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Applying Design Pattern & Refactoring on Implementing RTOS for
the Small Educational Multi-Joint Robot
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Abstract The traditional small educational multi-joint robots were developed on firmware. In these system's
case, we cann't give a chance to educate good practices due on executing just robot's simple movements. But it
may be possible for RTOS to control the elaborate movement of the robot with assembling each part on
firmware. With this RTOS, we can enhance the efficiency of robot's movements, but too difficult to use the
education as increasing the complexity of robot system. To solve the problem, we apply with Design pattern
and Refactoring for the Education. Applying robot's design with Design pattern and Refactoring. There may be
easily understand what and how to design RTOS for any level ones. We may easily change/upgrade RTOS for
new system with this approach. This paper mentions to design RTOS with Design patterns and to apply RTOS's
source code with Refactoring.

Key Words : A1 #|€l(Desgin Pattern), 2]2 &% (Refactoring), RTOS(Real-Time Operating System),
thd 2 5(Multi-Joint Robot), 148 &3 (Education Robot)
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Implementor

+ Operation( ) @ vold + Operationimpi ) * void

Concreateimplementor

RefinedAbstraction

+ Operationimp( ) : void

B A= R = =3 P 1) =5 e
Fig. 1. Structure of Bridge pattern
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F << fnterface ==
Subject F cximtetace »>
Observer
+ RegisterObserver( ) : vold
+ RemoveQbserver( ) void + Update( ) :void
+ NotifyObserversy ) void Fay

L |
| 1
| 1

|

ConcreateSubject

=]

ConcreateObserver

+ ReaglsterObserver] ) void
+ RemaveOhserver{ ) @ void
+ MNotifyObservars( ) void
# SeiState( ) void

# GetState( ) :void

+ Update( ) void

ad 2. AW " &
Fig. 2. Structure of Observer pattern
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+ Request( ) woid + SpecificRequest( ) : vaid
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Fig. 3. Structure of Adapter pattern
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Replace Magic Number with Symbolic Constant™
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Fig. 4. Bridge pattern applied to RTOS
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Fig. 5. Observer pattern applied to RTOS
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Extract Method, Remove Control Flag, Move Method,
Replace Magic Number with Symbo]ic Constant ©]t}.
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A2 Fe] Av]el #Rle] ltth Extract Method&
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Table 1. Checlist of line number in function

stelel s #olE el
Task.c TaskCreate 20
DIOSStart 15
DIOSInit 11
DIOS_Scheduler 60

oyt WS FalA oy Y FollA Extract

Mehtod& 3 dids Zofdltt.
Remove Control Flag= €71 BOOL ¥57} Z1EE
FH1 JTE st BT = A9 break E return
o2 giilste= Aotk Ax A7 ¥+ & BOOLY
tﬂ?olq SFE SOl AUl ol /‘}35]~ BOOL
@ HFE Zoba] o] & AANE o]
¥ 20 skrje] EE Wi A3 g AEE ALESte] &
B2 W7t Bol AME e FE Fohyjal o 7)4\% 2]
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Table 2. Checklist of flag variable in function

selelg Aol e
DIOS.c Taskl 0
Task2 0
Task3 0
CheckDIOS 1

¥ 3. 3 & W gE
Table 3. Assoc1at10n list of function call

selo)g ool s sEo | oo
3

Timer.c DIOS_Scheduler PopRdyQue o0
DIOS_Scheduler PushRdyQue )
DIOS_Scheduler PopWaitQue 0

Replace Magic Number with Symbolic Constant~
A2 solgl ov] gl e BAR Asek oy
o] alslo] Aol wERelZ A2 @ T
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FEE (1 << CS02) | (1 << CS0D) | (1 << CS00)* o]
A gHAER Thesit.

