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Applying Design Pattern & Refactoring on Implementing RTOS I'nr
the Small Educational Multi-Joint Robot

&fg’, dsy, otey” yan”

Hyun-Seung Son, Woo-Yeol Kim, Hong-Young Ahn, Robert Young-Chul Kim

2 9 7jlEe] 228 29 EYRAL HAE olEste] AUNNct oY AA¥Y AL DoAY 29y
+ W7 dgel 285822 FEVHNE Woldnh JRu 2RE 49 R Xol RTOSE gy ciofet §3
9| se§o] 7Hsicth RTOSE HEotwl AlAge] Hfo] SolAgh SW HU4s7} gobd 8802 Age)y| oy
+ 8471 2ld old 24 HE] fE8AM & s2dAE YAl MY uEge e dAql fda g
WEYE 385t RTOSE dAstd ojv] Wi sfwe] 7igo] AHEs7] Wie] RTOSS] HE APt ohiels
oltislr] ¢Hdct 2t ot HAZ} BA0H7] whiEe] 7l&E2] RTOSE ol 88t M=f Al2se] 9L RTOS
2 W7ol goldl Aok I & =folMe dARluES Al RTOSE 478t RTOS AEef 2jWEyg
g2t

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 eclaborate 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 1o 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 Wonds : CjZ-219%l(Desgin Pattern), 2|9 % %(Refactoring), RTOS(Real-Time Operating System),
b 2% (Multi-Joint Robot), #-8-8 Z¥{(Education Robot)
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Al el delo] fojshs Falast 250 daEx
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Adsle] Qlalgh & wiolA A B2lA] ¥ (Bridge
pattern), &8 ¥ (Observer pattern), ol @] He
(Adapter pattern)el tishe] Aot Belx] fde 4
BAAY Alolg] AYEE BULSA T MEA Ao
Mzol deg v|AA oM uRE + UA=S Bt
T ABA2Y Alolef dEMol2EE 4ARIsa, 7 A
BAA]0] o]F QEMo|AE Al goRM EHE 2
Ao 29 1& Me)x fge] Fojct

8 1. 22X iE X
Fig. 1. Structure of Bridge pattern
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Fig. 3. Structure of Adapter pattern
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Extract Method= 1822 §4 #§ 4 sl& 2=
2Z}o] 3low o] # cUER vlacs] ofFE
o] YWEs] A= Fopict shis] visgie] U
7 @ 7150l Sol7k Y58 Ay ¥2AA £

Remove Control Flage ZE& #d42 94§ s
W47} 2l 29 break E retumd 94 AHREHE 2
ot} UF W& B ¥4e nee) ¥4 weln
L8 vHEol 7] W&ol AAshe} gt

Move Methodi= sl4=7} 2bale] Holgl @2yt
che @229 715 o o) AHEsa Aoy, vjAs
& 7V o] AHgstn A FdAd vad S48 7
A Q2§ vASE BED 222 o)A vise B
@ sigoz AL g AAed,

Replace Magic Number with Symbolic Constant™=
W v & e <2 e ge] oW 44E o
B 0§ F JEHIEE olF8 A& b 2AE 4
@ wHETh ZR el AHREE A FAE @
7] A7k oju] shels}r] ojgch e LE A48 B
22 o2 pc

. RTOSOIl' €| XtQI* THE1 &2
T .4'||[1\ﬁ$: ] | :
Hieh B2 S g R

(Bridge pattern), 718} A (Oberver: mm
el (Adapter pattern)o|c},

il
TH - Qi %

E_I_ B

ServoMotor

33 4, RTOSO| X488t =a2ix| mg
Fig. 4, Bridge pattern applied to RTOS
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A EE T4 vio] 2§ THYE 2e/ o &
8] AT TR MUREE ojulF A& BAglel
Holel & 44 W& & UA €k

3% 5. RTOSO| g8t Sxit e
Fig. 5. Observer pattern applied to RTOS
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Fig. 6. Adapter pattern applied to RTOS
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2l 7S5 0|8 £2AAEh Extract Method® 348
-2 §hrel 279 @¥le] 2ok Extract Method®
#4437 $15h4 H 13} o] A2 2EE SR

