEXPWM1_PWME; XBAR1, . — S On +| DMAMUX_CHCFG5 0x00000000 0x00000000
DCDC_INO . +/ DMAMUX_CHCFG6 0x00000000 0x00000000
DCDC_LPO - a oo ok +] DMAMUX_CHCFG7 0x00000000 0x00000000
DCDC_GNDO T az mAanRN + DMAMUX_CHCFG8 0x00000000 0x00000000
Vss1 i - W W e + DMAMUX_CHCFG9 0x00000000 0x00000000
. GPIO4_1027; LPUART5_RTS_B | FLEXPWM1_PWM¢: FLEXIO o - i e e + DMAMUX_CHCFG10 ; 0x00000000 0x00000000
GPIO4_I01€; LPUART4_RTS B | FLEXPWM4_PWME; = n HEEEB + DMAMUX_CHCFG11 0x00000000 0x00000000
GPI04_100¢ FLEXPWM2_PWME; FLEXIO + DMAMUX_CHCFG12 ; 0x00000000 0x00000000
| I I | | I + DMAMUX_CHCFG13 : 0x00000000 0x00000000
= g + DMAMUX_CHCFG14 | 0x00000000 0x00000000
+] DMAMUX_CHCFG15 { 0x00000000 0x00000000
a
Routed Pins for BOARD_InitPins 7 QO D ~ v & Problems 52
# Peripheral  Signal Route to Label Identifier Powergrou Direction  GPIOinitia GPIO interi SoftwareIr Hysteresis: Pull Up/Do Pull/Keepe Pull/Keepe Opendrain Speed
- LPUART1 X GPIO_AD_B0_12 Output n/a n/a Disabled Disable Keeper Enabled
L LPUARTT | RX GPIO_AD_BO0_ Input n/a n/a Disabled | Disable Keeper Enabled o Lsue jiongin
F13 GPIO1 gpio_io, 08 | GPIO_AD_BO_0! gpioLed Output Logical0 | n/a Disabled | Disable pull Enabled % Warning | Peripheral LCDIFis not initialized | Pins:BOARD InitPins
G GPIO1 gpio_io, 03 | GPIO_AD_B0_0Z: gpioButton Input n/a Falling Edge : Disabled Disable Pull Enabled
D1 FLEXIO2 10,28 GPIO_B1_12 Not Specified: n/a : n/a Disabled Disable Keeper Enabled

G  NXP MIMXRT1052xx0B* (Visi...dsOn)

VisionSOM_RT_FreeRTOS_emWIN_HandsOn
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MCUXpresso

VisionSOM _RT_temp - VisionSOM_RT_FreeRTOS emWIN_HandsOn/source/main.c - MCUXpresso IDE - -~ 0
File Edit Source Refactor Navigate Search Project ConfigTools Peripherals Run Window Help

