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Introduction

Keil RTX

The ARM-ARTX is a real-time operating system, otherwise known as RTOS, that uses Keil's
RealView Microcontroller Development Kit, RVMDK, on Holtek’s Cortex-M3 microcontrollers.
A simple demo is also provided to indicate how to implement the RTOS on Holtek's 32-bit
MCUs. For more detailed information and further documentation, refer to the website:

http://www.keil.com/rtos/.

FreeRTOS

FreeRTOSTM is a portable, open-source, royalty-free, compact Real Time Kernel. It is free for
download and users can freely use the RTOS for commercial application development with
no requirements to reveal the user proprietary source code. Downloaded more than 77,500
times during 2008, the FreeRTOS has become a cross platform defacto standard for
embedded microcontrollers.

Each official port includes a pre-configured example application which is used for kernel
feature demonstrations, expediting learning and facilitating 'out of the box' development.
Further support is provided in the way of an active user community. For more information refer

to the website: http://www.freertos.org/main.html.

IAR PowerPac

IAR Systems offer one-stop-shopping for embedded development tools. RTOS and
middleware components integrate seamlessly with the IAR Embedded Workbench and
provide a complete development environment even for the most complex applications. Refer

to the website for more information: http://www.iar.com/website1/1.0.1.0/353/1/.

CooCox CoOS

CooCox CoOS is an embedded real-time multi-task OS that is especially designed for the
ARM Cortex- M series chipset. It is also a free and open RTOS.

In this document, simple example code is provided to indicate how to implement CooCox
Co0OS on Holtek's 32-bit MCUs. To understand more about CoOS , refer to the web site:

http://www.coocox.org/CoOS.htm.



http://www.keil.com/rtos/
http://www.freertos.org/main.html
http://www.iar.com/website1/1.0.1.0/353/1/
http://www.coocox.org/CoOS.htm
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Demonstration

Hardware Setup
e Connect the Holtek 32bit MCU Development Board to the PC through the RS232 cable.

e Two switches on the board will be used later and will be known as "Keyl” and a "Key2"
during future demos.
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Demo Process
1. After startup, the OS will remain on hold until any key is pressed.
2. When one of the keys is pressed, the OS will start the demo process.

3. The "Buzzer” will then immediately start playing a song with the song title being transmitted
to the PC through the RS232 interface. Run the hyper-terminal program on the PC to
receive and show this information string.

4. Additionally, each LED represents a song. When ”"Songl” is playing, LED1 will also be
turned on.

5. Press "Keyl” to play the next song while "Key2" will play the previous song.
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Keil RTX

RTX Real-Time Kernel

Keil provides several RTOS and middleware components that are fully integrated into the C
Compiler languages that it supports. Its kernel provides multitasking features for real-time
applications.

The RTX provides all the resources to create and control multi-threaded, real-time applications
and can be tailored to the exact system requirements. It fully supports ARM7, ARM9, and
Cortex-M devices, and is included in the MDK-ARM. Refer to: http://mwww.keil.com/rtos/.

The RTX kernel is a real time operating system, RTOS, that is able to create applications that
need to simultaneously perform multiple functions or tasks. This is very useful in embedded
applications. An RTOS like an RTX can solve numerous scheduling, maintenance and timing
issues.

An RTOS enables flexible scheduling of system resources like the CPU and the memory and
offers ways of communication between tasks. The RTX kernel is a powerful RTOS that is
easy to use and works with microcontrollers that are based on the ARM7™ TDMI, ARM9™ or
Cortex™ M3 CPU core.

RTX programs are written using standard C and compiled with the RealView® Compiler. The
RTX.h header file defines the RTX functions and macros that allows for easy task declaration
and access to all RTOS features.

Refer to: http://www.keil.com/support/man/docs/rlarm/rlarm_ar_artxarm.htm

Example Programs

The RL-ARM Kit includes several example programs that are configured for ARM® devices.
The example programs are located in the
\KeilARM\RL\...\Examples\and\KeilARM\Boards\<vendor>\<board>\RL\... folders. Each
example program is stored in a separate folder along with complete project files that will help

to quickly rebuild these projects and run the programs.

Environment Setup
e Download the "Holtek RTOS Package” and extract the file into any known folder.

e Select "RTX"” under the working directory and copy "RTX_Config.c” from the "Keil installed
path” to the working directory as shown below:
\ HT32Fxxxx\example\RTOS\RTX

= |y HT33F125x _DVE
= [T example
= Iy RTOS
# ) Co03_11.3
# |y FreeRTOR G111

+ |

3 ) RTX 412
# (5 RVMDK
= J 3
# (5 CMAIE

# oy HT32F125%_Diaiver



http://www.keil.com/rtos/
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e Ensure that the "firmware library” exists under the working directory
\ HT32Fxxxx\library

= |C5) HI32F125x_DVE
= [3) example
= 3 RTOS
) Co03_ 113
[ FreeRTOR 6111
[ PowerPac
= ) RTE_4.12

) CMsIs
) HT32F125x_Driye

e Open the keil project file xxxx.uvproj as shown below:
\ HT32Fxxxx\example\RTOS\RTX\RVMDK

Software Setup

e Install Keil's RealView MDK-ARM. The updated evaluation version can be registered and
downloaded at Keil's website.

e Open the RTOS Demo project.

