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Research Development in Preview Control Theory and Applications
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Abstract Preview control can improve control system performance by utilizing future desired or external disturbance
information. Therefore, more and more applications are seen in various real engineering fields, attracting a wide spread
attention of researchers. This article comprehensively overviews the preview control research achievement since 1960s,
and especially introduces the theoretical research progress of linear optimal preview control, linear robust preview control
and nonlinear preview control. Furthermore, the application developments of preview control in vehicle active suspension
systems, electromechanical servo systems, robots, aircraft and power generation systems are summarized. Finally, the
research achievements of the preview control are summarized, and the main problems in researches are discussed to
forecast the future development direction. The author hopes to promote the integrated development of the theory and
applications of the preview control.
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/NFRAE 22 G4 ) ) AT FARs (e pe A e R B
AKX — R0 A, P00 DL 4 o B B T AN IE H A
132 [E ] M T AT )2 R

FF Pt kA (Linear quadratic, LQ) #ig
()70 A2 ) e A 1970's B, H RT3 2 70 0%
i o E S HON e ) (R 7, DRt e I T
DL I T e s B B VO s B A T )
LQ SRR R i A [R) 2 Ab AE T8 75 2R FH A K
T, ANE AT TR R B I ) R e A
b, J&TAELRNK, 5 S FE AR I AN 1 4 R A
b, J& T BRI

O ) g b R ) 80Ut V2 I H A F0)
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() ZR GEAKAT I, 1T 5 85 D g 2 3 o A 23 o) 5%
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3) I M AR S g5, e E 2 2
R R A A 4) WEEEH TR A BhAS
Mg 33 E SRR . ARKAR B AN R 4R, T fa 3
&M TRERIAKE . HA 52 AR AR P S R PR )
R P, P& B, W 4Gt A IR
HAME.

AICH B2 A 2 W5 #H /L IEEE Transac-
tions on Automatic Control. Automatica. IEEE
Conference on Decision and Control. { H 81t 2%
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Fig.1 Traditional optimal preview control system

Y&

» RO

I 108,
B

G FCIN TR 5 AR AR RS 5 ]

z(k+1) = Az(k) + Bu(k) + Ed(k) (1)
y(k) = Cz(k) (2)

R R 2 R G

z(k+1) = Az(k) + BAu(k) + EAd(K) +
FAy*(k+1) (3)
e(k) = Cz(k) (4)

BEARKk+ 1~k + Ky WZEHARMEM E~E +
kp — 1 2T HP0E Y 2, & LS LQ 4k
HEE b PRI 2L

Ky

J = llletk + ), +l1Auk+j -1z (5)

Jj=1

K, Qe R WM FRIEERERFE, kp AT AL,
S = RiRAR IR, RAFE AL B8

Au(k) = Fzﬁ(kj) + ZFy*(J)Ay*(k + ]) +
§j&@—ﬂAﬂk+j—D (6)

K, Fy IR RBIHRE, F,, o HARHUL AT 5 AR
W, Fy 0 P0 W R s b

UL RGeS e T8 1) BAT R
B 2) I ARG i BBTIR E , HiT ] T i
RGMMALEFE; 3) 2 hl e = A TG T F 0, 1k
REFRAR VPN T, RS, BAR RS 1 —
ARG foe YT A7 SHFE) N 2 ORRE B AL AR
21257200 RS BN I B e M RS i
U SERPE RGP 3 LLERFFCRA T KiRE R
geik, L2 FRFERGUHALN B REERGE, LI
RGN — ARG, 1) SCRGEI T A2 6l 7] 7
Fetb ) ARG Ee el i, 15 DA .

