Proceedings of the 11*
KACC, October 1996

A AR FY Ao A2 2] 7)) 2 A
Development of Object Oriented Computer Aided Control Systems Design Package

° ookm%*7

uha) -

*R1 &) B A58} -F 8 7} (Tel: (032)860-7713; Fax:(032)873-4386; E-mail: {ygkgwg,jhyun}@rcsl.inha.ac.kr)

Abstract Object-oriented programming goes on increasing in many areas, as its advantages of flexibility and ease of maintenance

have been recognized. As in usual programmings, the productivity and flexibility of CACSD package can be improved by adopting

object-oriented programming. This paper describes our efforts to implement an OO-CACSD(object Oriented CACSD) package for

control system design and simulation.

Since the proposed OO-CACSD is based on the modularity, portability, resualbility, and

matrix-oriented data structure, a control system can be not only modeled and simulated but also maintained easily.

Keywords Computer-Aided Control System Design, Object-oriented Programming, Control System, Computer Simulation, Modeling

L HE
Fie) 4] 7171 B2 AW Bt oeshA R g 2
71&e) AA"E ME AR AY AV1ES FE3te 207 FA
ot BZ A& MRS D& B H 45E A
243 AFe FE Ao Ala" xRk (CACSD: Computer-
Aided Control System Design) =] 7] x| 7} d&] A}&=c}. 3%
TR T DR A 2YE HAAsked AelA BN EF
CACSD W77 2 AH4AEe) T §72 AZA7)A 2@
o 28N A S FEEokel wEl gEd FH2 U o
Utk o) 2 A3 ztzte) A A el FH T2 o] EA)
82 @3 HANAER G s o) ALEH T QUTH8]. #
A" dAle] £2 AMRE 2 e CACSD 7| A8 49a
A CTRL-C(Systems Control Technology), EASY5(Boeing Com-
puter Services Company), MATLAB(Math Works Inc.}, MA-
TRIXx(Integrated Systems Inc.), Simmon(SSPA Systems) o]
9ok,
CACSD H 71 A E Fo Al MATLABS AR ENA L Wo] &
BHA Ads WA R ok, MATLABS 3 & (Matrix)& 7|23 =
29 992 A8, M-5¥ (macro file)o] 2 T2 & AME-3t4
shrte] § 8 3ty M-std 8 P TohH6]. MATLABS o} &3
N NS Ageold AL BAss Z2ade g4 oy
g9t 2 54O Ad) Fouel A2 FHAE 49 W5 E
WM ol TN T Z2IY nEeE A WET AW AIeE R
Fol Zgsloiath N2 THHE doe) RES] $5UE
Hreld 2 293 AT SHAE $45S A WS 2)
Yl A5 o) U7l w o, MATLABL 2 R4 8 2 E (¥4 &
B AN AYE BUY she REA o $9THE e AR} ook,
R Al Bold HAANES AAAL ANEHE Al EH o
A stAV B4 d MATLAB3} o] o4 E 71822 of9WA
Zgol AR EX w2t RES 32, 2442 REL £33 XL
222y (SPP:Structured Procedual Programming) ‘¢4 &2 3}
BEt. F42 7oz RER P 22392 =Y 8285
5o 58S T o] £ANo2 A4H B, oA H4 1
ZEIYS WA A 2YE BRI 7F o2l S0 AR ) A 29
A8 e AW EYsiol ¥ U Atk 222 YT X2 IYo)
A sich sitiehs 298 O Aade] 2L 277} 3748 A
YA el M e 502 A AFAE 22 Y
2ol Bol A71A Aok AR S BY AW AEo) M2 E 7]
$& FASAU B0 N5 £AS) RAY F S AT PR

of

41

IAE 2Pl o AXY Eol7be Aol 71H¢ ol Ao}
82 7 SPP o dojME 2 g7k A @ Aty 287t Ay
2 ol2olA)A] ¥ HY \?j-’?—(Global Variable) & @o] o] £3}7]
fEoll ZETe] AYE7) FolAA At 53 b2 REQ] 2E
AR FAIes AE AT ojg= 3 2E 2 )59
BRE A8 3 & 255 9ol HFHo) gL RES
T HAEs o HAYE A Raydtisu 493 Fu st
MR R

J2v A& E 2% AU AlEFolA sl oYL
248 o] AAA % =g 2 Y (O0P:Object-Oriented Program-
ming) el wel A AYE e Jjsde 258t o] & vt
Fog ZIOYPL A4S ¥, Dc‘ﬁi HEolN TROYS
ZYEE HoR T2IRS MYIINA 2ELY) AYEE HE 5
Atk P X Alagel M2 $ 7]“*9‘ F7tg o vjc} o) m] Jhurd
222 ANARQ £ glo] FH FETY Pz LT

