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Adaptive fixed-time sliding mode control of unmanned helicopter with
input saturation

HE Zhan-sheng, QIU Hong-ling, SHEN Jun'
(College of Automation Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China)

Abstract: An adaptive fixed-time sliding mode control method is proposed for the unmanned helicopter system with
external disturbances and input saturation. A segmented function is selected to ensure that the sliding mode variables
are continuously differentiable and eliminate the singularity problem of the controller. The radial basis function neural
networks are used to estimate and compensate for external disturbances and input saturation errors. To improve the
tracking performance, the fixed-time control laws are developed to guarantee that tracking errors converge to a small
neighborhood of the origin within a fixed time, which can enhance the convergence speed and tracking accuracy of the
helicopter system. Finally, the simulation results based on an unmanned helicopter show the effectiveness and superiority

of the proposed control method.
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Al FE 3, LE X Lyapunov IE RV, = e /2,4 Lia
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RIS 17 Ay W = I'sjh(X).
T=T +T5 < ﬁ:qﬂ:)\dﬂ>0)\¢2>Oc¢>0n¢>0,'y¢,16(0,1),
2 1 2 2 s 1T + e LT REBUE A
P1R1 pP2K1 paka(l —p)  paka(q—1) 19 079
SFRERT. O Vo1 = eXp[—(l%l +0.23)"% — (Jeg| +0.23)" 7.
3 HERIE *1 EHEsY

AR R, BT N B L8 )R A il
SIMULINK 1j B & #EAT S IGI60E, 6 e AR 1
B R BEAT XS . BETFHA S E i

=8.2kg, Zeot = —131.41m/(rad - s%);

Zyw = —0.76 s71, Ly = 1689.50 s~2;

Nped = 135.80 s72, Miop = 894.50 s72;
Ly =—48.18 s7 M, = —25.50 s 1,
N, =—-0.98s7!; I, =0.18 kg - m?,
I,=034kg -m* I, = 0.28 kg - m”.
3.1 HBIREEHEHIXT L5
5 E ] 5E I 1A A, 25 R PG L T %8
M R G, AT 07 B LSz e, 5 B R A SC T
HH [i] 52 B [8) 2% 3 W5 A (FXTSMC) 2T S PRI 28 i i
L (NFTSMOC)!3 Rl AR 43 28 3iig 1 B ATSMC)!4, 4146
N ¢o = /9,00 = 27/9, 10y = 1/3, B H NI N
bq = sint,0; = 0.05t, g = 0.012 AN AT E
Ndy = dp = dy = sint. NH AR ¢ NBILE T3
T o) 2 B AR E 20, 128 1 S 80 (S8 18 12 1) 2 Huk B
IAEE) 40k 1 fros.
1) JE7 e PR 2 b i 4 i

controllers parameters and values

k¢0 = 5,k¢1 = 1,k3¢2 = 5, kd)ﬁi = 5>

Fixed TSMC
py = 0.6,9¢ = 1.4,my = 0.5,6 = 0.01
ayp = 5,by =1,y = 1.2,
NFTSMC ¢ ¢ ¢
Bd’ = 1.1,C¢ = 117,7705 =0.5
ITSMC )\4)1 = 27,)\4,2 = 5.5,C¢ = 11,7,7]¢ =0.5
RBF

—~1,-0.5,0,0.5, 1
I'=15b; =2.0,¢; = 0.5

22 R 245 —1,-0.5,0,0.5,1

225 T ARS8 T LA RGERER R ZE, [H
S I T 4 o) T R e 22 WA St R e LAt A 1) 7 R
PR Rl A B 3 PR, v — B R b
P ) 7 S I ERER PR REROL 51 N DL 34N 4B bR SR R
2 %5} 7 Z (integrated absolute error, IAE) 4% fill i A\ B
2 (energy of control input, ECT) g N\ £}k 4 % 1% 2
(absolute input chattering error, AICE), & JE AN

N
leilae = les(k)], (36)
k;l
Juileer = ) |us(k)), (37
k=1
N
|Aulaice = Y Jus(k+1) —ui(k)l,  (38)
k=1
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0.3 FxTSMC 0.6 FXxTSMC 1.0 FxTSMC
—— NFTSMC —— NETSMC —— NFTSMC
0.2 — ITSMC 0.4 —— ITSMC — ITSMC
= = g 05
=01 £ 02 £
SN ) =
0 0 0
Ol 5 3 4 5 92 3 4 s o 1 2 3 4 5
t/'s t/s t/s
F2 ZESREFIRE
0.047 -
0.02 FxTSM 0 -
AN . — ) f
g g 0 £ -02
m‘g_o_m FXTSMC 'g_ < FxTSMC
— | e 04 — e
O T3 4 s 0% T 3 4 5 0T T3 3 4 s
t/s t/s t/s
E3 =HliEA
e o e - X 1.0 D
Hodr: N FEARSEL, i WL RGTE AR T —I
TR N Y v oy 0.8F [
I, e(k) A (k) 70 BIAR R LS 2 G0 AR B3 I8 BR v
At E TN @ 0.6}
5] 4 52 B T4 1 7 R TAE AR /T Fofth 2 22, [ < 04}
S o ) 2 4 R P 7 TR B A 58, P 2 ol
TN ARy S i T R A ) A% ECUAE B/, A TR .

