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Unmanned helicopter control based on radial basis function neural
network and extended state observer

HOU Jie, CHEN Mou', LIU Nan
(College of Automation Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing Jiangsu 211106, China)

Abstract: In this paper, a flight control combining neural network and extended state observer is proposed for the
unmanned helicopter with system uncertainty and external disturbance. Neural network (NN) is used to approximate the
uncertainty of all sub-systems. The extended state observer (ESO) is introduced to estimate the approximation error of the
NN and the external disturbance of the system. Based on the output of NN and ESO, the controller of main blade flapping
motion, attitude rate, attitude angle, velocity and position systems of unmanned helicopter are designed respectively to
enhance the robustness and anti-disturbance ability of the system. Meanwhile, the dynamic surface control method is
introduced to avoid the direct derivation of virtual signals. The stability of the control law is analyzed via Lyapunov’s
stability theorems. Finally, using the data of an unmanned helicopter to simulate the whole system, the results show that the
designed control law can make the unmanned helicopter effectively track the control com-mands, and show good stability
and robustness.
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T = fr+ gcT. (61)

E ARG ST, = [ac b7, WS IZ
ENIERERIRZE

2N 2%

ex=7.-7. (62)

FEFE S L v R, ik Gt 3 e B AE SR is
MZEAE T HER S, IIN—Hrisas:

tab)'\ab + )‘ab = Tm )\ab (O) = TC(O), (63)

ﬁqjtab > Oy‘ji&‘ﬁ‘%%iﬁ EX@)\ab :>\ab_ Tc, Xﬁe,\ab
K G

éxab = —to €xab + Map, (64)
ﬁEPMabﬁ%EJ:ﬁMab-
BOHE R IZ i HE:
T = g7" (A + Krer — fr), (65)

P Ky > ONRFBTHE ] 1 2 R .
XN BETHIEIRIZE) RGEATHU N Lyapunov R
Ak
1 T 1 T
Vg = §€T€T + §€>\ab€>\ab- (66)
BV T I ] SR FAT 15

. 1 1
Vs < —Kre¥ey+ 5 (1+tab )eYeT—F 2tab e/\abe,\ab—k

_ 1 1 -
(tab1 - 7)6’)I:ab6)\ab+§Ma2b =

1 -
M2 —
9 ab 2

1
(—KT+ *(1+t;b1)12><2)8¥6'r —

2
(%t;bl - %)ezabekab"i'Mgb' (67)
34 FBEteatr

ZiA iR FRBFENNSESOM TE N HFHHL K AT
FHA LT, AT AR e B

EE1 FEdR)-QREWEE RGEAH
FEPEFISNAE ST TE N EFLAE S M AEAY, pie
W 2% [ 3 3 R 4% 2R(23)(52) % 1, ESOi% it 9 :(16)
GO, I IR BGETE S W T # T 3E
T RBFNNSESOR#% 2% (10)(21)(50)-(51) 1K (65),
AT LM TE N BTN RGR ZEE 5 & —3
AL, S4BT 5 1R

HE 0T Jo N EANUAL BRI ZEES [B] 2 4 R PR
i R4, 1 Lyapunov R 4L

Vi=Vi+Vo+ Vs, (68)
4R B6)(3NFIR(67), WVikS:

. I
Vi<—(Kp— 3;3)65613—

1

(Kyv — (1+ itvl + max(nv;)) Izxs)eyev—
1

(Ko — (1+ ?él + max(ne:)) I3x3)ebco—

1
(Ko — (1+ sto' + max(na;)) Isxs)eheq—

2
1
(Ky 5(1 + 1oy ) 2x2)ever—
1 1 1 1
<2tV - g)ewew (2%1 - §)€§eexe—
1 1 1
(§t51 - 2)€m€m (Qta_bl - §)€Iab€>\ab+

3
Z MVPLz%TPW% + Z M@PLz‘X,-TP@iXH'

1 -

ZMQPl iP; Pﬂzpz ( 2\/ _7)||W2H2_
V1

(o)) 1 2 (oX'e) 1 ~ 2

= T — w.

(3 = g Wl = (5 = 5 Wi+

3 3

> Mypai+ > Meopa; + Z Mopo i+

=1 =1 =1

My + Mg + Ma+M?2 +

W12+ WP + — Wl <

2 2 2

—kV +C, (69)
A

. I3, _
k =min{(Kp — 32 ), (Ky — 5(1 + to ) axa),

1
(Ky—(1+ 5@1 + max(nv;))Isxs), Mvp1,i,

1

1
(Ko — (1+ 57561 + max(ne:))Isx3), Meop1,,

1
(Ko —(1+ §t§1 + max(na;))I3x3), Map1 i,
RS USSP IS B

- i o - _

1 _ 1 [oAV4 1 (oxs) 1
(7tab1 - 7)7 (7 - s\ 3
2 2"V 2 27V 2 270,
(O'Q 1

2 2TQ1

3 3 3
C=> Mypa;+ > Mepa;+ Y Maopa; +

= & &
NE + M3 + M3 + 522, + W3+
W)+ Wl
T (69) 551 B2 T4, MO £ BN, 47
0< Vi< S - G ao)
H13R(69)—~(70) PT A, VRIS, B9 lim Vi = €,

e, VIR R SRS S0 .
i,
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3.5 EHERERTHEE
CRAFEITIIRE, ASCHTE H 1L TRBENN S
ESOMITE N BELTHHLARZR Ml e i it Siddn F
LB W REMEES P, R ERIAH
TEYEA fy, Afo, A fo FAMBTH, (1), do(t);
B2 RN E RGN ERER Zep, ey BT L