v E @ & @ [Bupdateproect v | Functional Group BOARD Initeerip vimea e F vl 4l @viDie vy B wm Ay oy Quick Access ;‘g x-mﬁ‘T'
\ ‘ | H \ i i H H \ ¥ (25
+J Peripherals 53 i Components = B || start [T Flexto 12C 1 {ﬁ LPUART_1 231 = B | 4 overview [B Code Preview &3 ‘ = fa]
Y | teefitertext Low Power Universal Asynchronous Receiver/Transmitter (LPUART) @ peripherals.c; peripheralsh| QQw
- baudRate Bps: '100000'
Peripheral Used in Name LPUART 1 * BE CAREFUL MODIFYING THIS COMMENT - IT IS YAML SETTINGS
RFF /* clang-format on */
8 F F 1 [disabl Mode Transfer v /* FlexI0 peripheral configuration */ ’
LoDt SLODIF [dksabled) FLEXIO I2C Type FlexIO I2C 1 peripheralConfig = {
LPI2C1 Peripheral LPUART1 " -flexioBase = FLEXIO I2C 1 PERIPHERAL,
.SDAPinIndex = 29,
Lr2c2 .SCLPinIndex = 28,
LPI2C3 .shifterIndex = {0, 1},
.timerIndex = {6, 1}
LPI2C4 LPUART general configuration R Custom.. N :
LPSPT1 = /* 12C master configuration */
LPUART Configuration flexio_i2c_master_config t FlexI0 I2C_1 config = {
LPSPI2 .enableMaster = true,
Clock source UART_CLK_ROOT - BOARD_BootClockRUN: 80 MHz AV .enableInDoze = false,
LESER .enableInDebug = true,
LPSPI4 Clock source frequency 80 MHz (BOARD_BootClockRUN) v .enableFastAccess = false,
.baudRate Bps = 100000
PR | 115200 b
LPUART2 < o 5
Parity mode Parity disabled v void FlexI0 I2C 1 init(void) {
LPUART3 /* Master initialization */
Data size Eight data bit v FLEXIO I2C MasterInit(&FlexIO I2C 1 peripheralConfig, &F
LPUART4 ) - -
LPUARTS Enable MSB data bits order
/ii#i##ii#iiﬂiiﬂ#i#iiﬂ#iﬂi#i#i#i#i#i#i#i#i#i#i#i#i#i#i#i#t
LPUART6 Number of stop bits One stop bit WV * Initialization functions
AR R R
TX FIFO watermark 0 void BOARD InitPeripherals(void)
LPUART8
oI RX FIFO watermark 1 /* Initialize components */
LPUART 1 init();
RTWDOG RXRTS enable GPIO 1 init();
SATY X CTs enable : FlexI0 I2C 1 init();
SAI2 TX CTS source LPUART CTS pin v . ———
s & Problems 52 [Bl¥| = o
TX CTS configuration Sampled at the start v I
SNVS .
, > = type filter text a
SPDIF RX IDLE type Start counting after a valid start bit L7
Level Issue Origin
TEMPMON RX IDLE configuration 1idle character v S— : e - s
- & Warning | When GPIO1 interrupt 0-15 is disa; Peripherals:BOARD_InitPeriph
i EnableTX & Warning | When GPIO1 interrupt 16-31 is di eripherals:BOARD_InitPeriph
s Enable RX S Warning i Peripheral LCDIF is not initialized ins:BOARD_InitPins
TMR4
G  NXP MIMXRT1052xxxB* (Visi...dsOn) WARNINGS: VisionSOM_RT_FreeRTOS_emWIN_HandsOn: - See setting: (GPIO_1 / Interrupts / Enable combined interrupt 0-15 request) - See setting: (GPIO_1 / Interrupts / Enable combined interrupt 16-31 request) E

Proven Partner
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SEGGER J-Link

. Modification of the JLinkDevices.xml script for QSPI
programming

/opt/SEGGER/JLink

C:\Program Files (x86)\SEGGER\JLink V640
. Section

<l-- ——>

<l—-— NXP (iMXRT105x) -->

<l—- ——>

. Loader value
Devices/NXP/iMXRT105x/NXP iMXRT105x HyperFlash.elf

should be:

Devices/NXP/iMXRT105x/NXP iMXRT105x QSPI.elf

| | abs | www.somlabs.com
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SEGGER J-Link

VisionSOM_RT_temp - VisionSOM_RT_FreeRTOS_emWIN_HandsOn/source/main.c - MCUXpresso IDE - 9
File Edit Source Refactor Navigate Search Project ConfigTools Run Window Help

