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[Abstract]

Recently, embedded systems have been introduced in various fields such as smart factories, industrial
drones, and medical robots. Since sensor data collection and IoT functions for machine leaming and big
data processing are essential in embedded systems, it is essential to port the operating system that is
suitable for the function requirements. However, in embedded systems, it is necessary to separate the
hard real-time system, which must process within a fixed time according to service characteristics, and
the flexible real-time system, which is more flexible in processing time. It is difficult to port the
operating system to a low-performance embedded device such as 8BIT MCU to perform simultaneous
real-time. When porting a real-time OS (RTOS) to a low-specification MCU and performing a number
of tasks, the performance of the real-time and general processing greatly deteriorates, causing a problem
of re-designing the hardware and software if a hard real-time system is required for an operating
system ported to a low-performance MCU such as an 8BIT MCU. Research on the technology that can

process real-time processing system requirements on RTOS (ported in low-performance MCU) is needed.
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I. Introduction
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II. Preliminaries

1. RTOS Porting To Avr128A

» ] croutineh
(1) deprecated_definitionsh

include

portable —— || MemMang — 4
(n] event_groupsh
) FreeRTOSh

\ [n] listh

[n] mpu_wrappersh

= croutine.c RVDS
. event_groups.c _ readmefxt
g listc
= queuac

readme.tit

tasks.c

| heap_1.c
1] portableh

[8) projdefsh

1] queueh

(1] semphrh

) StackMacrosh
|| stdintreadme
(1] taskch

[} timersh

.| heap 2c
= heap_3c
timers.c o heap Ac
) = heap 5S¢
Ll portc

1] portmacroh

Fig. 1. Free RTOS Architecture
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SAFS AREoSHL FreeRTO SConfigh ot mpdojA
CPU 235 8Mhzz 75t =8 siitt. CPU 232
71& Al7Yo2, TICK_RATEE= 1000Hz=Z, vTaskDelay
=z H7e a5ttt o] @]of port.c mpQ9] QIEIH
E HB8 A2A519tE FREE RTOSE UZE Moz
AVRE}O|H 13 ARESIAL QITH2].
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void SIG_OUTPUT_COMPARE1A(void)

__attribute__((signal,naked));
void SIG_OUTPUT_COMPARE1A(void)
{

vPortYieldFromTick(;

asm volatile ("reti");

Fig. 2. Free RTOS Timer Handler

= =eolA ARRE B
AVR128A0]0 2
port.coll Q1= Efo]nj1 #ERlp0] o] F-2 A|gt
30] avr128a9] HE] Z=4 @S golct

HE(Target Board)=
ol e mUQl iom128a.hg A

gict. 2

nE -lol'

#define TIMER1_COMPC_vect _VECTOR(24)
#define TIMER1_COMPC_vect_num 24

Fig. 3. Timer1 Compare Match Vector Number

g = eS| o]§2 FREE RTOSO] port.c oo
A alig B2 13 49 o] Rt

#define SIG_OUTPUT_COMPAREIA
TIMER1_COMPA_vect

Fig. 4. Replace Macro Name to Vector 24 In port.c File

g AFoR2 AAIETY AHHPER] EHolH19] SAfo]
Koz FAskl, FREE RTOSE F-&57] Y3t 28
S dawch E35t th4o] Bt 7152 ARSI Hal
= freertos.orgs =59 sidE= HIAAS &9l
3, FreeRTOSConfig.h ol mtdofl AJo]g]of
29| 4% o}22 A2ty e,

>
S~

jl

[eXe}
T}
A2

)

R El

2. RTOS Porting Verification And Debugging
Procedure
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Fig. 5. Signal Of 500Hz Tick_Rate

" 6 o] avrl289] UHPEAES FAxsHH

16_bit Elo]n] 7}2E] ZR|AE AHAS gholsh 4 ol
TCCRIA 27| AE9] & TCCRIA |= (1 << COM1AO);
o dsidnt.

16-bit
Timer/Counter
Register
Description

Timer/Countert

Control Register A=
TECRIA mmmm e
Read/Write RW RW RW RW RW RW RW RW

Initial Value 0 0 0 0 0 0 0 0

Timer/Counter3

Control Register A= g
. mmwmwmm Tocsah
Read/Write RW RW RW

Initial Value 0 0 0 0 0 0 0 0

* Bit 7:6 - COMnA1:0: Compare Output Mode for Channel A
* Bit5:4 - COMnB1:0: Compare Output Mode for Channel B
* Bit 3:2 - COMnC1:0: Compare Output Mode for Channel C

Fig. 6. 16-bit Timer/Count Register
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sttt FreeRTOSConfigh &1 mtdo] TICK_RATEQ]
Zupag 718 £& Ao Bagt ¢¥Zi9] gt 1000HZ
O 2 U] AL 47 AAIZE AJARI9] AJEE A

steict.