He A ALY 5 UATH2(5]. B Z2oY #F0g Y S
Fob7kal A OOP A1) o] A4 s T84 2 ofg 71A] Woll A
AL 7R 2 YY) o Foll, OOP3A & ] A3e Al &3 CACSD
7)1 A Eol Qﬁﬂq[‘i]

2 =% 532 OO0P ¥4 & CACSD # 7| X o] =4] 3 24 5] =)
%4 Ao} A 29 ¢ 231(00-CACSD: Object Oriented-CACSD)
= 7} Q1 CEMTool(Control Engineering Mathmatics Tool)& 7}
Wate] ALEHOR T AFLEE Tl AlAR A 7T
& GEela APHY LS Foled Ad. =E9 Hubio)
A= O0-CACSD #7172 Aol F4& ol F= /Mg Eel disi A
71 &8, FW ol A= CEMToole] 78 wyof thsl 4 N &3ta,
FutRo) M= CEMToolZ2 a4 H oA T2 73 & MATLAB] A
2hg st 22 3 ) v 2o

2. OO-CACSDe 7|# 84

2.1 X F3}(Modularity)

OOP & A 78| 72
A %z AEY ARG BF AAS $402 ANL ok 2
WrHoR ASHE S4S Y EE UMD A2 883t
oE mEol A YIe] ARE AEEHE e B

223 2EY SHE) Y 2T A AG AAZ
AYE ol 7o) A7) o) AA UM ARE P2
o] 7bs3ldk. 19 12 SPPe} OOPe) zt 2 57t A& &

A AR RS A E AL g3



Call
p 2 — N S
Procedure-1 | T 70, | Procedure-2 Object-1 Send Object-2
Algorithm Feceive Algoritha Attributes | Messagel Attributes
parameters | — % paramsters
A Methods Mathods
Retum : Mt M12 M1, M2
L —
. 4
"E o
BRI N P
=8 3 s
8z 2i 2 g
i (] Attributes
Procedure-3 : 1
<« Methode
Algoritha 3%, M32
parameters
SPP receive and return parameters OOP receive and send messages

19 1: SPP9} OOP9] A% &4 vy,
Fig. 1 Comparison of SPP and OOP approach.

ul 23 Zojtl. 9F 1H S SPPojA TRAA O E ZEAIRE
328 uf o7 ¥ =(Parameter) & ¥3) A5 & F2 ¢ Fxo| o
QEZ I¢2 00PN A7t oAANE FRUHFOE AR E
Agste ol REF I e A& vE Ao v
A Aol atA Aot bz $E5-2 Ao H4 oAt Yol
o) Z1 & oA Ao M F&3e). 2 2R A Alolol A A
= oAAE AL FEste TFAEQ SR e 08T
W AR A2 Hae] OOP 2= A2 & 253} 3t £48 ¢
A3 A AZEEHS 2EF I FEeof ¥ dfME AT
A Yo T g o] AR THE TE 1 Qo] AHHA =
2ol 3t

2.2 ]34 (Portability)

gERe) Agdold MAASS AN T $Ho2 22 S
S99 AT PAL TP B 24 G A5 95
Eogyog fasted 4YE AT 2uFHH FIE T E
W e AEE oal A AN Sas ok 87 e FRLEET
AR A DRk WO C++ TE AHA o TraPL
7 o] BEoU AW IEE A B FYHAT S

A7t C++Qol & Wl = B AIZE Bujof & A ARE O
AR sAY Al EH ol B § % ol s A3 &
ol dYgol "k 22 FARYAA TVEAYN AP A== T
ZF) FFHEHAT TEH A

AT AR}t A REE ARY o] AYRT Al
A Hx Bt HE EES HEU, 54U EES EE
AH7E A2 A2 A @ Aok ARt EES
DE o By A2 ES 8 FEE A A3 Vg EEo] 4Y
s 92 EFo 7N Y= IFUE £y A o2
P EEE FH3E EFT AV BF2 AEE Eo)EA Hrh
oz o] Adgoioty AFEHAAN THE EE AT
Qo o)7]F9 AFEHAMT EEE FRAY # Atk AAFE
EdESF AR SASNZ ARY F a7t EEHS
OO-CACSD #H 71N & o3 71Fe] %Fo] AT dox glod
ok 9x] EZ 7|9 gzbe] FFHE 71Fe) o4 ok AiAY
NA Y FFHoll FUH EFol AW HER EF FEAMY <
A8z 33 & A g Folof Tt

2.3 ¥ ¥ F4 (Matriz-based)?] AR +=

22 CACSD #7A9 25 B wio3zE MATLAB)
A AR EE BY ®y|FAo YurstE o] Yt T ER V&Y

442

CACSD #) 7| x| of] 9} &8 AL &AL gl A BH-& YA 2 74x] & O0-
CACSD M 7] ] &= 7) Z=2] CACSD = 7] &} A}&-z}o]l A T2 8 =3}
Z a7aA 43 g7 OOP W Ang ARy &= Y=L
i8],