BvE® BSvYAVvERI IS I OvIiBIR pPuENITAIe T DEBALDL . EVISILSIN FEVvOVYAYIiOYI BRERN S EYH YOV
' -
Quick Access :‘ (121 Ix' m & ¢
i e
[ Project Explorer 23} 2, Peripherals+ i} Registers % Faults &) Symbol Viewer = (] €] main.c 83] = B8
— bl * REULSLILIDULLON dilu uSe 11 S0urce dnu olndry 1orms, wiln Or wilnout moaliicdilion,
|%‘ # % B v - 6 * are permitted provided that the following conditions are met:
™ 7 *
Cl isionSOM_RT_FreeRTOS_emWIN_HandsOn <Debug> 8 * o Redistributions of source code must retain the above copyright notice, this list
3 2 9 * of conditions and the following disclaimer.
+ @ Project Settings 10 *
+ 4% Binaries 11 * o Redistributions in binary form must reproduce the above copyright notice, this
12| ® list of conditions and the following disclaimer in the documentation and/or
+ @) Includes 13 * other materials provided with the distribution.
+ 8 CMsIS 14 BN ) ) )
15 * o Neither the name of NXP Semiconductor, Inc. nor the names of its
+ (8 amazon-freertos 16 * contributors may be used to endorse or promote products derived from this
4 8 board 17 * software without specific prior written permission.
18 *
+ 3 device 19 * THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND
y 20 * ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
+ @ drivers 21  * WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE
+ 8 emWin 22 * DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT HOLDER OR CONTRIBUTORS BE LIABLE FOR
23 * ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
=I @ source 24 * (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;
+ [ FreeRTOSConfigh 25 * LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON
26 * ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
+ [R logo.h 27 * (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
y 28 * SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
+ [g main.c 29 %/
+ [g semihost_hardfault.c 30
319 /*¢
+ @8 startup 32 * @file  VisionSOM RT FreeRTOS emWIN HandsOn.c
33 * @brief Application entry point.
> . . . y 34 ¥/
= k Og N 4
) Quickstart Panel ®= Global () % 5= outline = [m 35 #include <stdio.h>
~ Lreate or Import a project 36 #include "board.h"
37 #include "peripherals.h”
B New project... 38 #include "pin mux.h"
= Import SDK example(s)... 39 #include "clock config.h"
& Import project(s) from file system... :(i) #include "MIMXRT1052.h"
~ Build your project 42 #include "fsl lpuart.h"
A Build
o Clean (@) Installed SDKs [ Properties | & Console 52 |[2] Problems [ Memory G Debugger Console € Instruction Trace @D Power Measurement Tool [] SWO Trace Config Ek [m]
" Debug your project ®-@3-vHE - =" 2 0% ™ a8y Oy
« Debug using SEGGER J-Link probes (CTRL+SHIFT+]) emWIN_HandsOn
%‘ Debug Attach to a running target using SEGGER J-Link probes (CTRL+ALT+))
L Program flash action using SEGGER J-Link probes l
~ Miscellaneous ase flash action using SEGGER J-Link probes

(5 VisionSOM_RT_FreeRTOS_emWIN_HandsOn ————

L] : O NXP MIMXRT1052x000B* (Visi...dsOn) Proven Partner
i
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SEGGER J-Link

Probes discovered S ) |

Connect to target: MIMXRT1052xxxxB

1 probe found. Select the probe to use:

Available attached probes
Serial number/I Type  Manuf IDE Debug Mode
801009099 SEGGER All-Stop

Supported Probes (tick/untick to enable/disable)
SEGGER J-Link probes

Probe search options

Search again

Remember my selection (for this Launch configuration)

@ Cancel OK
Proven Partner

M S0MLabs | www.somlabs.com m
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SEGGER J-Link

VisionSOM_RT_temp - VisionSOM_RT_FreeRTOS_emWIN_HandsOn/source/main.c - MCUXpresso IDE - -~ 0
File Edit Source Refactor Navigate Search Project ConfigTools Run Window Help

HNvE® 2 QvE ¢% @viBin puBNIRR T2 BDHBROR GOV I SIL AN FEvOovaviosviwEm|[diuviveova

&

Quick Access || [ |§‘ m w ¢
' leeid)
[ Project Ex Wal’eriphera 1§ Registers ¥ Faults £ symbolvi = & (#Debug 1 % i v = B8
#® % M@ v < - [l VisionSOM_RT_FreeRTOS_emWIN_HandsOn JLink Debug [GDB SEGGER Interface Debugging]

= =/ i VisionSOM_RT_FreeRTOS_emWIN_HandsOn.axf
@ = VisionSOM_RT_FreeRTOS_emWIN_HandsOn <Debug>

3 : - o Thread #1 57005 (Suspended : Breakpoint)
+ @ Project Settings

o main() at main.c:58 0x60002434
+ $% Binaries

+ @ Includes [ mainc % ’ [g] fsl_lpuart.c = a8
+ 8 CMSIS 49-void taskl(void* param) {
50
*] @ amazon-freertos 51 char* text = "HELLO TASK 1\n";
+ (@ board 52
e 53 while(1) {
@ device 54 LPUART WriteBlocking(LPUART1, (uint8 t*)text, strlen(text));
- @3 drivers 55 ) }
56
+ (& fsl_clock.c 57 )
% [@ fsl_clockh # 56~ fint main(void) {

