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A Study on the Algorithm for Digital Control System with
Computer Interruption and its Simulation
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Abstract - The digital computer control systems which are used in time sharing
control or remote control may experience intermittent interruptions. Further it can be
made unstable by the intermittent interruptions of a control computer. This paper
presents a mathematical model with intermittent computer interruptions and an unstable
output response through simulation. Also it presents to improve the control quality
using extrapolation method in interrupt synchronizing feedback path.

Key Words : Interrupt, t] 2| &4 &5} o] 28, oy 7y

AR <)

LM B FAlof) glow] F3] oA HAFHEF AHojAid
of Agstee ALz AHelrl dASA 27sle
A zwe] AMolg fate] HAc)E ohtEa A AL AdYE 5 gls ¥ oz 2ol sbse
0]7] % Algslgi ot ulola g A7 Aubs Fael FAgE AR E HErt shsstAl 9
o] vlolaz HIEsl FL3bA AR =3 A [1~4]
2 o] A sHlmzM £54 9 ugris} 2 dubd ez HAFE Ao Alxge AN TF
E, Auh, 7E 34 Ale] B3 ol 4kl Hutel o dlelel 423 S A3 interfaced ], FelFe
AR dAE AFEE A7z Agsta e A7l AlZE Wdeted Fe HAEAA, L2719
1o = ]S 3k o =3
T & R EEA Tk ERIRN A L . fa‘f* Qﬁf:n_fi; iﬁ’?;ﬂr 54%:01 .,
IE @ HRduE¥K BT BBuR coewm -7
“**F & B ANk K&k ERTER EIRRE (direct digital control), hierachy, supervisory £}
®% H 19914 77 230 e ez AEET glevt 43 Ao Ao
VR e 4% Unipocessord | DDCE 72 45154



BERE W 1% 63 1992%F 68

gk ARo] A4te] HaF FofME pipe-lineo]
v} multi-processorZ o] &3 #a e AxgS
Agst7 = 3t [5~7]

AE Ao A FAd WEHol E I
vtolzg ZAFE AR&e] Frbeb g4 cpug] A o]
A%l interrupte] A& W= oioksfA cpud
A A7k (idle time) ZH4E $3 4&9 A}
of A% wl S A A& g A4 Az,
A HqeRel HelE 3k AE, AFY 71dAA
T-% (direct memory access) 53 %to| t}okg &
=24 Ago| 5 9w AAH 9‘14 5~8]

aehvh g Ale] A A o] Zojx) &
e dAeld Fr] F84 2—}"301] slaf A2 ¢
A FH7E LAV, WA Alo] AlaEedl A dlelE}
AemF A4 ohAolre us] d4oz dejet
Ago] Frbsl= HS, ARG Adlo] AJxwey
oful FAelA el interruptg ol s @FAzh
(time slice) o] # & 7% FolMw A2fF Huo
g Aol WA odite] Aodsmz T
FAAl Aeehs w2 $ekAd d4E U

Aoz o 4= [9~12]

ool th3hel Lin® Aehal@ Hoi<sgeld 4
£ A% SASRA dolet BHAoE Apn

o] & uwf Jurye] <tHx I o] o7 FHY A
29 o]E WYE A< 33 [9]), Rekasiusx Lin

2} 7o Ar3lell4] Lyapunoveld = spdwlg £4
2 Alx=de] qkHs] HE FE 2718 A4
i, [10] #4382 Linzl Rekasius®} 72 A3k
2742 3led deadbeatxlo] 7|oll 4 WAL 4 Q&
ol st mASA[11] o]Fe] AR
Hae AFsA gfon] w3t shie AEH F
obwb A ez Aghe] sl Afoub AL}
c},

28 zjel DMAe] 23t ofske] ArAdFE3 3
o] interruptd £ 7% #oddl wreld = b))
AZel Eob AlLsled zlgie] sojop st=2 st
o AZAgel #ghe] s ASol: hEn,

2 Feloll A4 interruptol] <J3) Aejr} WHelw o
olete] ¢j& o] AubE7] wffol Lo Fats}
7.” 3]04

& h‘{roﬂﬂ% interruptz} 9lE S Alof Al A
glo) a4 =5l BHo| slgdlxE interrupte] st
o] Abe] AF2) A|7tell M ALHE ZH-fel I A
Btz S A4ste A4dd g g ALt
interrupt7} A&l ZA$E A EHo]dEe] wlw
3 interruptel] £718l: #H3 #HE2E 53 of 7]
od ¥ 7] (extra polation) € %.9]3}e interrupte]

HEEe YN AgA X HojAaygel Wna|F A7 Aldaol o

URE GF AgAode B

2. 4FE Ao Alade S8ty 2yl

a1l e FzxE b Adle] Aawe] 3%
o ndg Fi) 9 FHL shRE shA o
T AlY AW Aagogx tga Pgo A
£4¢ 7R Yo