Peuid cumarr [ a1 v

e Ensure that the "RTX Kernel” has been set in the "Options for Target -Target” as shown
below.
Options for Target FLASH" |§|
Device  Toraet |Outpmt | Listing | User | CiCe+ | Asm | Linker | Debug | Utitties |

Holtek HT32F1253

i~ Code Generation

Operating system: |RTH Kemel j

5 Use Crogs-Module O ptimization
¥ Use MicraLIB ™ BigEndian

I Use Link-Time Code Generation

i~ Read/Only Memory Area; i~ Read\wiite Memory Areas

default  off-chip Start Size Startup default  off-chip Start Size Molnit
I ROMI: [ [ RaMi | r
I~ ROM2: s ™ RaMz | r
™ ROMZ: (o I~ RaM3 | r

on-chip on-chip
¥ IROM1: [0=0 0:7C00 o v IRAMI IUxZUUUUUUU 02000 r
™ IROM2: c ™ IRaM2 | r
ok | Cosl | Detais | Help
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An RTX configuration file RTX_Config.c must also be added to the project.
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RTOS API

Below is part of the APIs that are used in the demo. For more complete information refer to

the following below:

http://www.keil.com/support/man/docs/rlarm/rlarm_library.htm.

os_tsk_create : Create the task identified by the task function pointer argument and then
add the task to the ready queue. This will dynamically assign a task identifier value, TID, to
the new task.

os_tsk_self : Identify the currently running task by returning its task ID.

os_tsk_delete_self : Stop and delete the currently running task. The program execution
continues with the task with the next highest priority in the ready queue.

os_tsk_prio_self : Change the priority of the currently running task to new_prio.

0s_evt_set : Set the event flags for the task identified by the function argument. The
function only sets the event flags whose corresponding bit is set to 1 in the event_flags
argument.

0s_evt_wait_or : Wait for one of the events specified in the wait_flags to occur. The function
only waits on events whose corresponding flags have been set to 1 in the wait_flags
parameter. The function can wait on as many as 16 different events.

os_dly_wait : Pause the calling task. The argument delay_time specifies the length of the
pause and is measured in number of system_ticks. The the delay_time can be set to any
value between 1 and OxFFFE.


http://www.keil.com/support/man/docs/rlarm/rlarm_library.htm
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Tasks Description with Sample Code

1. TaskO - Init_Task
e Functions
— To create and define all the tasks
Create "Button Task”
Create "Buzzer Task”
Create "UART Task”
Create "LED Task”

Create All
Tasks

e APIs and Flags

— Task_Init : "Init Task” identifier value

— Task_Button : "Button Task” identifier value

— Task_Buzzer : "Buzzer Task” identifier value

— Task _UART : "UART Task” identifier value

— Task LED : "LED Task” identifier value

— EVENT_BUTTON : "Button Task” identifier value

SEE

B R R e

* @hrief Task 'Init_Task'

* @paramfin] pdata D pointer to parameter passed to task.
* @paramfout] None
* @retval None

LR
*f
_ task void Init_Task (void |
{
os_tsk_prio_self (1):

/* Create four tasks for button, buzzer, UART, and LED function L7

Task_Init = os_tsk_self {[): A% get own task identification number *
Task_Button = os_tsk create (Button Task, BUTTON TASKE PRIORITY) : A% start task 1 =/
Task_Buzzer = os_tsk create (Buzzer Task, BUZZER_TASE PRICRITY) : S* start task 2 */
Task UART = os_tsk create (UART Task, UART TASE PRIORITY): F#% start task 3 =/
Task LED = os_tsk create (LED Task,LED_TASE PRICRITY): F*% start task 4 =/

/* Set event : Buzzer */
os_evt_set (EVENT BUTTCN, Task Button):

/* Delete "init task"™ task. =/
os_tsk_delete_self():
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2. Taskl - Button_Task
e Functions
— To detect a key input depending on "ButtonNewStatus”
ButtonNewStatus = KEY_KEY1
Next song will be played.
ButtonNewStatus = KEY_KEY2
Previous song will be played.
If "ButtonNewStatus” has been changed, set the events of all other tasks.

Key2 Keyl

Previous Song Next Song

Set Events

e APIs and Flags
— Get_button_state()
Get the current status of the key input.

Jféé
EE AR S R LR R R R e R R R R R
* Fhrief Task 1 'Buttonm Task': Detect button
# @paramf[in] pdata A pointer to parameter passed to task.
* @paramfout] None
* @retral None
R o R R R ]
<

_ task void Button Task (void)
i
SongM=g = 0;

for (::]

{
A* Get button state*/
ButtonNew3tatus = Get_Button State();

if (ButtonMNewsStatus != KEY NONE)
i
Tone = 0;//Reset song tone

A% Detect Button and select song number *7

if (ButtonNew3tatus == EET KET1) SongMsg++;

else if (ButtonllewStatus == EEY KEYZ) SongMsg—-:
SongMsg = SongMsg 5 4;

/* Zet event : Buzzer #/

oz _evt_set (EVENT BUZIZER, Task_Buzzer):
/* Set event : UART */

o0s5_evt_set (EVENT UART, Task UART):

A% Set event : LED */

o3 _ewvt_set (EVENT LED, Task LED):
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3. Task2 - Buzzer_Task

e Functions
— Drive the buzzer depending on the event "EVENT_BUZZER”
— Select the song depending on the flag "SongMsg”

SongMsg =0
Stop buzzer driving
SongMsg =1
Song : "Twinkle Twinkle Little Star”
SongMsg = 2
Song : "Lightly Row”
SongMsg =3

Song : "Here Comes the Train”

Change
Playing Song

e APIs and Flags

— Buzzer_Output (u16 SongNum)
Select which song is to be played.

fﬁ-ﬁé

IR E SRR S iR AR R R E R EREEEEEEE R RS R R R EEEEER R
* @hrief Task £ 'Buzrzer Task': Buzzer

# @paramfin] pelata B pointer to parameter passed to task.

* Fparamfout] None

* @retval None

L R R R R
%

_ task woid EBuzzer_ Task (void )
{
for (::]
i
o3 _evt_wait_or (EVENT BUZZER,50):
A% Output song */
Buzzer_Output (SongMsg) ;
i
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4. Task3 - UART_Task

e Functions
— Send the song title via the UART to the PC
SongMsg =0
Stop sending data to the PC.
SongMsg =1
Title : "Twinkle Twinkle Little Star”
SongMsg = 2
Title : "Lightly Row”
SongMsg =3

Title : "Here Comes the Train”

Event be Set ?
(Wait forever)

Change
“Song Title”

UART Output
e APIs and Flags

— UART_Display ( ul6 OutputMode)
Select which title will be shown on the PC.