{59
0 BOARD_InitBootPins();

+ [4 fsl_common.c

5 [ Sl.commonh 1 BOARD InitBootClocks();
LCOmIMON. 2 BOARD InitBootPeripherals();
+ [@ fsl_elcdif.c 3
) 4 printf("Hello World\n");
+ [R fsl_elcdif.h 5
¥ [@ fsl_flexio_i2c_master.c | 66 xTaskCreate(taskl, "TASK1", 128, NULL, 1, &tasklHandle);
B o | U
| ]
§§68 vTaskStartScheduler();
(0] Quicksran]m- Global Vari (9= Variables 9 Breakpoin 5% Outine = B || 69
70 return 0 ;
~ Lreate or Import a project §§71 }
72
. New project...
0
. Import SDK example(s)...
@ 1mport project(s) from file system.., (@) Installed SDKs [T Properties | & Console 52 |[2] Problems [ Memory B Debugger Console € Instruction Trace @D Power Measurement Tool [ SWO Trace Config =t
~ Build your project % B X % bR SEE B vEy
& Build VisionSOM_RT_FreeRTOS_emWIN_HandsOn JLink Debug [GDB SEGGER Interface Debugging] VisionSOM_RT_FreeRTOS_emWIN_HandsOn.axf
& Clean Executed SetRestartOnClose=1

[MCUXpresso Semihosting Telnet console for 'VisionSOM RT FreeRTOS emWIN HandsOn JLink Debug' started on port 34682 @ 127.6.0.1]
Debug your project

®|vE

i SEGGER J-Link GDB Server V6.40 - Terminal output channel

*‘ Debug
*‘ Terminate, Build and Debug

Writable Smart Insert 58:1 G  NXP MIMXRT1052xxxxB* (Visi...dsOn)

Proven Partner
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SEGGER J-Link

File Edit Source Refactor Navigate Search Project ConfigTools J:0U8 Window Help

VisionSOM_RT_temp - VisionSOM_RT_FreeRTOS_emWIN_HandsOn/source/n

émvw& Sv‘véwwéovieﬂbr‘fﬁﬂme

1 &¥ Disconnect

[ Project Explorer 231 2, Peripherals+ i} Registers 3 Faults & Sym‘ 3. Stepinto

Step Into Selection
§
3 Step Over

+ @ Project Settings

= Runto Line

+ $¥ Binaries Use Step Filters
+ @) Includes

Q, Run Last Launched
+ €8 CMSIS

& Debug Last Launched
+ @ amazon-freertos

+ @ board Run History

+ 3 device Run As

+| 3 drivers Run Configurations...
), 69 emWin Debug History

= 3 source Debug As

+ [R FreeRTOSConfig.h
+ [R logo.h
+ [ mainc

+ [€ semihost_hardfault.c

Breakpoint Types

® Toggle Breakpoint

+ (B startup ® Toggle Line Breakpoint

&,
I 4
@ Toggle Method Breakpoint

Watchpoint

) Quickstart Panel} )= Global Variables ()= Variables © Breakpoints 3

Skip All Breakpoints

. MCUXpresso IDE - Quickstart Panel %
(_1oE J

Project: VisionSOM_RT_FreeRTOS_emWIN_HandsOn [Debug]

ve All Breakpoi

Q, External Tools

5 B0 8RR Y

v
%

Copyright 2016-2018 NXP
ALl rights reserved.

Redistribution and use in source and binary forms, wi

are permitted provided that the following conditions
Shift+F5

b Redistributions of source code must retain the abov

ctri+F11 | of conditions and the following disclaimer.

FIT 5 Redistributions in binary form must reproduce the &
list of conditions and the following disclaimer in
>/ other materials provided with the distribution.

>

b Neither the name of NXP Semiconductor, Inc. nor the
contributors may be used to endorse or promote prod
software without specific prior written permission.