X=FX+Gm o))
y=HX
o] e
Ap=eT =L (SI-F)] (2)
Bp:/fe”“”Gdr
0
CP:H
t} L'e Laplaced W 88 %=3l3, T+ H4Zd

A7 £,

o Slstel ol 4be) WA WA 4 ook

Xewsny=AprXpx)+ Bemu (3)
yuor=CrXry

283 Ael7ls) B4 E4ol
Xeww-n=AcXcix,+ Beew; (4)

ur=CcXcuy+ Deex)

o] =

a1 QHEH Ao} Azade B
Fig. 1 Block diagram of computer controlled
system

a8 2 AejAxme 2es
Fig. 2 Block diagram of cotrol system

695



€)= ¥ T YKy (5)
Uik)™= PK)
olm2 o|REE Aeldd u&H 2
718} (augment) YL+ F U
Xxy=AXx + Bru
yuor=CXuxy
KXo =col{ Xpuy, Xew)

rko
b
>
3
ofN

Ap—BrDcCr BpCc
= (6
A4 [*BcCp Ac ] )
BrDc
B _[Bc
C:[CP 0]

A 3~ F FHes A8 2ok 2

2.1 FAEol Ex5tAle] HFE] HMoiAl AR
+45 g
2747 Xpold Aoz KellAel Abelst
%d% shE odalel] o)3led b3t o] THH
o},
)((1):AX(0)+B7'(0)

)Qz):AxY(o)+BV(1)
=A*Xo+ ABrw+ Bro

'K
)((KH):AAK+1)((U)+Z:__OA[BV(K-I) (7
yor=CXo
yo=CXu

:CA)((())+ .CBV(O)
T K-1
o= CA* X+ Z})CA'BHK-H) (8)

2.2 interruptAle] =515 oyl

A%el 7} 452 interrupte] = cpus A
gzl A6 & v R4 BE AALHEY HEE
stackol] pushd & slzgeldoez A=A
interrupt vertorel] ¢l&] =A% ABFeloz ¥
7] & &od interruptg 373 A7} VLD e
el e Syt Hug ojx AEH A7k Fatdl
= A zg dojeld qsix] E3la Aoy o

BE Eobs B ohe FHE A AT
& Qe zage] FHsA Faho FHAE A

Zx
=
Al Fabol sl 23A F AHold
olm Qolo] MZFa A7k No|4 interrupto] %
Asty (N-D 7R A4 525 3lez

N-1
Xin(N):)((N):AN‘XV(o)‘F IEOA[BT(NVU (9)

696

Trans KIEE, Vol. 41, No.6, JUN. 1992

Vinv—1y=Yw-n= CA" ' X0y

N-2
+ 120 CA‘B¥in-1-v

7} s)vd interrupte] NollA N+i7kA] A&
D—A(ZOH)¢) 4oz =z meutel & ‘3
Z3 A7Hgct dolebs fAT ¥ ol W
£ ZgEA] ZoA Hew

Xewsn=0 (i=0,1,2, ) (10)
rwsn=0 (i=0,1,2, )
WZ(N«-;‘):M(N—I) (Z‘:O)
mowe)=0 (i=1,2,3)
o 9o,
o] 2L A 7 8)ol i3
Xinnsy=AXinn+ Brn
:A)(m(zv)
Xin<N+2):AXm(N+1)+BT(N+U
:AXx'n(N+l).:A2Xin(N)
Xin(N+l‘):AXz‘n(N+i:1)+BV(Nfz'-l) {11)
=A'Xinn
o3 71 A Xinw) =COU Xpaw, 0} 01 B,
Vinonr = CXineny= CXn = Yoy
Vin(N+1)™= CXinnen= CAXm(N)
Vinv+y= CXx'n(N+_2): CAZXin(N)
yx'n(NH—l):CAAiX{n(N) (12)
7} =)o interrupte] £ =" cput stackel A%
9l dlolelE popstod Aol Hoz sl
interrupt-& ¥FgPE oS Hxe] gl = E A
HE] AAHow 4ystez A/D o 2 D/AS %3}
42 = Aelwd gl Asan Lk
we}
Xeivsirn=Xew) (13)

Y N+i+1) = V(N +i+1)

mln

MUN+i+0) = PUN+i+1)
o] slof deiE
X.'n(N+i+1):A)((N)+BV(N+.‘)
:14”+1‘le0) + g)A[BT(AuU
Xin(N+i+2):AX|'(N+i+l)+ BV(N+1+1)
— AV X+ 3 A"Brory

Xinxsny=AXuxr + B};(K)
K-i
=A""" KXo+ [ZOA[Br(K_” (14)