L
f#*fﬁfﬁf**ffﬁff*fﬁfﬁf#*ffﬁff**fﬁffﬁ*ffﬁfﬁ#*fﬁffﬁ**fﬁfﬁf*fﬁfﬁf#*fﬁf!
* @hrief Task 5 "UART Task': UART Output

* @paramfin] pdata C pointer to parameter passed to task.

* @paramlout] None

# Fretval None

LA EEREREEEEEEESE EIEEEEEEEEEE S E SRR R R R R RS R R R AR R R RS EEE EEEEE]
7

_ task woid TART Task (veid )
{
for (::)
{
os_evt_wait_or (EVENT TART, Oxffff):;
% process message here *F
TART Display(SongMsg);
H
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5. Task4 - LED_Task

e Functions
— Switch on/off the LEDs
SongMsg =0
LEDs are all off.
SongMsg =1
LED1 is on - other LEDs are off.
SongMsg = 2
LED2 is on - other LEDs are off.
SongMsg =3

LED3 is on - other LEDs are off.

Event be Set ? No
(Wait forever)

Change LED

Turn On/Off LEDs

e APIs and Flags
LED_Control (u16 LEDMode)
— Switch on the corresponding LED depending on LED Mode.

‘_.-u-,e
L o R R
* @Fhrief Task 4 'LED Task': LED Output
* @paramlin] pdata D pointer to parameter passed to task.
# @paramfout] None
* @retral None
LR R R R R R R R R R R R
5
void LED_Task (void)
{
for (::)
i
o3 evt_walt or (EVENT LED, Oxffff):
S* process message here */
LED Control (SongMsg) :
}

10
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FreeRTOS

FreeRTOS Kernel

FreeRTOS is licensed under a modified GPL and can be used in commercial applications
under this license. An alternative commercial license option is also available at:
http://www.freertos.org/a00114.html.

FreeRTOS.org has been ported to many different architectures and compilers. Each port is

accompanied by a pre-configured demo application to allow users to get up and running
quickly. Each demo application is accompanied by a documentation page providing full
information on locating the demo project source code, building the demo project and

configuring the target hardware.

Example Programs

Every demo application is located in a subdirectory of the FreeRTOS/Demo directory. The
name of each such subdirectory describes the configuration of the demo application it
contains. Refer to the FreeRTOS.org source code organization page for a full explanation of
the FreeRTOS.org directory structure.

Environment Setup
e Download the "FreeRTOS source code” and extract it.
e Download the "Holtek RTOS Package” and extract the file into any known folder.
e Select "FreeRTOS” under the working directory, and copy "Source” folder from
"FreeRTOS source code directory” to the working directory as below:
\ HT32Fxxxx\example\RTOS\FreeRTOS

= | HT32F125x_DVE

= I5) example

= ) RTOR

# |3 Co03_11.3
= Teek [ T4

# ) EWARM

+ ) RVMLE

# |2) Source
4 ) FowerPac
# ) RTX_ 412
= 1 ibrasy

+ ) CHMRIE

# () HT32F125_Driver

e Ensure that the "firmware library” exists under the working directory
\ HT32Fxxxx\library

= | HI3:F125x DVE
= [5) example
= 3 RTOR
+ ) Cedi 113
= ) FreeRTO2 611
# () EWARM
# |3 RVMDE
F ) Somrce
# |5) PowerPac
# I3 RTE_4.12
=) libuary
# 3 CMEIR
E3 HT32F1250 Dirjuwes

e Open the keil project file xxxx.uvproj as shown below:
\ HT32Fxxxx\example\RTOS\ FreeRTOS \RVMDK

11
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e The IAR project file xooxx.eww can also be found as shown below. In this document, only
the keil environment is introduced.
\ HT32Fxxxx\example\RTOS\ FreeRTOS \EWARM

Software Setup

e Install Keil's RealView MDK-ARM. The updated evaluation version can be registered and
downloaded at Keil's website.

e Open the RTOS Demo project.

L AN EST
Do G s Sec Pk Qe A Jok D05 dde fe
[T a =R BRNEED N

ik s [ Qv 11 vies | Sl

e The "FreeRTOS kernel files” must be added from "Source” to the project.
\ HT32Fxxxx\example\RTOS\FreeRTOS_6.1.1\Source
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RTOS API

Below are some of the APIs that are used in the demo. For complete information, refer to :
http://www.freertos.org/a00106.html

e XTaskCreate : Create a new task and add it to the list of tasks that are ready to run.

e XTaskDelete : Remove a task from the RTOS real time kernel management. The task being
deleted will be removed from all ready, blocked, suspended and event lists.

e XQueueCreate : Create a new queue instance. This allocates the storage required by the
new queue and returns a handle for the queue.

e XQueueSend : Post an item on a queue. The item is queued by copy, not by reference. This
function must not be called from an interrupt service routine.

e XQueueReceive : Receive an item from a queue. The item is received by copy so a buffer
of adequate size must be provided. The number of bytes copied into the buffer was defined
when the queue was created.

Tasks Description with sample code

1. TaskO - Init_Task
e Functions
— To create and define all the tasks
Create "Button Task”
Create "Buzzer Task”
Create "UART Task”
Create "LED Task”

Create All
Tasks

e APIs and Flags

— vinit _ Task : "Init Task” identifier value

— vButton _ Task : "Button Task” identifier value
— vBuzzer _ Task : "Buzzer Task” identifier value
— VUART _ Task : "UART Task” identifier value

— VLED _ Task : "LED Task” identifier value

— Buzzer _ Queue : "Buzzer Task” identifier value
— UART _ Queue : "UART Task” identifier value
— LED _ Queue : "LED Task” identifier value

S

R R R
* @prief Task 'Tnit Task'

* @param[in]  pdata D pointer to parameter passed to task.