>

>l’HIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AN

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT

ARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTI
DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT HOLDER OF

>ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY,
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTI
LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTI
ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WA
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH

Ctri+Alt+B | i
afile VisionSOM RT_FreeRTOS emWIN HandsOn.c

gbrief Application entry point.

>clude <stdio.h>

~ Create orimport a project

B New project..
. Import SDK example(s)...
& Import project(s) from file system...

~ Build your project

ol A suid
0,
o & Clean

Debug your project

BEv

36 #1nclude "board.h"
37 #include "peripherals.h"

28 #include "nin muvy h"

() Installed SDKs 83 Properties & Console (2] Problems [ Memory R De

O Installed SDKs 'SDK 2.x MIMXRT1052x00xB' ('2.5.0') already added as 'f
To install an SDK, simply drag and drop an SDK (zip file/folder) into the 'Installed SDKs'*
Name SDK Version Manifest Versic

# SDK_2.x_MIMXRT1052xxxxB 25.0 340

15 VisionSOM_RT_FreeRTOS_emWIN_HandsOn

SoMLabs

| www.somlabs.com
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Create, manage, and run configurations

SEGGER J-Link

Debug Configurations

Name: | VisionSOM_RT_FreeRTOS_emWIN_HandsOn JLink Debug

[ a

B8 c/C++ (NXP Semiconductors) MCU Application

[€] C/C++ Application

[€] C/C++ Attach to Application

[€] C/C++ Postmortem Debugger

[€] C/C++ Remote Application

[€] GDB Hardware Debugging

[&3 GDB PEMicro Interface Debugging
-/ [l GDB SEGGER Interface Debugging

¥ Java Applet

[T Java Application

& Launch Group

¥ Launch Group (Deprecated)

&, Remote Java Application

X XSL

Main [ %5 Debugger @ GUI Flash Toon s Startup} By Source] 1= Qommon]

— -
e Debugger settings
segger.com

JLink Interface Settings

JLink Interface © USB | 801009099 P
Device MCIMXRT1052 v

Target Interface SWD v

Speed adaptive @ auto fixed = value in khz
GDB Server Settings

Server startup and port selection @ auto manual

Start Server

GDB Server Port 2331

SWO Port 2332

Telnet Port 2333

Endianess little b

Disconnect behaviour Run v

Power Target Enable Semihosting

GDB Client Settings

Halt target on startup Initialize CPU registers

Filter matched 15 of 15 items

Revert Apply

@

Close Debug

Proven Partner
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SEGGER J-Link

i workspace - VisionSOM_RT_FreeRTOS_emWIN_HandsOn/source/main.c - MCUXpresso IDE o || =
File Edit Source Refactor Navigate® Search Project ConfigTools Run FreeRTOS Window Help
B-HGE@oYie i pIueNARRPIE|bIBARR -GS LIKF - 0- Q- @S- A G- CE D Quick Access §| 1% | & n i )
% Debug 52 [ Project Explorer Symbol Viewer (1) Quickstart Panel xR | i ¥ = B  ®-Variables 3 9 Breakpoints i} Registers B Modules B, Peripherals+ 6 Expressions & | Elpda e =
4 VisionSOM_RT_FreeRTOS_emWIN_HandsOn JLink Debug [GDB SEGGER Interface Debugging] Name Type Value
4 12 VisionSOM_RT_FreeRTOS_emWIN_HandsOn.axf » param oid ™ <optimized out>
4 Thread #1 57005 (Suspended : Breakpoint)
= taskl() at main.c:54 0x60002416
= vPortFree() at heap_4.c:308 0x60003e14
5 arm-none-eabi-gdb (8.1.0.20180315)
-
< »
[& main.c 83 [g port.c [ fsl_lpuart.c & Welcome [g] startup_mimxrt1052.c = B 5= Outline 2 Ba o v=08
z; #LNLIUUE  LASK.TI z 0 stdioh
47 TaskHandle_t tasklHandle; & boardh
48 % peripherals.h
= void taski(void* param) { ®  pin_muxh
har* text = "HELLO TASK 1\n"; M dockcomigh
SR RSSE e 2 MIMXRTI052.h
while(1) { o fsl_lpuarth
LPUART_WriteBlocking(LPUART1, (uint8_t*)text, strlen(text)); % FreeRTOS.h
} U taskh
5;-’ } @® tasklHandle: TaskHandle t
580 int main(void) { ® taskl(void®): void
59 ® main(void) : int
60 BOARD_InitBootPins();
61 BOARD_InitBootClocks();
62 BOARD_InitBootPeripherals();
63
64 printf("Hello World\n");
65
66 xTaskCreate(taskl, "TASK1", 128, NULL, 1, &tasklHandle);
67 =
< »
) Console | Tasks (2] Problems (3 Executables [} Debugger Console € Instruction Trace @D Power Measurement Tool [] SWO Trace Config (9= Global Variables % Faults [J Memory s Task List (FreeRTOS) 52 } mEO=8
TcBs Task Name Task Handle Task State Priority Stack Usage Event Object Runtime
p1 TASKL 0x200002b8 B> Running 1(1) & 0B/4368B &
p 2 IDLE 0x20000428 & Ready 0(0) & 0B/284B iy
b3 Tmr Svc 0x200008f3 [ Suspended 44 & 0B/604B TmrQ (Rx) &