2.4 GUI(Graphic User Interface) 373

A2doe] oS SsA T F}FHASLE o]& B A A
EdolA & T2 g ALPdE A FER e ALAE
g2 722 oy 2 &7 =kl @3tk OOP W4 & 243}
= CACSD H71X 2 A2 & A gdold 3tAY 23 gy
G ZzaAY BFE AAAE NGE NYEST AR 2
MNEL2HY AAZE A7) 8 & AEE 29457 44 87
gaste. o]8 3 O0-CACSD # 7)Ao Mg 98] ofeh o 22
W2 OO-CACSD 71 2| 9] AL-&AF £hF o2 A 7tAokg w3
A 540 € £ A3

W2 AFEE A FA 02 A= 3 (Window)ol] 283 3 7
o 23 ~(Parent Class)9} 4] S 2(Child Class) Alo] 2] 4<%
BAE BAH Fo3 T2 7T WS Ao} ASAAE 9
37 A e, = 2 Ao HY IR E EHY uE IEF
HAE 4 dojof $toh. e A F7HA A" FP A2 =Yk =
5 (Drag&Drop)& o] £3589 A & S 29k A% AAE 9
FE o) 7hes ok gt

3. CEMTool #7]x]2] &3

CEMTool& C++ iz ZAdHoev F 2y el 9
45,000 2}9) A o) 7 Windows NT 2} Windows 950 A £ 23l %
= A 59 ®] 9}l CEMTool2 A v} Y202 5o gt
s A2 AR JEY A, UE ¥ 2oluee, Ande g EF
AN, UF Az F2 AJARZORE oA Yt

3.1 UY¥ A *F=X

CEMToole] Y ¥ A8 72 Fo A 71 & 72+ A4 (Real) 9t £3
4 (String) o] o}, A 4= C Aol 2] double(8byte) ¥3} =7] 7} 711,
Aol A & Fae C 2199 char(lbyte) & 22 ANE 71A
o, ZAEL d¥E U T 7271 FAGolth. EXYE S A9
Al whet Z7)7F MR Ao gt R v Rt 8
At B A4 (Complex)= Al 4% (Real Number) 9} & 43 (Image
Number)2 Yo ztzt 3 ¥ o] d4g Fxoch. PE9
A2 (Element) s A4, B2, £2449, 89 F 3tUg Fxzdd.
MATLAB3} = €8], 8o 382 42 7MA &= A 22 27|
F2 AE +ZE M8 £ ded, st 33 Qe (s &7
M2 g2 g Y285 713 & A @ 28 2= C
doje) F2A (struct) 9} vl 233 8w L2 E 2o A w7 A
U 8248 ¢ Aok oy T AR F27F MR = ol F S A E AR
el o) LAY & uf JEY Yy T HFo FYo)
TZE e 493 HASA d & £ U

ARE AFe= 2o AY A4, A1 Y ¥4 (Local Variable),
A2 HE HolBZ ro Aty 2 Fx). A AF HolE
S xzayo Aztg o ggse] ZFa L) Ty gRAA B
AT ARE B AHEHA, (Y A, HolE2 Y A
TE X g5t A3 " o RS AT g dleld w7l
A HE 55 gojud HolBo] 2AHER A AN REE
Aggich ZU A WE Holg FH LY FAHAES AFsd
A&-H T}



e Classmodule g
§ Class ol :

-
=) m

!“’”“"""l

[ Giobalvariable |
table

Global-function
fabls

I

L

|

[ Tokenana!yzer&execuior )

Mona and |
[dalaoor?v.urmn

nrq-‘
dala

[ Fucton

TR

Image data
Comral ] Deex ace)

message |

2% 2: CEMTool9] #, W5, S A Hlo]8 2,
Fig. 2 Function, variable, and class table structure of CEMTool.
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reset.m
% Reset counter register.
function reset(void)
counter_reg=0;

increment.m

% Increase counter register.
function result = increment(void)
counter_reg=counter_reg+1;
result=1;

decrement.m

% Decrease counter register while greater than zero.
function result = decrement(void)
if(counter_reg>0)
counter_reg=counter_reg-1;
result=1;
else
result=0;
end

main.m

% main routine
counter_reg=0;
reset(0);
increment(0);

% Make variable that used in counter.
% Initialize counter.
% Count one.

counter.class

private:
counter_reg=0;
public:
function reset(void) /Reset counter register.
counter_reg=0
end

function increment(void) //Increase counter register.
counter_reg=counter_reg+1
end

function decrement(void) //Decrease counter register.
if(counter_reg>0)
counter_reg=counter_reg-1
return 1
else
return 0
end
end

main.cem

//main routine

class counter old_counter
old_counter.reset(0)
old_counter.increment{0)

// Define counter class.
// Initialize counter.
// Count one.

1Y 4: MATLABo 2 z4 3 Counter o A).
Fig. 4 Counter sample in MATLAB.
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Fig. 5 Counter sample in CEMTool.
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