* @paramout] Nonme

* @ratval None

N AR AR AR R A AR AR ARk AL AR ARk ARk

=

woid Init_Task (veid *pdata)

{

% Create three gururs for buzzer, UART, and LED function  */
Buzzer_Queus = xQueusCreate (Buzzer QUEUE_SIZE, 4 ):

UART_Queue = xQueusCreate (UART QUEUE SIZE, 4 );

LED_Queue = xQueusCreate (LED_QUEUE_SIZE,4 ):

/% Create four tasks for button, buzzer, UART, and LED function */

xTaskCreate (Button Task, (signed portCHAR * ) "Button”, BUTTON TASE STACK SIZE, NULL, BUTTOM TASE PRIORITY, &vButton Task ):
xTaskCreate (Buzzer_Task, (signed portCHAR * | "Buzzer”, BUZZIER_TASK STACK SIZE, NULL, BUZZER_TASK_PRIORITY, svBuzzer Task ):
xTaskCreate (UART Task, (signed portCHAR % ] MUART", UART TASK STACE SIZE, NULL, UART TASK PRIORITY, &vIART Task |:
xTaskCreate (LED_Task, (signed portCHAR * | "LED", LED TASK STACK_SIZE, NULL, LED_TASK_PRICRITY, svLED_Task ):

/% Delete "init_task" task. */
vTaskDelete( vInit_Task };

13
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2. Taskl - Button_Task
e Functions
— To detect the key input depending on "ButtonNewStatus”
ButtonNewStatus = KEY_KEY1
Next song will be played.
ButtonNewStatus = KEY_KEY2
Previous song will be played.
If "ButtonNewStatus” has been changed, set the events of all other tasks.

Key2 Keyl

Previous Song Next Song

e APIs and Flags
— Get_button_state()
Get the current status of the key input.
— Send_Queue (u8 QueueType, ul6* QueueMessage)
Send queues that include "key state” to other tasks.

Jfff
EEEA KL LR A A A A A KA A A LA AL ALK A A A LA LA A K AR A A AL E AL AL A A AL E A KA AR A A AL AR AR AL A LR
* @hrief Task 1 'Button Task': Detect button
* @paramlin] pdata A peointer to parameter passed to task.
* @paraml[out] None
* @retral None
EEEA KL LR A A A A A KA A A LA AL ALK A A A LA LA A K AR A A AL E AL AL A A AL E A KA AR A A AL AR AR AL A LR
=
void Button Task (veid *pdata)
{
SJongM=g = 07

for (::)

{
A% Get button state*/s
ButtonNewi3tatus = Get_Button State():;

if (ButtonNew3tatus != EEY NONE)
{
Tone = 0O; //Reset Tone

A% Deteact Button and select song number =

if (ButtonlNewdtatus == KEYT_KEY1) SongMsg++:

else if (ButtonlNew3tatus == KEY KEYZ) SongMsg-—-
SongMsg = SongMsg 3 4:

A% Send Queus : UART #/

Jend Queue (QUEUE_UART, &3ongMsg) ;
A% Send Queus : LED */

Zend Queue (QUEUE_LED, &3ongMag)

A% Zepd Quens : Buzzer */
Send_Queue (QUETE_EBUZZIEER, &3ongMsgy) »

14
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3. Task2 - Buzzer_Task
e Functions

Drive the buzzer depending on the event "EVENT_BUZZER”
Select the song depending on the flag "BuzzerMsg”
BuzzerMsg =0

Stop driving the buzzer.
BuzzerMsg = 1

Song : "Twinkle Twinkle Little Star”
BuzzerMsg = 2

Song : "Lightly Row”
BuzzerMsg =3

Song : "Here Comes the Train”

Queue Received ~
(after 50 ticks)

Change
Playing Song

Drive Buzzer

e APIs and Flags

Buzzer_Output (ul6 SongNum)
Select which song is to be played.

S

EE R R R R R I R L R RN

* Fprief Task =z 'Buzzer Task': Buzzer

* @paramfin] pdata B pointer to parameter passed to task.
# @paramlount] None
* @ratval None

R R L R

=

void Buzzer_ Task (void *pdats)

{

ulg BuzzerMsg = 0;:

for (::)
i
FEReceive Quens for "buszzer" function*,/
if [ xQueusReceive | Buzzer Queue, &BuzzerMsg , | portTickType | 50 ) ):

A& Qutput song &/
Buzzer Output (BuzzerMsg) ;

15
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4. Task3 - UART_Task

e Functions
— Send the song title via the UART to the PC
UARTMsg =0
Stop sending data to the PC.
UARTMsg =1
Title : "Twinkle Twinkle Little Star”
UARTMsg =2
Title : "Lightly Row”
UARTMsg =3

Title : "Here Comes the Train”

Queue Received 7~ NO
(Wait forever)

Change
“Song Title”

— UART Output S
e APIs and Flags

— UART_Display (u16 OutputMode)
Select which song title is to be shown on the PC.

#
X**fﬁ***fﬁ*#*fﬁ*#*fﬁﬁé*fﬁﬁ***fﬁ***fﬁ***fﬁ***fﬁﬁ#*fﬁﬁé**fﬁé**fﬁé**fﬁé**fﬁ,

* @hrief Task 3 "UART Task': UART Output

# @paramlin] pdata C pointer to parameter passed to task.

* @paramfout] None

* @retral None

EE R R R R

=/
void TART Task (woid *pdata)
i

uleg ULRTMsg = 0

for (::]
{
F#*Raceive Quene for "UART" function®/
if [ xQueusReceiwve | UART Queue, SUARTHMsg , portMiX DELAY )
{
A% Output song titlesS
ULRT Display (UARTM=g) ;
i

16
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5. Task4 - LED_Task

e Functions
— Switch on/off the LEDs
LEDMsg =0
The LEDs are all off
LEDMsg =1
LED1 is on - other LEDs are off
LEDMsg =2
LED2 is on - other LEDs are off
LEDMsg =3