WP WL 4% 6%t 19925 6F

o] v FHL A interrupt® F7)5= H#AHEE Fo XA
. = ol skl gge]l U AR o Ads
Yinn+n= CXw) B - - . -
v e Ak ol szt FAelr] woe tuE FRE
= CA Xt Z CABro Zofof smz dneFel Ak shofob veh o
yin(N+i+1):CX(N+i+l) 7]°‘]HL\: 71]":]'6]' oé—l—‘:'/]zoi o]-x-] } %e—:‘v% °é
N L A2 ol o Z3) L. 2.3
= CAM* ' X+ 3 CA'Brow-i-n = 5 ol+ 92 7k (extra polation) & +}-&3}o
2ee o2Bch o3W 2L
k-i—
— Ak i
Yinuw = CA™ Kooy + lgo CABris-ion (15) Vinev+1)=2YintN)— Yin(y -1y
7} s, —2}’<M Yv-1

debd dsdoz odg s AFE A
o A] ~eloll 4] interrupte] FEAY weof F3H = .
de A(9)~(15% Aeshd e pol g o) Hv Al Awsh dAselh ez

y:n(N+i-1):237m(N+i—l)+ Vinn+i-2) (17)

%N o

‘L[‘ 9\)\5} y(N+z~n:§in(N+i—l) (18)
X{n(k‘l):AkH_i.X'(O)'*' éAlBV(kfl) 0] 510'1 0}: ?ﬂ'r’}'-
A el 4
1 ; ( \
t EA Kooy (16) Vinin+i-n=Yw+i-0=CopXpn+i-1)
ymm:CA""X(m g‘ CA B?’(k —n :CpApo(N+i—1)+CPBPM(N+1'—1) (19)
i , o] 57
+ZCA’XM(N)
=1 mwri-n={(CoBp~ YU imvriol)
AT, ()3 (16) % vlmsle] ¥ GAaAH o= —(CpBp) ' CoApXpin+i-1 (20)
Al A 44 7 04 =g mterrupt";j o BAE WSS ek,
> L= (=]
‘?"rj o] \_ﬂalL A :] 3w interrupte] Ab71gE A 3lol] ol interruptd] LAE EFY 4
ASols FA4e dA41 interrupte] Agol o Ao ~dle] s eyl 8 (3)FH 7
w2 gto] EAsle] o) Zo] Aol UL v o - ’
gt '
4. Algeold ¥ FENHE
3. interruptZt2a ¥I2EF
Agaleld 8 A%AEE Salamaol sla 714
interruptel] ¢]af iHAfE = AEg Zol7] Y3 A Aol 2AHeAL[13] AR A

xp(k+i) xp(k) yk)
32

cegprt

- +

a2 3 interrupted g FFA HojAlAEle] BEx
Fig. 3 Block diagram of control system which reduce interrupt effect

HRele 2UH HUA C/xIR HoAlAYL A2/ A7t AEOIM 697



Trans KIEE, Vol. 41, No.6, JUN. 1992

2ol Fag A7 Azt 23 A A= AHbzZ [ (q [0 0]
¢ st $4A7 interrupts) el A3HE ol 0 00
TE 3 interruptEAE P47 £ E 3l & 0 00
59 484 20 48 AA 2 AL B 8 0 11
Aok ol% ¥ ZEEEF 2 (el Relew A} B=| 0 C=l1 0|"
g8 A4E g 2o 0 11
(00010000 0 - 0o
-1 00
00001 0000
000001000 — L 00
00 0-10 0-1 0 0 Salama~} AdAg PIDAo] 79 88 =23 (5)
A=[0 0 0 0-1 0 0—-1 0
06000 0-10 0-1 20 output(normal)
600100100 yx) | ' "
00 0 010010 101 .
L0 0 0 0 01 0 0 1] /
ol/ i
START
~20 ! .
0] 10 20 30
Nowrmal k
operation
a8 5 Salamaz} AAE Aoizlel &
N Fig. 5 Output designed by Salama
17 e
Yes 20 output(interrupt)
nterrupt yin(k)
A3 SN TIEE Lol i
[
o =
IZEE&?%?%:
-10 —
I Interrupt —20 1 L
operation 0 10 20 30
x
§£::i::—:: 20 output(predictive)
yeo(k)
10} s
i
0 .
—~10} —
Normal
orerastion
~20 . :
o 10 20 30
END k
a8 6 £=2 394 interrupte] WA S uwio
ag 4 29E 9% 53&x %9
Fig. 4 flow chart for simulation Fig. 6 Output occured interrupt at £=2,3