1, g2 22l {3 aAE
Table 1. Checlist of line number in function

el Brold gl
Taske TaskCreate 20
DIOSS5tart 15
DIOSInit 11
DIOS_Scheduler 60

ol2gt W& S o2 Hd FolM Extract
Mehtod& 3% g Zopiict,

Remove Control Flage 9€2] BOOL ¥+7} UEF
2 q9F 3= 857 3l B break %= retun
o= diishs Aol @5 £47F He 3L BOOLE
Wl @98 FoIA AAA Be] AHE-5E BOOL
& W5E FolM ol& AAE ol& A7) 99
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7} Bzt AHEE S| o] 8 AAIL retum £ 22 o
A&,

H 2. @ulel 8210 s M3 2lAE

Table 2. Checklist of flag variable in function

ol & WrolE #41 dr
DS Taskl 0
Task? 0
Task3 0
CheckDIOS 1

Move Methods £ 5+ 71 UF A5 dojg o
oA 7 =W FLUE ol Fse el ¢y
g #AE BA48l7) §lale #®39 #o] ¥ EE 84
2 AEE AHE) o ASHoE SEEE it

H 3 f+ 58 84 2j2E

Table 3. Association list of function call

Belolg Haold s34 ii

Timer.c DIOS_Scheduler PopRdyCQue oo
DICS_Scheduler PushRdyQue o0
DIOS_Scheduler | PopWaitQue | o

Replace Magic Number with Symbolic Constanti=
=AZ Hoigle g gle @& AR Ag3 df
o] steso] Aol HEDS R Aot 24
7 HEE Nss £ cdoje HZE 9ol
“<O'E B BAEE ¥ o ol 2REE 0x07 e
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4% BNSE CIEERR RTOS FEHE HE CxiQ ME & 2WEY X\

while{1) {
PutChar({'S');
_delay_ms(DELAY _UART)
distance = GetDistance{pluse_end_front);
PutChar('F');
_delay_ ms(DELAY UARTY
Putl6Decidistance);
3 _ms{DELAY _UART);
distance = GetDistance{pluse_end_left):
PutChar('L"};
_delay_ms(DELAY _UART):
Putl6Dec(distance);
_delay_ms(DELAY UART);
distance = GetDistance(pluse_end_right)
PutChar{'R"};
_delay_ms(DELAY _UART);
PutlGDec(distance);
_delay_ms(DELAY UARTY,
distance = GetDistance{pluse_end_back);
PutChar({'B')
_delay_ms(DELAY_UART);
PutléDec(distance);

: _delay_ms(DELAY _UART);

1% 7. SensorModuleOf|A] E2|X|ufjel 7#
Fig. 7. Implementation of the Bridge pattern in
SensorModule

SensorModule®l 4] Ho|E & 2l BodyModules]
M 4% dolEE 46t diojg e FEeorg
o} 1% 8& SensorModuleoll 4 ¥ dlo]E| & s4sh=
=8 gyFojr,

while(1) |
INTEUi=0,j =0
INTEU fun = O
INTEU sDatal4]
[NT8S rdata;
while(1) {
rdata = GetCharMCUL();
ifirdata == 'S’}
} breslk;
forli = (i 1 < 6 i++) {
for(j = 0; §j < 5i j#+) 4
rdata = GetCharMCU();
iffj == 0)
fun = rdata;
else
sDatalj-1] = rdata;

1
] SeonsorSelect(fun,sData);

} OS5 TimeDly(500);

% 8. BodyModuleoiM E2|xjmjE 7#
Fig. 8. Implementation of the Bridge pattern in
BodyModule

SensorModule¥ BodyModule®] E.2]=|sjgla} o]
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24 Aok

3. S5 mjE HE

Sensor7b 41§ dlo]ElE BodyModule2 dlo]HE
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HAY HEE AR A8 2 AME S
28 SensorModule®iA] BodyModuleZ dl¢|E|& HE
g+ =E da 9 29 9 AMEe dojgE
SensorModueo] Al €2lE FAHME FHE ek

while(1) {
DDRC=0xff.//*ECE R E HE S¥or 474
PORTC=0n00;
_delay_ms(2)
DDRC=0xff;//LECE P& HE oz 43
PORTC= BIT4 | BIT3 | BIT2 | BITL:
_delay_usi6);
DDRC=0xif;//LECE 2E #1& ¥z 44
PORTC=(e)
_delay_us(500);
DDRC=0x00; /99 43

for{start = () start < 1900 ; start++) {
_getPortC = PING:
ifl{_getPortC & BIT1) == BIT1) |
Send{start); |
ifi{_getPortC & BITZ) == BITZ) |
Send(start); }
ift{_getPortC & BIT3) == BIT3) |
Send{start); |
ifl{_getPortC & BIT4) == BIT4) {
Send(start); |
] _delay_us(10)