LED3 is on - other LEDs are off

Queue Received 7~ NO
Wait forever

Change LED

Turn On/Off LEDs <«

e APIs and Flags
— LED_Control (ul6 LEDMode )

Turn on the corresponding LED depending on LEDMode.

fﬁé
L R
* @hirief Task 4 'LED Task': LED Output
* @Aparamlin] pdata I pointer to parameter passed to task.
# @paramlout] HNone
* @Fretval None
L R
=
void LED Task (void *pdata)
1
ulg LEDMsg = 0O;

for (::)
i
FS*Receive Quene for "LED™ function#*/s
if | xQueusReceive( LED Queus, &SLEDMsg , portMAZ DELAY | )
i
S*Enablae LER output*/
LED Controal (LEDMag):
i

17
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IAR PowerPac

IAR PowerPac Kernel

The IAR PowerPac is a fully-featured real-time operating system, RTOS, combined with a
high performance file system. The IAR PowerPac is tightly integrated with the IAR Embedded
Workbench and comes with sample projects and board support packages for devices from

different manufacturers.

Example Programs

The IAR-PowerPac RTOS Kit includes several example programs for several evaluation
boards.

The example programs are located in \ IAR Systems\..\Arm\PowerPac \BoardSupport\...
folders. Each example program is stored in a separate folder along with complete project files

that will assist with rapid project rebuilding and program execution.

Environment Setup

e Install the IAR Embedded Workbench Version 5.4 or above and also install the IAR
PowerPac. The updated evaluation version can be downloaded through IAR’s website
after online registration.

e Download the "Holtek RTOS Package” and extract the file into any known folder.

e Select "PowerPac” under the working directory, and ensure that the "firmware library”
exists under the working directory as shown below:

\ HT32Fxxxx\example\RTOS\PowerPac

\ HT32Fxxxx\library
= |03 HT32F125%_DVE
= |2 example
= ) RTOS
) Co08 113

= I PowerPac
H | EWARM

e Copy "os7m_tl_ d.a” and "os7m_tl ra” from the "IAR install directory” to the project
directory as shown below:
\ HT32Fxxxx\example\RTOS\PowerPac\RTOS\Lib\
e Copy "OS_Config.h"” and "RTOS.h" from the "IAR install directory” to the project directory
as shown below:
\ HT32Fxxxx\example\RTOS\PowerPac\RTOS\Inc\
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e Ensure that "OS_Error.c” and "RTOSInit.c” exist in the following directory:
\ HT32Fxxxx\example\RTOS\PowerPac\RTOS\setup\

O Contigh
HEE®E |
= ZkH

= RTCEh
=| H

= 153 KB

= RTOSInit
C 8%
14KB

e The IAR project file xxxx.eww can be found as shown below and opened:
\ HT32Fxxxx\example\RTOS\PowerPac \EWARM
Software Setup

e Install the IAR Embedded Workbench and the IAR PowerPac. The updated evaluation
version can be registered and downloaded at IAR’s website.

e Open the RTOS Demo project.

£ L, Ebdist Warkbich OE
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]

2
=
=

[ T e . . |
oL Fasererew 5 o
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e Ensure that a "Holtek device” has been selected in the "Processor variant” area as shown
below.

Options for node “Project™ &l

Categorny:

C/C++ Compiler
Assembler
QutpuE Converter Targst | Ouput | Library Configuration | Library Options | MISRA-C 4| »

Custom Build

Build Actions
Linker

Debugger " Core

Simulatar
0 i HT32F1253
angel O Do | 2

GCE Server

TAR. RCM-manitor i
J-Link)3-Trace Endian mode

LML FTDI {v Littls

Macraigor i Big

RDI '

ST-Link. o

Third-Party Driver

Processor variant

Cancel

e Set the "Additional include directories” and "define symbols” as shown below.

Options for node “Project™ &|

Categony: Factory Settings

General Options [ Multifile Campilation
r
Assembler
Output Converter Language | Code | Optimizations | Output | List Preprocessor | 4| |
Custom Build : g z e
Buid Actions I~ Lenore standand melfude dieciores [§TODLEIT_DIR$INCY
Lirike:
D::hurgger AR el b (e peeins)
Cimulat SPROT_DIR A -~
muioer $PROT_DIREA L A A Aibrary\ CMEISCM M oreSuppart
Angel SPROT_DIRS, \.].tbrar)f'.CMSIS\CMB\D&ViceSuppDﬂ"J-IDltek"I-IT3
GDEB Server SPROI_DIRSS. A4 5. Mibrary'H T32F1 25%_Diriverting b
IAR. ROM-monitar Preinclude file:
J-Link{3-Trace [
LMI FTDI . . J
Macraigor Defined symbols: {one per line) .
ROT VECTOR_AT FLASH [ Preprocesor output fo file
) DEEUG=1 r
ST-Link. -
Third-Parky Driver

ak | Cancel
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e Setup the "flash loader file” in the "Download” section. If not setup the system will not be
able to transfer the file to the MCU.

Options for node “Project™ &'

Category: Factomy Settings

General Options
CJC++ Compiler

Assembler i :
Qutput Corverter Setup  Download | Exra Ophons] Images ] Flugins ]
Custom Build
Build Actions
Linker [v Verify download
Debugger ™ Buppres download

Simulator ¥ Use flash loader(s)

fingel [ Override default hoard fils

GDE Server

IAR ROM-monitor | J
J-Linkj1-Trace

LMI FTDI

Macraigor

ROI

ST-Link.
Third-Party Driver

(] 8 | Cancel |

e Some PowerPac configuration files as shown below must also be added to the project.

