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Deadbeat Control for Digital Control Systems
Using the First-Order Hold

Shigeru Urikura®

We describe a method of designing of the deadbeat control for digital control systems using

the first-order hold and show its simulation by numerical examples.

Using the first-order

hold, the rise time of response is greatly improved compared to using the zero-order hold, but
the peak time increases as a result. The use of generalized first-order hold is then considered
and it shows a better response of deadbeat control with a suitable value of multiplier . We
also show an example of control object in which the zero-order hold indicates the best dead-

beat response.
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Fig. 1. Control object using the first-order hold.

KFEEKRZHIIFEERE 4514335, 19924F 8 A20H =4

Contribution from Shimonoseki University of Fisheries, No. 1433. Received Aug. 20, 1992.
¥ AKEEA AR B SRAM 23 (Laboratry of Natural Sciences, Division of General Education, Shimonoseki

University of Fisheries).



52 JIIN

DB ERTH b, ZDV AT LHERIR
() =Acx (t) +Bcou(t) (1a)
y(B)=Ccx(t) (1b)

TRENBDDET S, ZITC, z 1 n KTTKERZ LU,
wiX AT, yEWHTHY, 72, Ac, Be, Cc %%
RIEDELITHITH 5o

WE, FUTYCTRBET ET B, AT 1 Rk —
VR oThELNRBEIDEL, kX

w1+ 2= tolb=1) ()
RT=t <(+1T, k=0,1,2, -

THzo6Nnb (ABERO—FI% Fig. 2 12R3), 22T,
ulkl i3k Y FIWETOEEDKREET

mp

uplkl=u(kT)

®

ELTWE, SHIEBLTFITHR~S 2plk] & yplk] 1200

THREEETH 5,

(1), @QR%2FHEST, EF > INEI=ET TD uplk],

zplk], yolk] OB OERIEINS,
1

oolk+11=Aozo k] +(2Bo—B: Jus k]

1

+(FBi— BoJuplk—1]

T
yD[k]:chD[k], k=0,1, 2, -

7271, upl—11=0ThD,
wlk1=z (kT), yplk1=y (&T)
AozeACT

BOZLTeAchTBC

(4a)

(4b)

(52)
(5b)

(5¢)

(5d)

(62)

(6b)

u(t)
T
B,= f; ¢4t drB,
LLTWa,
512, @R, wlkl=uplk—1]1 BIFIE, ko k
up[0] £ I BRATFIRERICEL L b TE B,
V1 N
AT xp[k+1]] [yp[k]]
\ . =A +Bpu [k]
,’, wp [1]1 N up [3] [Uu[k+1] i vplk] o
/ ! 1 1
/ ! ! 1 13
J : | ! yp[k]=cp[x”[ ]},kzo, 1,2,
/ I | i vplk]
L | | |
-7 0 T 2T 3T N4T ¢ r7L,
Fig. 2. Wave form of input made by the first- Ao —Bo+—1—31 ZBO—'LBI
AD= T BD= T
order hold. !
0 0
7 9)) ép =+ Up First- u Continuous- y
--/ Kp Order f=—=—— Time >
T -+ _ — Hold System

Fig. 3. Construction of deadbeat control systéﬁi o
(D: 1 step delayer).



k= FEBWETy FE— Ll 53

Cr=I[C¢, 0] (6c)

LEEEN TV, ZOO)RD, 1XA—NFEHN
HEROY 27 2 HRATH DS

RIZ, 7y FE— MEROBEITEICOWTHEN S,
7y FE— Ml EREERICRE 2D OT, HiIEE
HiE L DRE R AREBBZICBICEE S5 L) 2H#ET
HbhHo WIEEZBYATLHERIE, Fig. 3059 %b0T
Hbho ZIT, rZHEETHY, BAT v THEEE
2 Tn5h, Kp 3BBF A ThHY, EERELZZTE
JICHEESND, £/, FREORHTHRET 4 —F
Ny ZFFITCHY, Ty FE— MVEMEZEL0IHED D
ns,

(6) R TE S NAHIHENEDEZBEEE Go(2) & T 5,

Gote) =25
bz 14eeee + b2+ b

= zt+-an,zo— 14 +az+a; (7)

7z7EL, np=n+1 LLTwh, TOEE, Ty FE—b
BIHAPHER CEX 570121, Kp & FIZRD X ) ICHD
SN ITNIER B R,

1 1
Ko =@ ~ BiF bt Fbm ®

F=[f,fF, v fHER1QTT 9)

f:ff[/, f,-*=—a,-—Kpb,-, lzl, 2, e, Wp T“Skb%h,

az az - am 1
as Qs .
Ley: A B I (10)
anp, - O
1
TERENDBITHTH S, (2B, 8), O)XDEHIITER
2RO L)
T/, D Yy ~ORRIEIAXTEZ 6N 5,
— znp—d,,(zzb——np*(z) - (11)
F4
2L, nee(2) =zt Tt E LT,

Q: [BD’ ADBD, ey

Yo

3 —fE{b1 RE—ILFZEREW
Fv NE— MMl
1kA—IVFOBRAR@ I LT, —8{k1 kK-
B e & DT R

u@ﬁﬂm%]+aWﬂk}¥mw—1DU—kT)(m)

DORTHHANE- 2 oMb, 22T, a 3FEEHN1OT
by, 0Sas1ET5, LM, a=1ThhiF1XR
KRV RERY, a=0TIE0ORK-IVFEZR 5B,
—# b1 KA =V F2HWEBEORIBERO Y AT 275
BRIE, KDLk B,

[%M+H]=D4%wW+&mdﬂ (13a)

wplk +11] volk]
_ xplk] _
%ML—%[%MJ’k 0,1,2, (13b)
72720,
a
0 0

[24

B — [(1+a)30—731 (13d)
1

ZD LX) RHERISET 57y FE— MlBRORE D,
BiE L AREOR (7) ~ (10) 2> Tk B T72, aDE
UHELTRD L) HitENH b0 2F DRAD L) 2lR
FEOFERENME

o npT
L=ﬁfw=ﬁ (r—y)%dt (14)

FEANE LD LI a ZES,

4 % FE
¥, KDL D% 2 KREOMEHEREL S
0 —1

Gy )R T=0.8@)THr )y TR, 1
Fk— v F &AW GlERE

Ac={0 1],302[2},Cc:[10] (15)

1 .55067 —.08834}

Ap=1]0 .44939 —.3166
0 0 0
.33767
Bp,=.86233 |, Cp=1[1 0 0] (16)
1

Ehbe 8), OXLD K, FEEDHIE

Kp=2.27 (172)
F=1[0 .09687 .59930] (17b)
%T’L‘?FZ) o

Fig. 4 1, 1KHR— IV FHL00%A— FERw7Hl



54 JK

HWRISELTT » FE— Ml T 072 & EOBETH 5,
TRR— I FREZIE, 0XR— b F i ezl
T LAY BEFRESNLREE, TEBEEITRE AR
BERICH B, F7z, —BIL1KRF— NV FE a=05L
LB ADREDTEERTHD (20 ald [, 2B/NCT
BRNHR TR, WDDD a it LT I #5ko7 L #t

2L
y(@)
(a)
[©)
1 ............ ———
(b)
1 - i L t
0 1 2 -3

Fig. 4. Responses of deadbeat control systems. .
(a) Case of using the first-order hold.
(b) Case of using the zero-order hold.
(c) Case of using the generalized first-order

hold.
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Fig. 5. Graph of L vs. a.
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Fig. 6. Responses of deadbeat control systems.
(2) Case of using the first-order hold.
(b) Case of using the zero-order hold.
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