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An overview of Delta operator systems
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Abstract: Concerning the basic theory of Delta operator systems, we give a brief overview for its latest progress.
Firstly, the background of Delta operator systems is introduced. Secondly, basic performances of Delta operator systems
and performance comparisons with traditional shift operator discrete-time systems are given subsequently. Thirdly, some
recent results on robust control, filter design, time delays and fault detection are presented for Delta operator systems.
Fourthly, some perspective researches are proposed for Delta operator systems in finite frequency and networked control.
Finally, a numerical example is given to illustrate the advantages of Delta operator systems in numerical properties at high

sampling rates.
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Fig. 1 Stability regions s-domain, J-domain and z-domain
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IR
S(ty) = [C INz(t) = Czi(t) + 22(tx) =0,

Hoh € e Rm>nv=m) S i 45T 2 4000 B, f 7
29(ty) = —Czy (te) SHT I ARG S &, WAF R LT
BIASHEIRG:

621(tk) == (All - f_llgC)zl(tk).

FEUCIERE b, Beih T HAT QG P S Deltald
11 2R GEBE G 75 A7 BRI TR P9 38 S A 0 - DR 5 A e A5
il b3z 373 {HAEDeltali -1 28 e oo i B4 i (K

3 #F5CHT 5 (Research prospects)
Delta$i-1 F 40 ] AR S P (1)1 2 A 45

25 ) 35 R PR A PRATIBICR 19 288 4 47 o1l 45 5 ) G158 A
FHAE R
3.1 AR (Finite frequency)

eI RGN Bt b, BRSOV RITE A S PR
TAEAAEZRO A T e AN BRI R
FERTIERAS 5 X3 1 o] DLV A Y, PRECR AT I
{F AL G R 51 i AN T AR (P 9, i HL L
RGAETH AT R K & 2k 2 Aae M. STk [75]1F)
FHAT AN S AR AT BRI T8 R AR S N BE 9T T I
I EREPIDE I, 7EIX 4 SCHk 1 45 H T Deltalik A 47
J# 1Y) Kalman- Yakubovié-Popov(KYP) 5| #. Sk [76]
WEFT T {EDeltalsl A 1 — MRS ] A 7R 1E S84 il 1n)
B, EHE— D HE) T Deltal® N FIKYPS | BE. STk [77)
3T T Deltads P =i 4545 6 R G AR e 1, HHER
(s GBEL RR7 7 N S UM Eti H i 5 Qi N R 3o el
Y EIR AN s 2.

BEXT e Mk Delta-1 24070 il s it vy PR Sc
R IKYPS [ BE, B R RIS A

1) A7 BR-AHEANE

_ -1 * _ -1
[(p[ A)'B @[(pI 7Bl _
I I
2) fEMFEP, Q € H,H/2Q > 0,
T
AB A B
= <0
10 ro| o

Hep: p= (2 = 1)/T, 0 € A, IHH
A:={Xe|o(\,®?)=0,0(\,P) > 0}.
TN, ERIBUEAER L P ER . AER T
Ve i= (V1 +92)/2, 9y := (U2 — 91)/2,
K1 =1 —cost, Kk, = cost}. — cost,,
Kn = cos e — 1,

LF, HF 5 M F 5y BIACERACH(|0] < 9), P9, <
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0 < 0,) FIEEH(0] > 0.
%1 Z4EMRYA

Table 1 The matrix values of =

LF TP TP+TQ
TP + TQ 2K1Q
2P TP + Telve
MF o +TeTe
TP +Te WeQ 26mQ
2P TP-T
HF @

TP-TQ 2k,Q

H] L, fEDelta®™ ¥ F 48 h T BRA 1) FT IR AR 2D,
T SR TS R EORI AR A 4% 1 AT & A
B, HirDeltadl )~ CKYPH | BRI A A GETE H
TR 2k M Deltali ¥ R G IEAREE T R 424k
LN RS,