# 14K Exbriinl Waikbiech IDE

[N - ) E [ =+ = o )

-4 Filas =
2] 5 bocssinze
—El_ll'.Nsl"
—[JDac
1 FaEwarM
FECiLibany
—E“ rPac_Lib
J,f— Blostm t_da ™,
Y Dos?mtl_ra )
1 Ratanget |
!r-E!JSslup i
| El 05_Emoic
1:2_‘[3 ATOSnMe __,.r'/
l—EI_lL'é"er— —_—
| “LEBmanc
@ O Owtp

7
piafine D TASH FRIENCT =
g Jfid fa] ]

Ml

[rrrer—

& ¥
uaJn-hquq ¥
LA 0 L et Emm i, B i HIN =

For detailed information, refer to the IAR reference documents.
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RTOS API
Below are some of the APIs that are used in the demo. Detailed information is located in the

\IAR Systems\...\arm\PowerPac\Doc\ folder.

e OS_IncDI : Short for Increment and Disable Interrupts. Increments the interrupt disable
counter, OS_DICnt, and disables the interrupts.

e OS_Initkern : Initialize all RTOS variables which require a non-zero initial value for
arithmetic types or a non NULL pointer value for pointer types.

e OS_InitHW : Initialize the hardware timer used for generating interrupts. The IAR PowerPac
RTOS needs a timer-interrupt to determine when to activate tasks that wait for the
expiration of a delay, when to call a software timer and to keep the time variable up to date.

e OS_CREATETASK : Create a task.

e OS_Q_Create : Create and initialize a message queue.

e OS_Q Put: Store a new message of given size in a queue.

e OS_Q_GetPtr : Retrieve a message from a queue.

e OS_Q _Purge : Delete the last retrieved message in a queue.

e OS_EnterRegion : Indicate to the OS the beginning of a critical region.

e OS_lLeaveRegion : Indicate to the OS the end of a critical region.
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Tasks Description with Sample Code

1. TaskO - Init_Task
e Functions

To create and define all the tasks
Create "Button Task”

Create "Buzzer Task”

Create "UART Task”

Create "LED Task”

Create All
Tasks

e APIs and Flags

TCB_Init _ Task : "Init Task” identifier value
TCB_Button _ Task : "Button Task” identifier value
TCB_Buzzer _ Task : "Buzzer Task” identifier value
TCB_UART _ Task : "UART Task” identifier value
TCB_LED _Task: "LED Task” identifier value
Buzzer EVENT : "Buzzer Task” identifier value
UART _ EVENT : "UART Task” identifier value
LED _ EVENT : "LED Task” identifier value

static woid Tnit_Task (wvoid)

{

#* Create Events*/
0%_EVENT_Create(sBuzzer_Event):
0%_EVENT Create(&UART Ewent);
0%5_EVENT Create(sLED Ewent):

A% Create Tasks #/

0%5_CREATETASKE (&TCE_Button_Task, "Button Task™, Button_Task, 50, Button_Task_stk):
0%_CREATETASE (&TCE_Buzzer_ Task, "Buzzer_ Task"™, Buzzer Task, 200, Buzzer_Task_stk):
0%_CREATETASE («TCE_UART Task, "UART Task™, UART Task, 150, TART Task_stk):

0% _CREATETASE («TCE_LED_Task, "LED_Task"™, LED_Task, 100, LED_Task_stk):

Stend this task #/
0%_Terminate (&TCE_Init Task):
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2. Taskl - Button_Task
e Functions
— Detect the key input depending on "ButtonNewStatus”
ButtonNewStatus = KEY_KEY1
Next song will be played
ButtonNewStatus = KEY_KEY2
Previous song will be played
If "ButtonNewStatus” has been changed, set the events of all other tasks.

Key2 Keyl

Previous Song Next Song

Set Events

e APIs and Flags
— Get_button_state()
Get the current status of the key input.

static woid Button Task (void)
{
SongMsyg = 0O;

for (:;)

!
AF et button statess
Buttontlewmitatus = Get Button Jtatel):

if (Buttonlewitatus '= KEY_NONE)
{
Tone = 0; ASAReset Tone

A% Detect Button and select song mmber */

if (Buttonlewitatus == FEY _FEV1)] Songlagtt;
else if(Buttonlewitatus == FEY _EEYZ) SongMag--
SongMsg = Songlsg % 4;

S* Rend Event @ UART #/

Gend Event (EVENT UART, s3onglag) -
A% Send Event ! LED #/

dend Event (EVENT_LED, &iongMag) ;

A% Rend Event @ Buzzer */

dend Event (EVENT_BUZZER, «SongMad) ;
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3. Task2 - Buzzer_Task

e Functions
— Drive the buzzer depending on the event "EVENT_BUZZER”
— Select the song depending on the flag "SongMsg”

SongMsg =0
Stop driving the buzzer.
SongMsg =1
Stop : "Twinkle Twinkle Little Star”
SongMsg = 2
Stop : "Lightly Row”
SongMsg =3

Stop : "Here Comes the Train”

Event be Set 2~ No
(after 50 ticks)

Change
Playing Song

ot e
e APIs and Flags

— Buzzer_Output (u16 SongNum)
Select which song is to be played.

static woid Buzzer_ Task (vodid)
{
for (::)
i
S Walt for Event messages
if (08_EVENT WaitTimed(sBuzzer Ewent,b) == 0):

05_EnterRegion():

FE Output song £
Buzzer_Output|iongMsg) ;

05_LeaveRegion():
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4. Task3 - UART_Task

e Functions
— Send the song title via the UART to the PC
SongMsg =0
Stop sending data to the PC
SongMsg =1
Title : "Twinkle Twinkle Little Star”
SongMsg = 2
Title : "Lightly Row”
SongMsg =3

Title : "Here Comes the Train”

Change
“Song Title”

UART Output <«
e APIs and Flags

— UART_Display (u16 OutputMode)
Select which song title is to be shown on the PC.

static woid UART_Task (woid)
i
for (::)
{
F#Receive Event for "UART" function#/
05_EVENT_Wait(&UART Ewvent):;

05_EnterBegioni)

F# Qutput somg titleds
TART Diaplay (SongMaog):

05_LeaveRegion():
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5. Task4 - LED_Task
e Functions
— Switch on/off the LEDs
SongMsg =0
The LEDs are all off.
SongMsg =1
LED1 is on - other LEDs are off.
SongMsg = 2
LED2 is on - other LEDs are off.
SongMsg =3
LED3 is on - other LEDs are off.