&}

. O NXP MIMXRT1052x00B* (Visio...ndsOn)

SoMLabs | www.somlabs.com
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FreeRTOS

. RTOS (Real Time Operating System)

. RT - Ensures the compliance with time constraints
deterministic scheduler
fixed priorities

. OS - Kernel executing multiple tasks

independent tasks
synchronization and communication

| | abs | www.somlabs.com
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FreeRTOS -

RTOS approach

int main(void) {
// create tasks
// run scheduler

}

void taskl (void*) {
// initialization
while (1) {
// processing
}

}
void task? (void*) {

// initialization
while (1) {
// processing
}
}

tasks

Classic approach

int main(void) {
// initialization

while (1) {
// processing
}
}

H | abs | www.somlabs.com
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FreeRTOS - tasks

Not Running
(super state)

Suspended

5

™\

vTaskSuspend) vTaskSuspend()
called called
vTaskResume()
called
Running
vTaskSuspend) Event fBlOtt:.king l:«IPId
called unction calle

sl

.
M

Labs | www.somlabs.com




FreeRTOS - scheduling

configUSE_TIME_SLICING =0

configUSE_TIME_SLICING = 1

configUSE_PREEMPTION =0

Co-operative Scheduling

configUSE_PREEMPTION = 1

Prioritized Pre-emptive
Scheduling

Prioritized Pre-emptive
Scheduling with Time Slicing

M S0V abs | www.somlabs.com




FreeRTOS - memory management

. static memory allocation

. dynamic allocation algorithms

neap 1 - simple allocation without freeing

neap_2 - allocation and freeing without blocks combining
neap 3 - malloc() and free()

neap_4 - allocation and freeing with blocks combining
neap 5 - allocation and freeing with blocks combining with
multiple regions support

\ ¥ 4
A | | abs | www.somlabs.com AN



FreeRTOS - Idle task

. created automatically
. lowest priority
. responsible for freeing memory

. must not be starved!

A |

| abs | www.somlabs.com

-

| 2 |



. Semaphores
Mutexes
Queues
Notifications

. Software timers

FreeRTOS - components

|
A,

I

| abs | www.somlabs.com
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H

deprecated_definitions.

h

.h

listh

.h

projdefs.h

.h

stream_buffer.h

portable

C

stream_buffer.c

i

event_groups.h

.h

message_buffer.h

.h

queue.h

.h

task.h

C

event_groups.c

C

tasks.c

FreeRTOS - file structure

DR

FreeRTOS.h freertos_tasks_c_
additions.h
: ; .h
mpu_wr:pers.h portar:le_h fsl_ticklei__ge neric.h

‘ ) C
sern?hr.h stack_mr:cros.h heap_2.c

) C
tim:s.h heap_5.c

C C

list.c queue.c

C

timers.c

M <0V abs | www.somlabs.com
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fsl_tickless_systick.c

2]

-
1]
Y]
o
-t
[a]