A gAH|

1
48 gHAAZ L TE Ao F Atmegal 2835 AlA
Atmega®36E AR 271¢] wio|ARAES
£ 7ML vk 28 al 45 ko R 259t ATt
;ﬁ'ﬂﬂ‘ﬂ AP EAE A & 7 JEF Hol itk
Apo| =AM 27071 o] x5, v WEFe] 7]
715 BA & ¢ Qi E=gk v 3706 o] AR
T 18709 MEREEE AREgth Aol E 9

8 LR} ALE L,

otk
o

o

2. BejA sl A&

2% gad 2 o= Sensor ZEY BodyRERE T
A=o] glt}. SensorModuled| A= AlA o] HolE k&
744 ¢} BodyModule 2 Hlo]E]2 H%3kA] @y 28 7
£ SensorModule®] BodyEE=Z H|o|H S AEdl= =
=5 s ol

- 220 -



A% HA AE & BlNEY A8

while(1) {
PutChar('S’);
_delay_ms(DELAY_UART);
distance = GetDistance(pluse_end_front);
PutChar('F’);
_delay_ms(DELAY_UART);
Putl6Dec(distance);
_delay_ms(DELAY_UART);
distance = GetDistance(pluse_end_left);
PutChar('L’);
_delay_ms(DELAY_UART);
Put16Dec(distance);
_delay_ms(DELAY_UART);
distance = GetDistance(pluse_end_right);
PutChar('R’);
_delay_ms(DELAY_UART);
Putl6Dec(distance);
_delay_ms(DELAY_UART);
distance = GetDistance(pluse_end_back);
PutChar('B’);
_delay_ms(DELAY_UART);
Putl6Dec(distance);
_delay_ms(DELAY_UART);

}

% 7. SensorModuleoA BEx|o& -3
Fig. 7. Implementation of the Bridge pattern
SensorModule

in

SensorModule®l A d]o]E|E HW™ BodyModuledl
A SIS diol"E allAlste] dioly #hs FEaofst
t}. 19 82 SensorModuledl| 4] Edl glo|HE A 8l=

mse] 9ol

while(1) {
INTRUi=0,j =0
INT8U fun = 0;

INTSU sDatal4];
INTSS rdata;
while(1) {
rdata = GetCharMCU();
if(rdata == 'S’)
break;
)
fori = 0; 1 < 6; i++) {
forG = 0, j <5 j++) {
rdata = GetCharMCU();
ifG == 0)
fun = rdata;
else
sDatalj—1] = rdata;
}
SeonsorSelect(fun,sData);
)
OSTimeDly(500);
}

718 8. BodyModuleol|A] BE|A el &
Fig. 8. Implementation of the Bridge pattern
BodyModule
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while(1) {
DDRC=0xff;//YXECx= RE #& £8oz 44
PORTC=0x00;
_delay_ms(2);
DDRC=0x{f;//YXEC= EE #AS &80z 44
PORTC= BIT4 | BIT3 | BIT2 | BIT1;
_delay_us(6);
DDRC=0xff;//EECE RE ¥& F¥o7 A%
PORTC=0x00;
_delay_us(500);
DDRC=0x00; /98 A7
for(start = 0; start < 1900 ; start++) {
_getPortC = PING;
if((_getPortC & BIT1) == BIT1) {
Send(start); }
if((_getPortC & BIT2) == BIT2) {
Send(start); }
if((_getPortC & BIT3) == BIT3) {
Send(start); }
if(_getPortC & BIT4) == BIT4) {
Send(start); }
_delay_us(10);
}
18 9. Sensorol A FAH S 3
Fig. 9. Implementation of the Observer pattern
in Sensor
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inline void MotorSendAdapter(INT16U data) {

