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Reduced-order time delay observer

for LTI-SISO system with uncertainties
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Abstract: This paper presents the reduced-order time delay observer (TDO) to observe the uncertainties and disturbances
in order to enhance the robustness and the capability to reject dismurbance. The order of the reference model in the closed-loop
system is determined by the relative degree of the plant but not the degree of the plant. So, the reference model is easier to be
selected with the desired specifications and the controller design is simplified. As to the general plant with relative degree r, a
low-pass filter is inserted to implement the reduced-order time delay observer. Many simulations show that the proposed
method, with good capability to suppress the uncertainties and disturbances, is a good method of robust control.
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1 3|E (Introduction)
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HF B LAY 2% 45 41 (model reference control using time
delay, MRC/TD)'®, 2 j= B v i s 7). i —
TR EERF ARk A i RAENW AT BN
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NRERERETHRBR TN TRE, RSEBFEKIH
EUEAEMAG R KENHEXLRAEHTH
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2 FGEH IR (System description)
x BT 2B K LTI-SISO AW E R &
{a‘: = Ax + Fx + Bu + D(t),
i (1)
Yy = x1.
RETR xc R, BHEA v € RL,AREHMNS
B, FRRBEFGSHAWENZ, B RIERER,
DEAR MM T, BRAESRESTM,

BEEHERFWMT 4HIER:
X1 0,1
0 In—l
x=[x,_1J,A:( Al ),B: bJ,
Xp-r On—r
0 Orl—l
F = (Fl)’ D(t) = [d(t)}- (2)
On—r

Hf, l<cr<n,n_= (x2,,%)" R (r-1)x1
BHEBE,x,_, H(n-r)x1HEFEE, A = (- a1,
Tty — an),Fl = (—fly"', —fn)jﬁ]lx ngﬁﬁr"_]ﬁf,
fisfisfilsi<n),LLiR(n-1)x(n-1)
BRPIFE, b 2 0.

AGMEHMENE 1 Fin, NEHES s 22
i r MR TLUBARBREIRE S y, B— B
Hor XT&.

ar+ f;

iﬂ|+f| |‘

Pl HIATEY 9 r 0 n A HIE R Y

Fig. | n dimension uncertain system with relative order r

3 BEMSEER S S 23R (Reduced-order

reference model and structure constraints)
MITBHERBIS AR B REE r iR S HERY
Xm = Apxm + Bne, (3)
KREBERER u FRAEREBRESHEHEARER

R
Xml — X1
e = x, — Jx = : , (4)
X — %,

WRREDS I
é = (A, + K)e. (5)
H, KRBEERBEBERE,J = (LI R rxn
HRBBIEE, c RRGENAERES . B E A
#%,182% e —0.
TE PR S 5 R TR 22 R 15 3 25 S I e 10 35 2
WF 48

0 Ir—l O'—l 0
) e (M) k2 (0)
Am b K,

(6)
e, Ay = (= amy oy —ap), Ky = (= kpyeoey =
k)AL x rETHE, b, 2 0.
Z4a4xX(1),3),4),(5),H
AnJx — JAx + B,c — JBu — JFx — JD(t) = Ke

(7)
&
u=(JB)* [AJx— JAx + B,c— JFx—JD(t)-Ke].
(8)

0,
(JB)* B rx 143 EE JB = (b 1) HIthis,

(JB)* = [(JBY'JBI-'(JB)™ = (07, 1 b7Y).
(9)
BT uRB/N_FMAE, MAREHRR, B, R
GYRM(MFAARREFE L T EAESRHEN R
B)RARK (7)), BRI AREMN
(7, - (UBY(UB)*] - (AnJx - JAx +
B.c - JFx — JD - Ke) = 0. (10)
HEX—&GE2I% BN, A fEHKBWENIRES)
SHERARS RS .
AREH, ERARGRBEX —KREM.
4 P&y B B W) 8§ (Reduced order time delay
observer)
RE)F, BT RBREAHEME IMNBTHH
- JFx — JD(¢) B4R, KA G EH. BB
FREG/PMETE L, RENTAHERER RSN TH
AR, AT LA MR e - LS BRMATT
BTZI ¢ MAEE E H R RAME T, BB WM A5 E
P SN B B B B LT 2% A
— JFx — JD(t) ~
- JFx(t - L) - JD(t - L) =

- Jx(t - L) + JAx(¢t - L) + JBu(t - L) =

- (2R (=)
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JBu(t - L). (11)

e B RIS R R St B A RS
BB AR5 B U KT % BB B kA
BT RGAETE B R SE E  SMER IR 3 . KB B M
3% 5 B R 5% — BE , M R W S M FIAM BB 41 3 —
RANEE, IS X .