AR, B, EAEMESER S T A
2 I T e R T P BT ik AR R Rl Al T
VEBS S LR A E 2 2R 2 UM ER A TR
I, R RS T ) PR A ) Al
THAFAR IR T PSR, A S8 AT R B
B R S ARCRIULAE B P RS R bR 4y
ARG RS AR, JE TR A B, SRR S
F AU, B0 (5 B A PO . LA g 2
Ziktnpd 2 pron, S g 4 PR ELGIE
A AR RS AL T 28

d(k+k, —1)~d(k+1) d(k)
yi(k+k,) ¢ ‘ ¢x—(k+1), | l

. - s | Gk k
y(k+k»,_1)>m>{ﬁé\;m P(k+1)= %ﬂﬁ u(L o (k)
Vit )

x(k)
2 FEBSHRERRS ]

Fig.2 Information fusion preview control system I
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Fig.3 Information fusion preview control system II
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Fig.4 Continuous optimal preview control system
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#(t) = Az(t) + Biw(t) + Bou(t) (1)
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Fig.5 Multiple input multiple preview time Hz preview
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DLBR g ] ) S AT IR A AT O B UL B
XZH o wmEIEA.

SCHR [46] SCHR [48—49] FFT 1) ) 8B 4 AR 2
ML AL PU L ] @ (One-side model matching
problem). M XL AL ULIE ], B 45 52 2 AT BRAL
HRBGERE Gy, Go, G, W h, FHK K € Ho,
MY Hy 3550 || T2, B

T=e*"G —GsKGy € HyN Hy, (19)

M Gy = G = T R BRI ILHE. XA B
VUG n) AR S b B H th 2 5 ad 31, 38 KRG
P N e R /N (TR U B 2k S S i) WK
SR ORI AT DG ) 45 20T 5T, SCHR [52] #3547 T
X5 E B AR, JFARAG T dne oA A dme £ 1 REAEL.
{FL R 2% b D0 AR 75 2 S A i 29 RORE B Sylvester
J7 RERIPASEL Riceati J5 %, V14 FLELIATAE, 00 H.
Riccati JJREIIERIEA RGEM. RN, 205k EET
e i3 BR O FE BT, AR TR AR e vt

A5 d5e AN AL 1R AE S B R 48 BRI R DL, fnnL
ar N RATARAE. ARER/AMIAL R RUFE R GEHT 5 K
YIRS A 2 51 36 PP SR A0 R 5t B PRV A1, 3 20
Fgi ve 2 B ERERRT AN AR RN, AR
FH R st 4 i e DA SEBIL S8 A PR, AR DR AR e W IR
25 R PR — ) R AL T RIAT U7, B AR TR
R PUE, fTAE e v SRR 3 SR BN .
UL A o e 0% 250 AR de /N 2 R G B 5 A
i, Ak, SCTHR (53] FISCHR [54] Feth T AR E
i (Preview-based stable-inversion) J5i%, 43 T
W AROR I S B 2 R 1) S K &R, A AR E 0t
TiEAEAR S /MAAL R Ge b N ARG F AT, MAEW] T
S R W UL IR ), 28 0 B RS [ BE % 18 24T
BN BRI, AZ TN R GE R AN E MR B AL
ECBCURR. TSR [55] LT I0FST T s T RS
PREATEBE 32 IR v, A s A4 {E 75 7% (Optimal
interpolation approach) & & 738 T F WA il %) 2
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R G TR R e LIRS i S ST ) 1 T
DU Hi s S A il RS /i A\ 32 A AR A5 52 2% )
A, SEARARAGAF TSR LTy ).
1.3 ZMEEMIEHMR
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Vi i) (Fixed-lag smoothing problem) 1) X} 1
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Fig.6 Generalized regulator system with

preview information
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SCHR [71]) A Hamiltonian i FE 5 E0E5T T
LQ 5 Hoo W40 0] 8 1) 48— i vk, BIEIL S
TE T REN% [ I 152 UF s it mI e Rn 1 L 42 31 14, HL
i T e BB LN ) R 4. RS, SCER [72] BIN
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FEB A, (H 20 HA BERLYE . AT 23080,
Z T B R S /ML SR R SR AR RGBT - T
DL, &4 o AT AR At ke ) o )