#define configUSE_IDLE_HOOK 1

#define configUSE_TICK_HOOK 0O

#define configCPU_CLOCK_HZ

((unsigned long) 8000000)

#define configTICK_ RATE_HZ ((TickType_t) 1000)
#define configMAX_PRIORITIES (4)

#define configMINIMAL_STACK_SIZE

((unsigned short) 200)

#define configTOTAL_HEAP_SIZE

((size_t ) (1500))

Fig. 7. Config Tick_Rate In FreeRTOSConfig.h File

a2 73} Z¥o] Tick_Rate_HzE 100022 AAsHICT

Fig. 9. Real Board Waveform Location
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ITII. Experiment to Real Time 0OS
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Fig. 10. Communication Specification Of DHT11
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_qqe and waits ff._
[

DHT pulls up
o Voltageand g
Keeps it for

'DHT response
|-40u)
|

[

_ Startdata
fransmission

vee =\
N

GND
MCU sends out start signal

[ DHT sends out response
SINGLE-BUS __, and pulls down voltage for 3 bivig
— -—
SIGNAL atlesst 5ms to et DT AL et A
detect the signal
Lines explanation
— =
MCU Signal DHT Signal

Fig. 11. Logic Timing Of DHT11
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Fig. 12. Correct Waveform Of DHT11
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e et Aw BAT7} Ul A2 E S5IA] 25}
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Fig. 13.

Invalid Waveform Of DHT11
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mjmE gle] JEHE S U & AT A
22 olgt o4 TS Assigh AVRE) %9 QlE]
E71 2AYst Hlo[HAIE go] QIFHE HEH9| A=
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ARg3to 2 A 71551} SHX|TE MCUZF &4 wiliE] x|Yo]
Ths ARtE, Y WA st Raprh EUsHA W

O 2% AAe] 99 Tal 8MHz shit AL
MUCOIAT: ElEf A $730l4 UAIZIAE] 2A17} A
of o] WA 4 YcH6-7),

Vector | Program
No. Address”” | Source Interrupt Definition
External Pin, Power-on Reset, Brown-out Reset,
1 $0000'" | RESET Watchdog Reset, and JTAG AVR Reset
2 $0002 INTO External Interrupt Request 0
3 $0004 INT1 External Interrupt Request 1
4 $0006 INT2 External Interrupt Request 2
5 $0008 INT3 External Interrupt Request 3
6 S000A INT4 External Interrupt Request 4
r i $000C INTS External Interrupt Request 5
8 S000E INTE External Interrupt Request 6
9 $0010 INT7 External Interrupt Request 7
10 $0012 TIMER2 COMP Timer/Counter2 Compare Match
1 80014 TIMER2 OVF Timer/Counter2 Overflow
12 50016 TIMER1 CAPT Timer/Counter1 Capture Event
I 13 50018 TIMER1 COMPA | Timer/Counter1 Compare Match A I
14 S-OOM mmoumeﬂ Compare Match B
Fig. 14. Reset And Interrupt Vectors Table
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2 =eoXe TIMERIZZS AHESHE2 AVR TofE]
A|ES]  TIMER/COUNTER  INTTERRUT ~ MASK
REGISTER (TIMSK)E &IsH}{8-10].

Bit 7 6 5 4 3 2 1 0

| ocie2 | Toie2 | TiciEr | ocier | ociEds | Tolet | oCiE0 | ToiE0 | Timsk
Read/Wiite RW  RW RW  RW RW AW RW  RW
Inital Value 0 I} 0 0 0 0 0 0

Fig. 15. Timsk Register

I3 1592 Efo]t] AlojE Y9t K| AF o]}, TIMSKO|
Al gjoli 11} & Q)= v]Ex= OCIELA, TOIE] TICIELO]
11, OCIE1A+= Output Compare Match Interrupt Enable
—eo|1l, TOIELE Overflow Interrupt Enable ZEo]ct,
TICIE1:= Input Capture Interrupt Enable Z o]t} Al
AIRE 378 AARES ALI5H7] fisto] AIRE & do] a1y
+ HiaTe 2SS AAlstaL, 2AIE ot
AEAE A9A] EFH MCU 228 Awslo] ARLS AHgst
7] g0l AXZE A2fof] W[l A7} T}, Set_real_time()
T4 AR50l Elo|m 1} pEAE QB EZF HAYSHA] ¢
L5 FRIslof it Release_real_time() &40fA= THA|
Ay N0 WE THssP SIATH1L]

void Set_real_time(
{
TIMSK = TIMSK & ~(1 << OCIE1A);
}
void Release_real_time()

{
TIMSK |= (1 << OCIE1A);
}

Fig. 16. Set/release Real_time Function

Set_real_time 3= TIMSKS] 71&0] A= HIES
WA5HR] o1 TIMSKC] OCIE1AS] HIEQF 002 AAIsH
O = Efo|tj19] AEHETE FA|5taL TFE HIEQ] 7
Qlo] L5ttt Release_real_time() &4t A
TIMER19] OCIEIAS] Lol 12 MAst thi] AAE

o] PP 4 A=E THUC,

while(1)

{
Set_real_time();
Request(;
Response();

I RH=Receive_data();
D_RH=Receive_data(;
Release_real_time(Q);

}

Fig. 17. Use Set/release Function In Main Thread

I3 173 Zo] BjAT 3H & Set_real_time2] AR
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Fig. 18. Test Application Result
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IV. Conclusions
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