B DRAR(8), 18 BI5E T K B B2 00 00 28

R H A

u=

Xr-1

o[ )

JBu(t -

(26n) (20 =h)

L _(_ g)k,-e,.]] N

u(t - L) + %[— Za,m-x,- + b,c -
i=1

20t = L) = 21+ 501 (t = L) + 3 ke ].(12)
Ko R G 2 BT (AR R, B4

Feit 2 R

B2 FEH AL A B R s 4
Reduced-order time delay observer control
system structure

Fig. 2
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Fig. 3 Equivalent structure diagram of reduced-order time
delay observer control system (error gain is zero)

5 FEMS 7 (Stability analysis)

REZHE ., 3 x, RN EZN B TS
TR TRRKEEL. REFRINTRERE,,RER
BE.

5.1 F#% IAY3E M (Stability of subsystem I)

FTRAITVRE I n - r, KREFEHR

[0 1 0 - 0
L o1 - :
S 0 o - 0
] oK
\ = @ry1-fre1 - ap—fa
(xr+l O .
EJ— e+ f)m. (13)
O i=1
\ %n 1
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Pi(s)=s""+(ap+f)s" "4t (ar+fier)-
(14)

FAEZHALE TAHBEE, B —4AX R LM
A X-KEBBEARBERENBEETUHEELZN
Kharitonov 5& #8[12) 3 4% {iF , 4% #& Kharitonov & %, A
DR TriEetes.

TE1 FRAIRREM YEXYHEA
Kharitonov ZI0H K, (s) = g,(s) + h(s),(k,1 = 1,2)
& Huwiz B . HKF, apey = 1,£501 = fas = 0, AR
gl(s) =

(ar+l +]fn+l) + (ar+3 +};'+3)52 +

(a'r+5 +.)_tn+5)s4 + 0 =

2 (a’r+l+i + ji ° min{jif_.r+l+i'ji]r+l+i}) ° si’

i=0.even
g2(s) =

{ar+l +}r+l) + (ar+3 + fr+3)52 +

(a’r+5 +7r+5)54 + =

2 (ar+l+i + ji ° maX{jif_‘r+l+i'jifr+l+i}) ° si’

hi(s) =

(ar+2 + fr+2>s + (ar+4 +jr+4>s3 +
(ar+6 +.£|+6)55 + 7t =

n-r
2 (ar+l+i + jl_l ° rnin%jl_lfr+l+r3’jl_-l r+l+i}) ° s"
i=1,0dd =

ha(s) =

(a'r+2 +[r+2)5 + (ar+4 +.fr+4)s3 +

(a'r+6 + }r+6)55 + =

-
2 (ar+l+i + jl_l : max%jl_l_r+l+i‘jl—lfr+l+i}) -5

i=1,0dd

HTFRE I WA, Bk, g
FRS 1 K585 W R 8EF A & B e Ak S 00 28 e 3L e
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5.2 FHR% I MIZEE(Stability of subsystem II )

FRENMBMBSETAREHHENIE r, EH
555

U(s) =

1 S e I
b(l—e"’“)[b"'c(s) ga,,.,Xl se X,] =
m[ me(S) - ;amjsi_le - e_’Lser] =

1 ; i-
S @)L onC(8) = 2 ams™! Y (s) -

sSY(s) + sY(s)(1 = e )] =
baC(s) - P,(s)Y(s)
b(1 - et)

Hea, P.(s) =5+ a,,,,..s"1 + > van. FEREGZIM
B EME 4(a) iR . B F R ERBRE
A, BN BOIEEEER T XFK, FRE
Ii#E—BFHCRE 4(b) IR R G, AT E2E R
Bree5SEHRHER.