Change LED

Turn On/Off LEDs <«

e APIs and Flags
— LED_Control (ul6 LEDMode )

Turn on the corresponding LED depending on the LEDMode.

static void LED Task (wvoid)
i
for (;:)
i
FERacaive Event for "LED" function®s
05_EVENT Wait(&LED Ewent):

03 _EnterBegion();

SEEnable LED output#/s
LED Control {SongMsdg) ;

0% LeaveRegion():
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CooCox Co0OS

CooCox CoOS Kernel

CooCox CoOS is a free and open Real-time Operating System, RTOS, combined with an
adaptive task scheduling algorithm and support preemptive priority and round-robin. CoOS
supports all ARM Cortex M3 based devices for which the source code can be downloaded

from the official website.

Example Programs
TheCooCox-CoOS RTOS Kit includes several example programs for several evaluation
boards. The example programs are Ilocated on the CooCox's website:

http://www.coocox.org/CoOS.htm.

Holtek provides example code to assist with the rapid development of embedded applications
based on CoOS.

Environment Setup
e Download and install the CoOS source code.
e Download the "Holtek RTOS Package” and extract the file into any known folder.

e Select "CoOS"” under the working directory, and copy the "CoOS” folder from the "CoOS
source code installed path” to the working directory as shown below:
\ HT32Fxxxx\example\RTOS\CoOS

= ) HT32F125x_DVE
= (5 example
= ) RTOR
= ol

| Dacument
) kernel
# (5 portable
+ | EWARM
# |I5) RVHDE
+ ) FreeRTOR_6.1.1
# (5 PowerPac
# ) RTX_4.12
# (5 library

e Ensure that the "firmware library” exists under the working directory
\ HT32Fxxxx\library

= [y HT32F125x_DVE
= |5) example
= [y RTOR
=5 Co08_1.1.3
+ () Colg
# [ EWARM
# |3 R¥YMDE
# |5) FreeRTOZ 6.1.1
+ | PowerPac
# 3 RTE 412
= Tbrary
# |3 CMEIR
£ HT32F125x% Dicive
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e Open the keil project file xxxx.uvproj as shown below:
\ HT32Fxxxx\example\RTOS\CoOS \RVMDK

e The IAR project file xxxx.eww can also be found as shown below.
\ HT32Fxxxx\example\RTOS\CoOS \EWARM

The Keil environment will also be introduced in this document.

Software Setup

e Install the Keil RealView MDK-ARM. The updated evaluation version can be registered and
downloaded at the Keil website.

e Open the RTOS Demo project.

E;hn’e:l - Il?ilnnd
Bo Ed fow Bokc Fih Debog Peherds ok 505 ek teb

IS Hd . = N ) dan @ o Gdijﬁ- ~
SERHe W oRas P T

* chisccentersCopyright (C) 2040 Noltek inc. A1) rights reservedc/centersc/hi

/= Imcludes
#include "hei2f12%c.n~
Binclude <Coof. ns Fele CooCox RTOS Mesder file.

/% Private typeder
/* Private define

#dafine STH_S13L ] /4re Stack asze.
Fdefine EAIL QUEUE SIZE 4 S0 Qusue size.

G

@1 | Hdefine REY_IDLE o

G2 | Mdefine KEY_NONE x

021 | Wedefine KEY_REY1 2

0G4 | #define HEY FEYZ L]

w5

03 | fdefine QUEUE_UART ]

@7 | Hemine QUEUE_LED 1

W T #define QUENE DUZIER 2 /e rom = Husz 5 Llﬁ
e 0090909

Flod utput [ Frd i Fies | DBroveser

ULIN, Cortes Debudger

e Add the "CoOS kernel” from "CoOS” to the project as shown below:
\ HT32Fxxxx\example\RTOS\CoOS\CoOS\kernel
\ HT32Fxxxx\example\RTOS\CoOS\CoOS\portable
\ HT32Fxxxx\example\RTOS\CoOS\CoOS\portable\Keil

ar Qs Sa @A

Faphis rararredszantas i R
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v e
# (Bl 014 | Mizciuse <Cz0E. ke rils
1 () P a6
ﬂmh Hil| 7= Zrivete eypoden
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. mhose ¥ dgeane BT _S1EF N
B s o8| Auerint ~ .
|I — =
X qume a7 | do=tine KIT_TIGE Eyuram Tal
e G | #efine KLY _WONE Kiis
) wrewshes 1% | Adazine KLY KET1 Eayp
N ek 024 | #dazine KIY_KER Fepi
=0 6 |
] mere 1§ | Sdadine QUEEE_UwaT) waAET -
& ¥ | Aostine QUETR_LES 1Zp B 3
e | apsrine QUETE BT Bozzar Ll -
S0 [N Ao of
lasiamss N | T

Bk cnsois | e 117 | S

L3 Cinten D P

e For more detailed information, refer to the"CooCox CoOS User’s Guide”.
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RTOS API

Below are some of the APIs that are used in the demo. For complete information, refer to

http://www.coocox.org/CoOS.htm

e ColnitOS : Initialise CooCox CoOS.
e CoStartOS : Start a OS multitask.

e CoCreateTask : Create a task.

e CoExitTask : Delete the current running task.

e CoCreateQueue : Create a message queue.

e CoPendQueueMail : Obtain a message from the message queue.

