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Quasi-complete control utilization finite time stable control with input
constraint

PU Ming', YUAN Jian-ying
(Automation Engineering College, Chengdu University of Information Technology, Chengdu 610225, China)

Abstract: For nonlinear systems with input constraint, it is proved that the convergence speed of state under the action
of a finite time stable controller (FTSC) is faster than that under the action of a non-FTSC at any point in state space.
Sufficient conditions in six cases are summarized to guarantee the conclusion and it is proved that these conditions are
attainable with appropriate parameter selection. Then, the definition of a complete control utilization controller (CCUC)
is proposed, and it is proved that the convergence speed under the action of the FTSC is faster than that under the action of
fast FTSC with input constraint. A series of conclusions concerning the parameter optimization are proposed to improve
the control performance. Numerical examples, simulations, figures and tables are used to illustrate the proposed theory
and make the conclusions more understandable. The proposed conclusions are fit for the improvement of nearly all kinds
of FTSC methods, such as terminal sliding mode control, adding one power integrator control and finite time stable
backstepping control.

Keywords: input constraint; finite time stable control; control utilization ratio; nonlinear control systems; terminal
sliding mode control; adding one power integrator control; finite time stable backstepping control
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~ example 3 4 FFTSC, example 4 ~ example 6 4 JF B
HFTSC. WHIIR KA T tmax = 10, 9 = 4, I3 = 2,
AR AL RS EI T B M, R 2R, H
tH: example 1 fll example 4 ][, = 0.9; example 2 Fll
example 5 ] 1, = 0.5; example 3 fll example 6 ], =
0.01. 6 M= HIZEAEH N R PIRAS th 28 4 18] 5 f s
P a0 B 6 fr s, Forh TR AHE T AR R IR Prax, 7251
i 2 A il B BBl T AR R Py FE TR HE TR AR AN AR, P
AT I T RR K, 42 i 28 ) FH 5 g BRKC.

Grir e 2. &5 A E 6 AT AN

R2 TRIBETHr FH

ko

k3

la

T1

tl/s

example 1
example 2
example 3
example 4
example 5

example 6

2.6112
3.3336
4.9580
28717
5.0000
9.8623

0.0567
0.2083
0.3108
0.0000
0.0000
0.0000

0.9000
0.5000
0.0100
0.9000
0.5000
0.0100

0.508 8
0.5556
0.663 5
0.5263
0.6667
0.9901

43149
1.0819
0.6330
3.9592
0.8000
0.404 1

4

—.— example]l
—— example?2
- example3
----- example4

A — example5
: example6

0 :\ N s L Timae N
0 0.4 0.8 1.2 1.6 2.0

5 example 1 ~ example 6 IR ZSEN T

1049
10 10
T 5 =5
- 51% | 36%
09 2 4 % 2 4
X X
(a) Tl (b) fEH2
10 10
=5 66% =5 53%
05 2 2 9% 2 4
X X
(c) T3 (d) 1H4
10 10
= 5 67% =5 99%
% 2 4 % 2 4
X X
(e) 1EWS () Hme

6 example 1 ~ example 6 35 2%

1) M5 1 A5 14541 48 240, 143 6 M FTSC Hi
H R RN T R VB wmax, W TR 1 TR LR
25 () IERf P

2) B 5 s FrtR AU ST 1) 5 5% 2 H AR 4 5K (32)
R THE TR S ST 1] 58 4 — B R Tzt X
1EH.

3) FTSC [ St (8] & /& /N F NFTSC £ 75 K11
WS T]; FTSC R4 iR 26 g 152 75 T NFTSC 1)
50 % 45 il F FH 2.

4) FEIE L1~ 1B 3 N A 1A R4 1 O
4~ FEBL 6 AN EE 2 A HEZHL, Bl 5 1o 1/, 3X 1 A
Xof HE 2 rp A R 2 g 2 T OSBRI ¢ 3 B
1 4% 0 3 AT TIE L 1, 32 TF T 30.40 %, ¢ Y/
1 85.33 %; 1 Ol 6 HHX T HE Bl 4, r R T 1 88.12 %, 1y
WNT 89.79 %.

5) KL LA DL 4 B B 1A A 1 0 2
FE IS WA S 2 AR FE AL 155 0 3 AV I 6 MM 565 3
ANKE IR A I 1o 13 B EUE & AR [F], (545
R ke /N TR0 1 ks 1X 3 IR, /N
Ko o 7 355 5 O P 428 1) ) FH 28 g AR ASE /0N BR AT SIS T
to. BN o 4 MR TR L, 3R TE T 3.44 %, ¢y ik
NT 824 %oy 1B B S FHXE TG B 2, vy #2TF T 20.00 %,
ty Yk /N T 26.06 %; 15 L 6 AH XS TG B3, T T
49.22 %, t1 98/ 1 36.16 %.

6) example 6 11, 1, = 0.01, 7E1Z M A6 F] H %K
BHIEAER T, re = 99.01 %, 8L T 100 %, Mit, =
0.404 1s, LI TP TIRE, = 20/Umax = 4/10 =
0.4 s. [RIE, $20 28 TERHIE.