+ %yym. (15)

et s, Y(s)
MG 4

i

b

(b)
B4 TRSUNNBFNEEE

Fig.4 Equivalent structure diagram of subsystem II
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1) REMHEME rEOFHDTREHE n, B
FAR% 1 BEN BT 88 W X R AT LA 55 5 B B i B
pURILE 3

) SEERHMPESTRENENHHR, BR
BE s SRR REIE IR REH

3) MREBB(a; + £) =1, r) HURER
{E AR w R G 6E 5
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6 XA r BEE LTI-SISO B/NEA &
2y B By B 7 I 30 8% 352 4 (Reduced order
time delay observer control of LTI-SISO min-
imum-phase system with relative order r )

FEANR(1), Q)RAMRG, TVHRET AL

SR HoAb 3% B/

G(s) =

be[s""+(a, + f)s" " awla+fin)]/

[s" + (@n + £)s" Vb oo 4 (@yr + fi1)s" +

(a, + £)s" a4 (ay + f1)]. (16)
FTEHRANARE S B EMAMNET n-r+1

A ZRBOTRLABSE , R UL, AT IR A BB e 3 L3 2%

AEEE BN B HRT A r B9/ LTI-SISO £ 48, M

REEEENABRHEARRPIOENR(16) WA L.

XABEARRE B B PENT .

HXTBY R r B91E R LTI-SISO B /MESL £ 4, H

1% BB LARAR N

G,(S)=b [ 4b,_,s" " taer 4 by )/

[s"+(an+fu)s" 4t (ara+fran) s +

(a, + )5 w4 (a1 + )]

17)
WMREFREG RSN RZE| A S
F(s)= [s""4(ap+f)s" e wlam+ i) ]/
(""" 4 by, s™ " 1 By,

(18)

T LA B S SCEE IR 4
G(s)=G,(s)F(s) =

bels""+(as + fi)s" et (ara+finn) ]/
[s"+(an + )" 4t (@t fonr) '+
(a, + )5 Vo + (ay + )] (19)
X 1] LA SE b B By B i O 0 245 1 A
SIABESRUE,T XIRORSERFTLE

5EXNRRELT BT L —FF . B 3T KK BB i

WP ARER EER LSH —E WL, Flin, = H]

BEH x,. WEATEZLEENRIN «.,, 7

S, REBOULARIBRAWINTFRE BELESZE

Em. EHNTEERSER, XAEFRE LR

ERERRMT MR E, IMIETFRE IR

e, XFESCHEFE e S I SR E I AR R/ 1T

BERBRENHARE Bl L HERBITESE

W 7R GE %8 /8t , B A SR 045 AR R ek o S T B s BB

I— 3k

XERAH TR —FERDE,AX
Hig B RSH#E— S BEATR.
7 & it3E B (Design example)
% 8 IO By et B AN 2R R A E B/ MEALIT B
Gp(s) = (s +s+4)/(s*+ ass’ + ays® +azs +ay).
(20)
HH, a1,a5,a3,as IATHERE,H a3, a4 >0, #5
FRESHH 1,5,10,5.
Wit ]’:
Step1 BKRTRE INWBEH, RGHNHEXTE
Hr =2 FREIHNBFEZSHN
Pi(s) = P ass + aj. (21)
BT a3,a4 > 0, FREIRT , HMEEE LM
Brat A LA AR 4 . S A I R S UL, B
FREIARE , LT RBREANR B EHIEH RE.
Step 2 RIBYERBIRIRER , BB 2R

{x”‘ = (—Ow?, - 21ch) Fm ¥ (0(1)(2)) 22

Y = Zm1-
XEB wy = lrad/s, ¢ = 0.7.
Step 3 MIEMREFHEHER, BBWRE M
WERE K. XEBNO.
Step 4 RIEA(12) , REIZ H4E
u(t) =u(t - L) — wixy — 28wox, +
wic — 23(t = L) — %3 4 %3(t = L) =
u(t - L) —x, - 1.4x5 +
c—2(t = L) — 23+ 23(¢ = L). (23)
Step 5 IEBRFARKRITIBHEE
F(s) = (s> +55s +10)/(s*> + s +4). (24)
Step 6 ZEEUATARF L, BAEH. XEE L = 0.1 8.
HREZR:
1) Ao E X REEHERHR .
BASTAHTRAERKERT UR=ZMRTHE
BFRTHHEER EXNRSUEEREEN T
i, ROk e IR F RS A RS HEK
SR . BS(ORETFRSE I A RENER,
HTRESNSIA BIMARREREBEN.
2) PLTEES.
H6RHTHRAGEEZ BT IR MEHMIE
ZTRAmapER . LRI, RERFRFHH
Tiuees.
3) WEAFNER.
70 TERTIA DA R S8 5 L
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Fig. 5 Uncertainty influence on system propery
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Fig. 7 Filter influence on system performance

8 #®iE(Conclusion)
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