3.2 MZfbE il (Networked control)

AR, M4 DB WA NATARE, FF5 140
IR AR R R AR, T H A 5 R A R
B~ B AL T R L IO A S AR A5 I o () iAol 7 X 4
Tl RGBT i vl L8 R A T AF ok, 24 48 il 9l
T2 IR N B AN, ) Y 25 Ak 5 R S I DG AR
SRR 22 . I AR 22 A5 I X 28 428 il 10 SRR A T 4, 9 4%
5 RS P E AR RN T 2 X 48 R e v O PR A ) R, T
KAF ) R, DX 28428 o) 3R e (1) P R sl B e, (HRAE
JA RS G N M 4 R ZE B T REVE. Tk Deltai 1 R4
RCRAE JE T R ) 2228, " mT AR W9 26 571 23011 2%
PR — AN IE M. BRI, 2B R 23 R 4
N H Deltadi ¥ 7 2 LA 57 18 7 70 ] ASRAS SR 4f
SHEATHELT S

SCHR[781TEAIAN4H T Tl Delta 1 RGTAHK IS
I MarkovianBk AR R 48 RS E I, FFEAH T
TEPHCRFE AT T I -5 Markovian Bk 28 5 25 AH < I
X IR 28545 Tl RS IR . STHR [791WF9T T M 245 il &
SRR ST KA I N it vk, 438 T —FiDelta®i
T RGP T T ) RE IR AT K A o 25 45 T R R IR
SE Pk Rl SCHR (801 4T T Deltai 1 1)y A A1 AT
2 IR 285 425 Tl ZR G RS 2 n) A SRR [8 118 )
W &5 48 Tl 2R 48 A — By A I S (1) By R B O BE )
Delta§ 54, M T A HE 25 I sE A LA, 2558 T W
285 M 55 o i, SCHR 182171 H I 28 il 2 1) J VA 0 T
Delta® 1~ ZRGe 13 g 18 5 45 il i) il

R M2 A2 T R GE PR ARIN A (1) E S KA 2
hmax = NT, HHRAFAELL T AL

0 < hy =T < NT = Dy

FE S BUEIE 5 SRR RN SE Ry, = T2y A\ N A2 I
A, A N I AE 1R AR 48 R LU B R Delta 1 &

AR
0z (ty) = Az(ty) + Bu(ty, — hy),
For 28 05 Fu(ty,) 2 N IE 2Bk 4L
u(ty—hg) =Fz(ty—hg), ¥Vt €[0T —hy,nT),
Horp FORTE 2 RN FE R 75 IR R GUR% i o T
LA ity A7 I AR I SE P Delta 851 22 45
3 (ty) = Ad(ty) + BF#(t, — hy).
ARG LUE B
0 (ty) =
Ad(ty)+ BF#(ty) — BF#(t)+ BF(ty—hy) =

(A+ BF)a(ty) — BF-T S 6(ty — iT).

i=1
R TS
Si(ty) = Api(ty) + Bu(ty),
A(t) = Ci(ty) + Du(ty),
For 2(ty) = Foa(ty), Ap— A+ BF, C=FA, D —
FB,3H
wity) = ~TF 'S° i(ty).

i:k—nk

XA ATAIIERL T A : 2 — w, 7T
k—1
w= Apz & w(tk) =-T Z Z(tl)

i=k—ny

HERT A, R T8 e R A I A ) D9 4 A A
HI RGN R ). XA A e 5Tl
A BHE IR 285 A 4758 1) 28 0 A I [ 268 3 R B S A 42 B
By IR TR AR R R AT
MM — AR R G S 2R T Ap N IETE K.
SRJEVHE S I I 25 5 AR B 55 ORAE, B /N 23
SE BT DM RS e BT

Delta 7 R4 M4 R G4 & SRR A
IRZ, BT Delta FAEM S5 R G RIS
A LAZARAE O R R FE At BB AR s . bl
AT A
4  BUEH]F (Numerical example)

VOS] R GRS R IA AR

() = [11 _02] (1) + H u(t),

y(t) = [1 1]z(t).
X b 2R 45 20 Uk AT LA 2 AE 248 N 5 S AR O 1Y
AL, MREEFRIAT = 10, 443
0.3679 0 ,BZ:[ 0 ]
0.4323
[—0.6321 0
s =

0.2325 0.1353
0
) B5 = .
0.2325 —0.8647 0.4323

zZ
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9 Y
02441 0.3329 0.3336 (21 480, I, 418 A, . DeltaSt 7 B 26 b R 16 3
- Gy VRS BEORIEFIE S (M. JEa: B DMl AR, 2005.
As — —0.7692 0 o 0 (LI Huiguang, WU Bo, LI Guoyou, et al. Basic Theory of Delta Op-
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