7) XA B 6 AN L3 AT A, AR PR LR
lo = 0.01 &R AT /INPE AR R TE L3 i by £ 0,
BT LA B 3 FF AR ey 328 /N T 1. 3150 B e 4 92 1) ) ) 3R



1050 ECa |

5

xR ¥35%

S W 51 5 T 2 ) 45, 4

FTSC A2 A& G5 AR 5 #43
A P I EEEAS, W =

u = _x(].()l;ﬁlﬁzim‘u
_ 500'01.

8) Ml 6(a) ~ Kl 6(c) F, 42 Il 45 & A PR 1L, )
TEIRAS FEIT wo BT, P2 01 28 M 28 5 — M1 ok 55, Bl o
ol TG T B ML 6(d) ~ Bl 6(F) &, B8 PRI ) 2
il B TE BEASIRAS X 1] 35 — ™ bR 4, FT DL T B A1,
M AR FFRER (42 1) B, e 17 bR 2.

B2 IGAUEA 4585 FTSC 1 ek 1 A 3¢
ik [23]11E 9 AOPIC #% 0o it S 2 — T4 EL 2 — A
DRG = o, do = w7 RAIEE 7 A RE
A8 5E T RHRZEAR & AOPIC #% #1188 u = —1.5 x
(3% + 0.1521) /5. FIUEIRE N 21(0) = 5, 25(0) =
—3. 5 Xs 2 23 40150, FRu = —155/°
(BRI s A3 B R Si 0 HE & 5 TSMC 18 4%
THIVSTY. Af DAER 5 4 ) 25 B KA N o = — 1.5 X
(—5.4903)1/° = 2.108 7. MR A SCHE H 1 458 1%
T 1 AOPIC 2 #l # u = —2.1087(a* +
3.944 94 ) 1/100, A il 25 WS AT R GURAS 1 it
L 7 FioR.

—x

3 2.0p
E 1.50 fimprovedAOPIEbasedontheproposedconclusion
S ’ \--=-AOPIC
210t
g
S 05t

0 —— .

0 2 4 6 8 10

t/s
(a) F=iilas

2
5 0
3
]
g -2t ,
_%D —4f,/ —-aoriC
=] ! — improved AOPIC based on the proposed conclusion
) -6 . . . .

0 2 4 6 8 10

t/s
(b) BRI

--= AOPIC

4 1\~ — improved AOPIC based on the proposed conclusion
o
2t -
0 LT e—
0 2 4 6 8 10
t/s
(c) R x,
o} —
— - 7 -
1 /
]
317 -~ aopiC
4 — improved AOPIC based on the proposed conclusion
0 2 4 6 8 10
t/s
(d) W& x,

7 AOPIC 55i#t AOPIC RO HI2S \ /B4E M MRS hZk

7(a) 3 B [ 55 I (8] 36 0, 4% 5t 1) AOPIC 4 il
5 A H TRV R B, R ) A A B e D N
T 3 A S Y 10 53k AOPIC 25 i) % (v 4 425 il )
F % AOPIC) JL°F- A T B, 2 il f 48 4 3208 wpan. TE
XA ) 48 2 I T, B 7(b) ~ B 7(d) 7 M
R T EHIPERE I 2 5 B 7(b) Wi AOPIC FE A
T s YT 0 (B TE)3z8 /T iR AOPIC ¥ A THI L 84 0
(R ] 7(c) AT 7(d) H RS B0E 5 A AL
Gigu b=k

RPN L R I, AR N 2 PR )
T, IR A S 2518, O3k A FTSC 2 il 2% 34 7] LA K
T2 FBE 47 42 1) 2 110 P B, LA SR A B /0 R AL SACBRT )
Fsse PRSI0 B, (R IORFF T FTSC A R (] Wi si
TEHR B8 RE— RIS 5 —J7 1, @ idx
PN 7 AT LB L, ARSI S5 18T 72 3E T FTSC
il A > 3, B i .
5 4 ®

AR SC A H B N 52 R ) A 4 ) R FH % FTSC 428
fil s BA LUT = 0 ) & — sl A A KT
T KA U, T L2 SEBR 1 BR 1) 2) AT BEAE
RS R — i B T wnax, DORECAT
RE PR B e 14 R 3) 28 il AT 28 A2 A BN T] Wi 85 1), )
I 42 1) 2% 7F R s SO TSR 1, DR AN AEAE BHIR; 4) 6
TN A A TR R B S H. BER RGN R
P il 7 25, R A ¥ R FH 6 FTSC A & B A7 H & ML
AT = KN RE 715 5) RS g @M T H
BT VA K32 FTSC #1777 6) MRS b ™ K IE
W1 % 52 BRI FTSC AR T NFTSC, I 45 th 1 7855
PEM LI IR, BL1S25 1 5 T S 80k £, W 5. 5
17:7) UEBH T #EA YR HIR] FH Z FTSC R & 2 5| 7
T b2 T AN B PR I 2t B FTSC L T % FTSC, iX
R “PLE FTSCAL T FTSC” X — 45 B 1M N 32 R 2%
PEF I — A EEA .
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