-
[
o
;U
i
[a

.h

portmacro.h




FreeRTOS - configuration

. FreeRTOSConfig.h

#define configUSE PREEMPTION 1

#define configUSE TICKLESS IDLE 0

#define configCPU CLOCK HZ (SystemCoreClock)
#define configTICK RATE HZ ((TickType t)200)
#define configMAX PRIORITIES 5

#define configMINIMAL STACK SIZE ((unsigned short)90)
#define configMAX TASK NAME LEN 20

#define configUSE 16 BIT TICKS

#define configIDLE SHOULD YIELD

#define configUSE TASK NOTIFICATIONS
#define configUSE MUTEXES

#define configUSE RECURSIVE MUTEXES
#define configUSE COUNTING SEMAPHORES
#define configUSE ALTERNATIVE API

#define configQUEUE REGISTRY SIZE

#define configUSE QUEUE SETS

#define configUSE TIME SLICING

#define configUSE NEWLIB REENTRANT

#define configENABLE BACKWARD COMPATIBILITY
#define configNUM THREAD LOCAL STORAGE POINTERS
#define configUSE APPLICATION TASK TAG

/* Deprecated! */

OV H O H OO ®KKM MO

Proven Partner

M S0MLabs | www.somlabs.com m



FreeRTOS - memory overhead

AR STR71x ARM7 port

~ull optimisation

Four priorities
nttps://www.freertos.org/FAQMem.html

Scheduler 236 bytes

Queue 76 bytes + queue storage area + 5-10 kB Flash

Task 64 bytes + the task stack size

\V 4
L | abs | www.somlabs.com | 4%



FreeRTOS - time overhead

. FreeRTOS ARM Cortex-M3 port for the Keil compiler
. Stack overflow checking turned off

. Trace features turned off

. Run-time stats feature turned off
. Compiler set to optimise for speed
. https://www.freertos.org/FAQMem.html

Context switching: 84 CPU cycles

| | abs | www.somlabs.com
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Exercise 1

. Create a new task

. Synchronize access to the common resource (UART port) using
a mutex

. Use the same code for multiple tasks

. Synchronize access to the common resource (UART port) by
changing the scheduling algorithm

| | abs | www.somlabs.com
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183403731

.24 D RGE LCO CONNECTOR

9-12vi6

JTAG+ETM

1012

] PWR

Mh/s

1013 B

Exercise 1

{ Ul | Rl |

a3 A
vizer

| ] .
M S

USB Console v 8

UsBPw

11 RSAVD ACT

10 INTERNAL
01SIRIAL
00 FUSES
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Exercise 1

. Creating a new task

BaseType t xTaskCreate( TaskFunction t pvTaskCode,
const char * const pcName,
unsigned short usStackDepth,
void *pvParameters,
UBaseType t uxPriority,
TaskHandle t *pxCreatedTask

) ;

void vTaskCode( void * pvParameters );

.| | abs | www.somlabs.com
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Exercise 1

Using the mutex

SemaphoreHandle t xSemaphoreCreateMutex( void );

BaseType t xSemaphoreTake( SemaphoreHandle t xSemaphore,
TickType t xTicksToWait );

BaseType t xSemaphoreGive( SemaphoreHandle t xSemaphore )

A | abs | www.somlabs.com
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Exercise 1

. Changing scheduling algorithm (FreeRTOSConfig.h)

confi1gUSE PREEMPTION

confi1gUSE TIME SLICING

| | abs | www.somlabs.com
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FreeRTOS - interrupts

. No requirements regarding the interrupts handling
. Functions dedicated for the interrupts - *FromISR

. Task-interrupt cooperation

. Synchronization

. Processing deferring

| | abs | www.somlabs.com
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Exercise 2

. Send a notification from the button interrupt
. Add a higher priority ‘busy task’

. Observe the button-LED responsiveness

. Switch the priorities

. Change the scheduling algorithm

A |

| abs | www.somlabs.com
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Exercise 2

. Using notifications

BaseType t xTaskNotifyFromISR (
TaskHandle t xTaskToNotify,
uint32 t ulValue,
eNotifyAction eAction,
BaseType t *pxHigherPriorityTaskWoken );