Tasks Description with Sample Code

1. TaskO - Init_Task
e Functions

To create and define all the tasks and queues
Create "Button Task”
Create "Buzzer Task”
Create "UART Task”
Create "LED Task”

Create All
Tasks

e APIs and Flags

Init _ Task : "Init Task” identifier value

Button _ Task : "Button Task” identifier value
Buzzer _Task : "Buzzer Task” identifier value
UART _ Task : "UART Task” identifier value
LED _ Task : "LED Task” identifier value
Buzzer _ Queue : "Buzzer Task” identifier value
UART _ Queue : "UART Task” identifier value
LED _ Queue : "LED Task” identifier value

void Init_Task (void *pdata)

{

A% Create four tasks for button, buzzer, UART, and LED function L7

CoCreateTask (Button_Task, O, BUTTON TASK PRIORITY, sButton Task stk[STK SIZE-1],5TE SIZE):
CoCreateTask(Buzzer Task,0,BUZIZER_TASE PRICRITY, tBuzzer Task stk[3TE SIZE-1],5TE SIZE):
CoCreateTask (UART Task,0,UART_TASE PRICRITY, £UART Task stk[3STE SIZE-1],5TE SIZE):
CoCreateTask (LED Task,0,LED TASK PRIORITY, SLED Task stk[STK SIZE-1],3TE SIZE):

/% Create three gururs for buzzer, UAET, and LED function L7

UALRT_Queue = CoCreateQueus (UJARTQueue, MAIL QUEUE SIZE,EVENT SORT_TYPE_FIFO) ;
LED_Queue = CoCreateQueue (LEDQueue, MAIL QUEUE SIZE,EVENT SORT TYPE_FIFO);
Buzzer Queus = CoCreateQueus (Buzzergueus, MAIL QUEUE SIZE, EVENT SORT TYPE_FIFO);

A% Delete "init task" task. */
CoExitTask():
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2. Taskl - Button_Task
e Functions
— etect the key input depending on "ButtonNewStatus”
ButtonNewStatus = KEY_KEY1
Next song will be played.
ButtonNewStatus = KEY_KEY2
Previous song will be played.
If "ButtonNewStatus” has been changed, set the events of all other tasks.

Key2 Keyl

Previous Song Next Song

e APIs and Flags
— Get_button_state()
Get the current status of the key input.
— Send_Queue (u8 QueueType, ul6* QueueMessage)
Send queues that include "key state” to other tasks.

void Button Task (void *pdata)
i
SongMsg = 0;

for i::)

{
S*F et button states/
ButtonMewdtatus = Get_Button Jtate();

if (ButtonlNew3tatus !'= KEY NONE)
i
Tone = 0; //Reset Tone

A% Detect Button and select song number */7
if (ButtonNewitatus == KEY FKET1] SongHsg++:
else if (Euttonlew3tatus == EEY EEYZ) SongMsg--:

2

ZJongMsg = ZongMsg % 4:

A% Fend Queune : UVART #/

Fend_ Queues (QUETE_TART, £3onglsg) ;
A% Send Queue : LED #/

Send Queues (QUEUE_LED, &3ongMsg) ;

/* Send Queue : Buzzer */

Send Queus (QUEUE_BUZZIER, &SongMsg)
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3. Task2 - Buzzer_Task
e Functions
— Drive the buzzer depending on the event "EVENT_BUZZER”
— Select a song depending on the flag "BuzzerMsg"”
BuzzerMsg =0
Stop driving the buzzer.
BuzzerMsg = 1
Song : "Twinkle Twinkle Little Star”
BuzzerMsg = 2
Song : "Lightly Row”
BuzzerMsg =3
Song : "Here Comes the Train”

Queue
Received ?
after 50 ticks;

No

Change
Playing Song

e APIs and Flags

— Buzzer_Output (u16 SongNum)
Select which song is to be played.

void Buzzer Task (void *pdata)
{

ZtatusType resulc;

ule *BuzzerMag:

for (::)
i
JS#Recaive Queus for "huzzer"™ function#s

BuzzerlMsg = CoPendQueuelail (Buzzer gQueue, 50, eresulc)
if | result !'= E_OK)
{
if( result == E INVALID ID) printf("Invalid Queue IL:Buzzerin™);
i
else

A% Qutput song %/
Buzzer oOutput (*Buzzerlsg):
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4. Task3 - UART_Task

e Functions
— Send the song title via the UART to the PC
UARTMsg =0
Stop sending data to the PC.
UARTMsg =1
Title : "Twinkle Twinkle Little Star”
UARTMsg =2
Title : "Lightly Row”
UARTMsg =3

Title : "Here Comes the Train”

Queue
Received ?
ait forever

No

Change
“Song Title”

UART Output
e APIs and Flags

— UART _Display ( ul6 OutputMode)
Select which song title is to be shown on the PC.

void TART Task (woid *pdata)
i

StatusType result:

ulé *UTLRTMsg:

for (::)
{
S*REeceive Queus for "UART™ function*,
TARTHsy = CoFendQueusMail (DART Queue, O, &result);
if( result !'= E_OK]
i
if | result == E INVALID ID) printf("Invalid Queue ID:UARTY ™) 2
H
else
{
A#* Qutput song title#,
UART _Display (*UARTH=g) ;
H
¥
b
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5. Task4 - LED_Task

e Functions
— Switch on/off the LEDs
LEDMsg =0
The LEDs are all off.
LEDMsg =1
LED1 is on - other LEDSs are off.
LEDMsg =2
LED2 is on - other LEDSs are off.
LEDMsg =3

LED3 is on - other LEDSs are off.

Queue
Received ?
Wait forever;

No

Change LED

Turn On/Off LEDs

e APIs and Flags
— LED_Control (ul6 LEDMode )

Turn on the corresponding LED depending on the LEDMode.

void LED Task (void *pdata)
{

StatusType result;

uls *LEDM=g:

for (::)
{
F*REeceive Queus for "LED" function*,
LEDM=y = CoPendgususMail (LED Queus, 0, fresult);
if | result != E OK)
{
if ( result == E_INVALID_ID) printf("Invalid Cueues ID :LEDYn"):
H
else
{
S #Enable LED output*/
LED Control(*LEDMsg)
i
i
i
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