¥ 5. Alo] ZY 2 AA
Table 5. Remove Control Flag

if(data != g_oldMotorDelay) { e R
INTSUi = 0; {NTZ%L CheckDIOS()
g,motorCount =0 // 002 %7 ]i]' DIOS_TCB #pTCB;
Putl6Dec(data); pTCB = g pTCBPoolHeder;
forG = 0; 1 < 18 5 i++) { %%E%U SulinCo: 0; .
g_delay_motor[i] = data - motor_revision[il; W BOOL tiesthailtrllé - FALSE;
} while(pTCB != NULL)
g MotorDelay = data; %! {
sum += pTCB->nTCBUse/pTCB->nTCBCycle;
) 4
gl pTCB = pTCB->pTCBNext;
} taskCount++;
if(taskCount * (pow(2, 1/taskCount) - 1) + sum >= 0)
= = retValue = TRUE;
719 10. Motoroll A of9E i 2 return retValue;
Fig. 10. Implementation of the Adapter pattern }
in Motor
INT8U CheckDIOS()
{
5. Extract Method #-& DIOS_TCB  #pTCB;
— _ - == pTCB = g_pTCBPoolHeder;
¥ 4+ Extract MethodE AFg-8to] HAEE F&3H INTI6U sum = 0;
e by e o _ INT8U taskCount = 0;
Bolt) o2y WAre EXo] BHs Soi} AT =] while(pTCB 1= NULL)
{
Edoje] Bxtado] ZojETh 3t 7|5 FE5S &Y 73 sum += pTCB->nTCBUse/pTCB->nTCBCycle;
- B . ff— pTCB = pTCB->pTCBNext;
5,‘— 9\)\01 5-‘/]751§]7}- 7]’6‘?5]']:]'_ taskCount++;
}
if(taskCount * (pow(2, 1/taskCount) ~ 1) + sum >= 0)
_ return TRUE;
¥ 4. WA= AA return FALSE;
Table 4. Extract Method )
DIOS_API ERROR TaskCreate(void (xtask)(void *pd), void *pdata,
DIOS_STK #ptos,INT16U cycle, INT16U use) {
DIOS_STK  s#psp; INTSU err, i; 7. Move Method Zﬂ'%
psp = (DIOS_STK #*)DIOS_TaskStkInit(task, pdata, ptos);
err = DIOS_TCBInit(psp, (DIOS_STK #)0, cycle, use); hvA o J)|Fo . ol
S (ear — NO.BRR) | ¥ 62 7€YY Timercol Y& PopRdyQue,
ENTER_CRITICAL(); 3 3 ANEE A
H —_
i fr 0. < DIOS_TASK MAX: §+4) PushRdyQue, PopWaitQue, PushWaitQue ™AZ=E Al
73 ‘{f(S-DIOS-READY-Q[l == NULL) f-o] W3 Task.c® Move Method & Zlo]th wWA=
A _ .
SDIOSFEADY.QH = usi | 5 g7 ;o] A wolw ARy S EAn
}
EXIT_CRITICAL(); DIOS_Scheduler();
} i 6. M= o)F
Jreturn (err);
) Table 6. Move Method
DIOS_API ERROR TaskCreate(void (xtask)(void *pd), void *pdata, W Timer.c
DIOS_STK #ptos,INT16U cycle, INT16U use) { DIOS_TCB *PopRdyQue();
DIOS_STK  #psp; INT8U err; 73 | void PushRdyQue(DIOS_TCB #pData);
psp = (DIOS_STK #)DIOS_TaskStkInit(task, pdata, ptos); = DIOS_TCB *PopWaitQue();
Ll err = DIOS_TCBInit(psp, (DIOS_STK #)0, cycle, use); = | void PushWaitQue(DIOS_TCB *pData);
P if (err == NO_ERR) {
ENTER_CRITICAL();
z PushRdyQue(g_pTCBPoolList->pTCBPrev); Task.c
EXIT_CRITICAL(Q); DIOS_Scheduler(); L DIOS_TCB *PopRdyQue();
’ . ZA | void PushRdyQue(DIOS_TCB #pData);
freturn (err); 5 | DIOS_TCB *PopWaitQue();
' ¥ void PushWaitQue(DIOS_TCB *pData);
6. Remove Control Flag 4-& . : .
¢ g =i 8. Replace Magic Number with Symbolic

¥ 5% Remove Control Flags AF&-3le] =29 Zg
I WASE AT 22| EAdo]l FolE7] Wi

o ole®=7} Eobd fFARTFE GA & 5 Stk

Constant &
X 72 45R Ho e EAE Replace Magic
Number with Symbolic ConstantZ AF&-3}o] F2}3} A]
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Table 7. Replace Magic Number with Symbolic
Constant
HMAA | TCCRO = 0x07;
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