BaseType t xTaskNotifyWait (
uint32 t ulBitsToClearOnEntry,
uint32 t ulBitsToClearOnExit,
uint32 t *pulNotificationValue,
TickType t xTicksToWait ) ;

i

| abs | www.somlabs.com
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Exercise 2

. Busy task

void busyTask (void* param) ({

const TickType t delayMs = 10 / portTICK PERIOD MS;
char* text = "Calculation finished\n";

while (1) {
for(int i = 0; 1 < OxXFFFFFFF; i++)

.
’

LPUART WriteBlocking (LPUART1, (uint8 t*)text, strlen(text));
vTaskDelay (delayMs) ;

xTaskCreate (busyTask, "BUSY TASK", 128, busyTask, 2, &busyTaskHandle);

| | abs | www.somlabs.com
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Exercise 2

. Switching priorities

xTaskCreate (ledTask, "LED TASK", 128, ledTask, 2, &ledTaskHandle);
xTaskCreate (busyTask, "BUSY TASK", 128, busyTask, 1, &busyTaskHandle);

. Changing scheduling algorithm

#define configUSE PREEMPTION 0
#define configUSE TIME SLICING 1

| | abs | www.somlabs.com
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FreeRTOS - queues

. FIFO queues used for sending data
. task - task
. task - interrupt

. Data type defined by the programmer:
. simple type

. structure

. pointer

i
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Exercise 3

. Read temperature and pressure from MPL3115A2
. Create a queue for sending:

. simple types

. structures

- pointers
between two tasks.
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Exercise 3

. Using a queue

QueueHandle t xQueueCreate( UBaseType t uxQueuelength,
UBaseType t uxItemSize );

BaseType t xQueueSend( QueueHandle t xQueue,
const void * pvItemToQueue,
TickType t xTicksToWait );

BaseType t xQueueReceive( QueueHandle t xQueue,

void *pvBuffer,
TickType t xTicksToWait );

A |
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emWin

. GUI library based on windows and widgets

. Touch panel support

. Easy to use with any RTOS or bare-metal application
. Examples for multiple microcontrollers
https://www.segger.com/evaluate-our-software/
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emWin - configuration

Configuration files:
GUIConf.h
LCDConf.h
emwin_support.c
emwin_support.h

#define GUI_MEMORY ADDR ((uint32 t)s gui memory)
#define VRAM ADDR ((uint32 t)s vram buffer)

| | abs | www.somlabs.com
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Exercise 4

Analyze the GUI building code in the guiTask
. Create another GRAPH component for pressure data

.| | abs | www.somlabs.com = 4%
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Exercise 4

Creating the GRAPH widget

GRAPH Handle GRAPH CreateEx( int x0, int yO,
int xSize, int ySize,
WM HWIN hParent,
int WinFlags,
int ExFlags, int Id);
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emWin - touch panel

PID (Pointer Input Device) and MultiTouch support
Providing touch events to the library
Handling the input events

. Windows notifications
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Exercise 5

Analyze handling the touch events in the software timer code
. Create buttons

Use the buttons for acceleration axis selection
. Handle the input events

| | abs | www.somlabs.com



Exercise 5

Creating buttons

BUTTON Handle BUTTON Create( int x0, int yoO,
int xSize, int ySize,
WM HWIN hParent,
int WinFlags,
int ExFlags,
int Id);

| | abs | www.somlabs.com
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Exercise 5

Handling events

void eventCallback (WM MESSAGE * pMsg) {
if (pMsg->MsgId == WM NOTIFY PARENT) ({

if (pMsg->hWinSrc == buttonX) {
int code = pMsg->Data.v;
if (code == WM NOTIFICATION RELEASED) ({

activeAxis = ACTIVE AXIS X;
}
}

return;

}

| | abs | www.somlabs.com
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Why to use RTOS?

- Easy timing management

. Application modularity

. Team development

. Schedulability design and analysis
. MAST (mast.unican.es)

. SimSo (projects.laas.fr/simso)

A |
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Why to use FreeRTOS?

. One of the most popular RTOS
. Very well documented

- Open-source

. FreeRTOS+ Ecosystem

. OpenRTOS an SafeRTOS

A
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