698



BEPE HUE 418 65 1992%F 68

20 output(interrupt)
yin(k)
10 1
Y
ol/ i
-—10 |- —
_20 1 A
0 10 20 30
k
20 output(predictive)
yeo(k)
10} 1
/
ol )
p— 10 — —
_20 i 1
0 10 20 30
k

a3 7 /f:7 8. 9ol A interrupte| wHi3l-g who]
o

Om{»

Fig. 7 Output occured interrupt at =7, 8 9
o 019—”1 k=2,37} K=7.8 994 interrupte}
PG wle] EFHE 2y (61 (Dol 25
28 ]r (7)ol 4 interruptel]l 2Jsf %2 o] :OLE_
=l of *]iﬁﬂ"} HolA slodx]w], interrupte} 7|
St Agdse AuyE Agsde A
22 interrupt®] Aol wheb spmrlel A A2t
ol & H4fele AMzE AEsiriels b H
Wit 2R 6), ATl Aol ® Aol
A interruptehs F-3bebA bR TS Rl 2
21 (7). =g]5 interruptz} A A= g wlz ol
Hsix Reba Alzke] A DFel w24 Aol
£ of 4 sk ol4de Angs fofstd obE

b

8

=

A=

-

d\u

1) interrupt+ A& Fo8F WAy B
obd aHA g

2) BelAal Hut sheolel Aavlel] wel o
2| uhepibet,

3) interrupte} %7% &= A FHA =z} ol S
Abgstrg A A Av]ol 4] interrupte] of )

[}
o Fo 2 glou} HNr7loE FAHS
I

HAEY ZUN oA CXIW HoAAYe] ADRE AP AlROIM

~
=

AFol e dALAFHE Aofrlz 4
6}91%/(] interruptz} FAo| vl 3
ShnA Aojasmel sedeEe sae
dleld Ftoglen =g Aol A 601:
L= & interruptol F7]=w A%
7l S =]lsted A& ]‘d% 3 5}

3

g
R

Ageel g s
o] FoE
o], interrupt9} 5718 HIBHZo] odxn g
Agstmad AATlelde by A
§Lo]6;¢} ol

o2 interrupte] 771§ AlolokielEel Au
2} 1} Fl A5 obA A2 4 gl= 7hebdl
nelZe) Wi ATl AlLslolol & Ao Am
E et

#a22

ek

[1] Karl J. Astrom and Bjorn Wittenmark,
“Computer controlled systems,” Prentice-hall
Inc., 1984

[2] B.C. Kuo, “Digital control system,” Holt-
reinehard and Winston Inc., 1980

[37 Paul. Katz, “Digital control using micro-
processors,” Prentice-hall Inc., 1981

“4" Ralstonn, “Encyclopedia of computer science
and engineering,” Van norstrand reinhold,
1976

(5, 2%,
g}, 1989

[6] H. Hanselmann, “Implementation of digital

A7 A oAl aE], T =SS A

]

controllers-A survey,” automatica, Vol. 23,
No. 1, pp. 7~32, 1987

[7] Bimal K, Bose, “Microcomputer control of
power electronics and drivers,” IEEE press,
pp. 3~22, 1987

[8] M. Morris, Mano, “Computer architecture,”
Prentice-hall Inc, 1982

[9] T.S. Lin, “Computer control with interrup-
tions,” MS theis of technological institute
North Weston university, June, 1983

[10] Z.V. Rekasius, “Stability of digital control
with interruptions,” [EEE trans on aut. con,
Vol. ac-31, No. 4, pp. 356~359, April, 1986

(11 A3, “Aof-g FFE kAl o]4bx] Ao

Azdel FRE g A7lss =,

699



Vol. 36, No. 7, pp. 30~37, 1987, 7

(12] 3849 29, “#HFH 2494 A=A o
Aek AojA g dnelF Ao A&
ol 4,” 1991 FAgEHI =+, p
885~887, &k A 7|83

[13] Ahamed, I.A. Salama, “Design techniques of
digital PI and PID controller for linear dis-
crete time multivariable systems,” North

Trans KIEE, Vol. 41, No.6, JUN. 1992

-Holland, Applied digital control, pp.
149~169, 1985

[14] Graham C, Goodwin and Kwai Sang Sin,
“Adaptive filtering prediction and control,”
Prentice-hall Inc, 1984

[15] Ioan, Dore landau, “System identification
and control design,” Prentice-hall Inc, 1990

A

o I E(ERR)

1950 64 594, 1974 F9
o Fd A7 FSH Fd.
1976~83wd A i A7)

ZHM(HRE)

1965 39 1594, 199011 U3
o 2ol A7Fe} . @A
A e Ar s Aa

- /L 2.

700

T (HFHE)

1952\ 84 19348, 19843 %
B "Hr|geA F. 1986
W odEd el Ad7]gda £
L A, A W3 A
A7l geta whabad W ASAdd A