O8 9, SensorOiA S oiE 28
Fig. 9. Implementation of the Observer pattern
in Sensor
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2ol At HxofA] Folrhs M 0lE7} At
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inline void MotorSendAdapter(INT160 data) |
ifidata 1= g_oldMotorDelay) |
INT8UL = 0
gomatorCount = 0 /022 27)8
PutlGDecidata);
forli = 0; i < 1B ; i=+) |
; g delay_motor{i] = data - motar_revision[il:

g MotorDelay = data;

a8 10. MotorollM O{REl mHE &
Fig. 10. Implementation of the Adapter pattern
in Motor
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¥ 4= Extract Method& AHE-8le] fA=8 3%
HEgpolt. ojA} vjiee] BExe] 3 Foju AX
Edloje] BERAo] EojEr) £ 7% FEE =4
T o HHAr} HeEi

H 4, A= HH
Table 4, Extract Method

s DIOS_AFT ERROR TaskCrestelvoed (*taskMwoid »pdl, void =pcata,
THOES _STK sptoa INTIGL cyche, INTI6L usel |
i DIOS. ST spep INTHU e, i
psp = (DHOS_STE #IHCS._ TeskStidnititasl, pdata, ptos)
prr = DIOS_TCBInitipsp, (TIOS_STK *), oycle, usel;
if terr == NO_ERR) |
ENTER_CRITICALLY
for{i=0; 1 < DIOS_TASK MAX; i++}
if(s_DIOS_READY_QUi] == NULL)
i
s_DIOS_READY_Qfi] = pDatal
brealks:
)
EXIT_CRITICALLYE DICH_Schedubert ),
I
Ireturn lerrl
1

B DI0S AP ERROR TaskCreatedwoid (stask Wvoid +pd), void speata,
S| DIOS_STE +plesINTI6U cyele, INTIGL usel |
J:It:b_'%'!'h spap INTEU e
» (DIOS_STK «IDI0S_ TaskStkimtitask, pdata, ptosk
m- DS _TCBInitipsp, (IDIOS_STE #)0, cycle, wsel
if {err == NO_ERR) {
ENTER_CRITICALL)
PushRdyCQuelg_pTCBPoolList->pTCBPrev):
: EXIT_CRITICALLY DIOS_Scheduler!):
Iretum ferr);

6. Remove Control Flag =2

# 5= Remove Control Flag& A-8-3}a] m=e] &
2 8 s, 2=e] Be] Soi57] d&
of ol8l=7t EolA RARGE 44 & 4 Yok

E 5. Ho 3 =AH
Table 5, Remove Control Flag

BOOL retValue = FALSE;
R
mum *= pTCB->nTCBU e/ pTCB->nTCBC yele:
FICB = pTtB->pTCHNext
askCount -+
|
ifltaskCount * {pownl2, LsskCount) - 1) + sum >= 0
retValue = TRUE:
return retValue,

sum += ETCE~->nTCBUse/TCB->nTCBCycle!
pTCB = pTCB->pTCBNext:
taeskiConant ++;
I
iftaskCount * (powlZ, LiaskCount) - 1) + sum = 0)
returm TRUE:
return FALSE:

7. Move Method H&

E 62 71¥9 Timercdl %15 PopRdyQue,
PushRdyQue, PopWaitQue, PushWaitQue #|4:=& AF
$-o] Ml TaskcE Move Method § Zojt, w4
E &4 2= A94E Fola A¥dE i‘?lr}.

2 6. HME ol
Table &, Move Method

g4 || Timer.c
horiid DIEE.TCB *PoplidyQued):
v i PushRelyQuel DIOS_TCH spDatak
Iﬁ[ﬁ_’IﬂB *PopWentGhe(1:
PushWaitQue(DI0S_TCH spliatal;

58 | Task.c
DJCE- TCE »PopdyQuel i
3 PreshReyQuetDIOS_TCH *pDstal
& mua._m *PropWaitCuet );

| woid PushWaiQued DIOS_TCB spDatak

8. Replace Magic Number with Symbolic
Constant H&

# T& 42 Hel st £AE Replace Magic

Number with Symbolic Constant& A}#-3te] F2}3} Al

- 937 .
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Table 7. Replace Magic Number with Symbolic
Constant

TCCRO = Ox07;
TCCRD = {1 << CS02) | (1 << CS0D) | (1 <<

CS00)
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