12 ECJE - F ], 3= BP9 AR ST 418 H 42 ] SR K
NFTSMC J5 i Y S B R, 5 25 2R GE R I3 5 2L
Rl 5. Bl 6 B 3 Fhaz il 2 4 N BHR I S AH
UL, 2% FE BT IR LA AR Z BN, i e L N 3
g2 ) 7 iR PURHIRBOR A, AR TT 5, [ € I [ 4
AR BRER . WCBIOR FE e BE R AR 7 T 2 R B

[
60 [ s
I— )
m  40f
=
20F
0
FXxTSMC NFTSMC ITSMC
4 ERBINRE
.
[ ¢
 —
1.01
O
83
0.5t
0

FxTSMC NFTSMC ITSMC

5 EHMAEE

FxTSMC NFTSMC ITSMC

6 IARHREITIRE

DU A PERE, BHIE & T N ETHHLSERR AT I,
A, 25 18 B B 24 S 1 AR AL S P BN, O]
T WS SIS TE) O BIE AT, AR BE BT A ) O SR A A A
S DR T 2 o AR A A, I A R B BT 4R 2 1 Oy =
[7/16, 7/16, 7/16],02 = [n/8, 7/8, /8| M O3 =
/4, /4, /4], DREF A S BOA . FRBLRER
g =BT {7 45 R I, KT WS R xS L BL ¢ 38
TE BB . H 7 AN 8 BT LU Y, AR A S R
2% S R AR 1) 5 925 MAT ST T B 0 46 BRI R 2
KT K. R, [ B 1) 47 A1 6 8 AR G i At i X Ao
PLG MR LS R, W DA A — e R L, [ E
[ 422 Al WA S )55 0 e 2 A1 JE oK.
0.8

O

0.6 1

0.4 |

¢/rad

0.2}

t/s
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" ., SECT A F  5:  , ER A
g —o. T 45 5 N R 7 0 2 ) 2 MR 2

2 oaf| 2 | AR (EL R Hh 7 6 M S o b, 1
= =1
0.2 (()).8 1.2 1.6 2.0 : :
m— jdeal trajectory
20 / === === position tracking

0 1 2 3 4 5
B8 [EErfELinBRizHiRIRRE

3.2 [ElERTEHRIEF M sELEE
TNBETHHIEAL B Ny = 1,y0 = 1,20 = —1,
WIGHEAS MR E N0, BN B WA vEE AN
xq =sin (1.3t) m, yg = tm,
20 = 0.1¢2m, vy = %rad.
BN Z AT IA Y 8 9 IE R 5L R A
A, AL E ST BRI E A
d, =d, =d, = cos (2t).
AR ST AL AN
d¢ = da = dw = sin (St)
S UE BT HA SR B T AT S0 T A S Bh A N
T ] 3, RBF 41 28 W 2% 0[] 5 I ) 42 1) 8% 43 1) 1%
THAR(18), (20) F1 (21), FH R S HUE BN R 2 BT,
T2 ITHIHESH

controllers parameters and values

keo = kyO =k.o =3,kz1 = kyl =k.1 =1,
’fﬁﬁ]ﬂlﬁ% kz2 = ky2 = kz2 = 25 sz = kyB = sz = 2;

Pz = Py = Pz = 0.6, q» =4y = gz = 1.4,
Ne =7y =Nz =0.5,6§ =0.01

kgo = koo = kyo = 5,kg1 = ko1 = ky1 =1,
- kg2 = ko2 = ky2 = 2,kg3 = ko3 = ky3z = 2,
wEmEg v ¢ v

Py = pPo = py = 0.6, gp = qo = gy = 1.4,
Ng =no =nyp = 0.5

RBF

r 15.b 2.0 05 —-1,-0.5,0,0.5,1
= ,0 = 2.0, c; = 0.
WL 2% ’ ’

—~1,-0.5,0,0.5,1

A RWME 9~ K15 frs. B9 N E ] =
o 30 R B il 2R, B 10 AR 11 2 BN AL B R A S
PREFRZE, T NBE TR G LR B 345 5, IF
HIEREECAW . BEMAZIR N T ANEFAN RS,
h R R 13 B A [—0.025, 0.025] rad, [—0.25, 0.25] rad
[~0.05,0.05] rad Al [—0.02,0.02] rad. 41 & 12~ ] 15
7, 428 i) 25 4 N 3 DR FRAE SZ BRG] A, RBFNNSs A
P AL BR A S0 B i N TR B LR B 1) R,
IR R B % 22 WA SIGH L T, SR FH LR R 2 B AR
5 HRAE— ERRE BT DLHI g5 R SRR, 2T B

z/m

y/m 0 -1 x/m
B9 =HHITIRER
1.0
X
—_—)
0.5 z
g
< 0
-0.5
-1.0 ’ '
0 5 10 15
t/s
E10 NERREIRE
2
—9
JEE—}
1 P
o
s
s O
-1
0 5 10 15
t/s
B 1 ESHRERE
0.02
< 0.01
s
\é 0
B
-0.01
-0.02
0 5 10 15
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12 Iﬁﬁilﬁl\ﬁﬁ 5001
0.2
0.1
o
s
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0.05
o
[+
= 0
o
-0.05 . *
0 5 10 15
t/s
E 14 #EE FEHIZEEE b
0.02
0.01
o
s
> 0
-0.01
-0.02
0 5 10 15
t/s
15 EiﬁlE\EE 6ped
4 4 @

N AT AE SR RN N A 1) T N BT AL
R, AT T H & B RBF # 28 W 2 [#] 52 i (8] 3
LA ) 25 %% 1 25 ) F RBF #2845 il T 41 S48
AN N RIR 22, 55 1 P PHIR R R 23 B
BRI B T [P S T 1) A ) R T o A 4 24 i T A
o R S 1) R, S BT [ S I T SR B A R, AR T AR
ZEWCSICHR . 7 A5 SRR W] T BRER VR 22 W] LA € I
[F1) PN WSSO TR RN &I, FFIGIE T Pt SRR Y
A RE. AR KRBT FTT7 R 4 rh T M e X 45 5 [ 52 IS
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