1.4 JEZMEFRRIZHIRT 5
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J= D My (e 5) —yl+ Dl +
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g(k+35) =2(k+j) + Pk +5)f; (k+j)-
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hy (k+7)Qy" (k +7) — h(@(k + 7)) (27)

P k+j4)=f (k+7)[Pk+j+1)+
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X ARZME R GE, bR AR T A HAT R
(K1 PEAL A BT, D0 RAE TR0 X R0 — AR 2 itk
R, BT RSB BBOK I Bl I 7 1 RO A
DUADRAIE. R 2 11 A ARG 42 ) R 0 A 5 SR L,
TS G PR AR R A TE R T 0 R4t
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e FAZITVERAR T AR L AR e K UL 128 7 ) i, AR
13 LA X A2 P HF e R 4

SN (2 A S TR o S & N =
IR TR R e vk, PR, iy b e R4
PEa ] (W Backstepping £ ShA S HISE) . B
il A LR R I Bg BEAT 2 di A, R T
PEBIAKR R 1R B2y 1.

2 FaRizH e IRIET R AR

PR 3 Y AR H AR (S BT E B 2
WX R ARG, WEMES SRS K HIohl4l.
AT LA HURM IR GE5%.

2.1 FEWHEMBRIERS

PR BIE 240 B R G b i B I WF 7 AT 50
SRR, Bender 1 UCRK TE S FULAE BN 30
BRI R B RS AR AN R L
A PRBHLB) P L8 & 1 B F AR AE. A
ARG EE Tl RS AL AR, B
HRGHL R I 73 sl B Esh B
WesheH R gL REw sl A7 il A AR J e, ok
T2 B I N S N AR AR B ORI BT T B
TERAE TR 0 b, 503 B e 15 BIAR N
My, AT R IR ROR. HARH B, s I T
BHIN T Eah&HRg N, R rs: 1)
PRI PR 28 G0 BE 5450 2 R A A1 i S s J 5 1 1 kA
RORAEERT R 2) BEMS BRAR AR S8 1012 T e T A
3) BEME YN 2 A o g P o N R EL, 34 v 2 A Y
WL 4) REMS ARG MR R GL IR D, M R RAT R A
(1P R B8 Bz B O TINA% i e 8 PR AR R
GEREFRE, PR AR IRIE R A 50 IRIE1T ) BRI 4R
VEDUMIN o A5k R R (R e B 581 81 F ik, 4R
e R G UL AE B A 5 2 S T PR

1) e i 78 22 O AR A%, R O HTHE TIUIL
(Look-ahead preview)®9=971. Hn 32k [89—92] 4
MIET V> 22— % 4RI R, SR [96—97)
M TEaEHE RS, R T AL & UL UL
o294 % A A I TR A 08 H o T4
O S5 HETIURL P R 7 ik AR IO AR B AR AN L
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2) B ATRCRANE N e R TG R, PRzl
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S PR R G R AR 1 Y FH I
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FR G T i 45 o ) 2 8 o w] AR B JE R BN e T
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Pl W5 F BT fee o UL PR 4%, RE S B8 ik
P R e 1) B PR 00101 SR P 2k s ML IR LK 2k
2 ARG RAT HOR T e e LK S LR 1k 25 R &
PRITERERR bR, AR b A& DL LA I T2 %
FRAEIN 2 R A R s A e L%, SR [111] S5
WAL T3 [ Trubo PMAC i gh %0, FIH [
A UL S D REA B, REWS A7 R R B ML I
gy, AIORYT LR S

SRS HLPL R = AR SR L, LR E 1 5
i (B OB ]) AR GE R A 58 1 AR A A
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2.3 ¥EEA
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% fih 512 3)) (Multi-contact motion) # K%
L 5 AL as N SR BR 2 —. AL s NI 2k
AR IaoM i X — 05 NZhfg, Hlnsy s 2
SR IN~P A v LR 1 B £ BA R, B A I
Pz Pyt B8 il ORI S P A A SR,
S T 4 ) i 2B L B)) g AR s B, L e N4
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Fig.7 Preview control based UAV flight control system
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