F R 0, Ko RN, > 132*3;

W/ 3l ey AT T, MHE(12), FIA—
B8 Bt B ST VL ELHERT, RS S 8y N =
XT R RE, SRR TR BUATE A (0, 1);

S 4 LA fy, i FIRBFNNIE L. RBFNNZ
oy > OFIEBUHRHE fih 28 W0 44 [ 2 > SR EUH 2 5601
EHUEVEEIN(0,1), Ay > OMIARAEA AR %,

S5 %IFESOfE it D, . ESOIZ$ % it{% F
W SRE B R AR, R (18)ik i 4k, > 0Flny; > 0,
PAMRIEZC(18)H Ay, /&Hurwitz ),

R 6 LA D UR3-S AT LAV v 4 ) s 0 X
QOHFTR, #EHI# S5

1,
Ky > (1 + itvl + max(nv;))I3xs,

FRIEE Q) AT PRI RS A AT, FHEE 5 nk
(24);

B]T ORIERQHPIERE S, RIS E3-61%
L A R IR 25 20 (50) LA I 2% 2 8t o, ESO
2 Kk, 5o MRBENN 2 $ioe 5 Ao, KoHUH N

1
Ko > (14 ftg)l + max(ne;))Izxs;

2
IR 8 ﬁj‘% o 2 45 1 4% ﬁ(Sl)*ﬂ‘JIE?EZ%%%%%ﬁ

*ETE//@ 3—61&1?%1)&1& KQEX{EjJ
Ko > (1+ 5755 + max(na;))I3x3;
IR 9 BT BRI 25 T DR AR 5 A
5 R e hr 1R E S (60), Bt dHE A
P 22 20(65). IR A S Ht o, BT S RTIR L,
Ky >t

2
4 PiESH
DNIRAIE AR SCHR A% ) D7 VE A Rk, DASCHR [25)

oo N BT R IE 34T 0 FURHIE. ETHLEIA)
IR RIS, WETILES A IR R G0 A € 1
HAfo = 0.2f0, BEMRGEIIAHEENAfo =
0.3sin(0.270), HE R G E M NA fy =0.25%
sin(0.37V), RGIMHTHH

dy(t) = 0.2sin(2t) + 0.1sin(8¢),

d>(t) = 0.3sin t + 0.15sin(10¢).

(1 4+t oo

LM E I INE g = 9.8 m - s
IR 2 S5
Kp=diag{4,4,4}, Ky=diag{16,16,16},
Ko =diag{32, 32,32}, K,=diag{50, 50,50},
K+ =diag{50, 50}.
ESOMIZ LTS3 T SCHR 26110 EAR, K &34
FRIER A DLRGHE 4 9] BRES O FA AR A5 4 1e B
7£—10. ESORIZ LR N

(kv kv kvas] =[10 10 10],

v Nve visl =1[8 8 8],

ko1 koo kes) =[10 10 10], an

Mo Moz Nes] =8 8 8§,

(ka1 koo kas) =[10 10 10],

Ma1 Moz Nasl =8 8 8.
RBFNNZH& TN

Ay =22, oy = 0.207, Ag = 31,

oo = 0.26, Aq = 24, o = 0.243.
) THT 48 1) PR DB 0 2 ) (R HE B0 i by = te = tg =
0.2L55, tay, = 0.2L5yo.

TNEHNRGERE: “8” I HIRE I AL
T NBETHHL CATH 0 28 BREEBE 21— Fh s FH 0B
TE SURAT A BA g = 0, JE BT TE T 3R (1) “8”
BRATHOE, MHRIE

Te 24 sin(0.06t)
16sin(0.12
Ye | _ 6sin(0.12¢) . 72)
Zc 0.3t
Ve 0

i IR ARG S AT B, T ANV B
4(10,0,0), HFASCRFE] 5 T B T A1
il PRIty BB L B ONAE XS L, A7 BB 7 A4 i
BZ BN RAMB TS W R GeA E A, s
T o) 45 ) 38 25 5 AR S RO ) 4R I 2 S K e
Ky A, i Bgs Rk 1-2.

M=t 2o B Rl E t, M T S0,
ATCHE I ) 2% B A R ) JE N BT HLER R 1 2
gk, HAZ2 RG-S/ .

S 2 S0 U B AR SCHR s A8 OR, T BA
RGP, [ IR A0 A AR AT AR SN R0, SR
A5 NIRAE 0.5, $Z~0.15 Hz, 438 —Fr ik 2%
TG SR AT B, T AN BE AR Mk
UE(E N —0.5 rad. 17 B4R B3R, Hd, EI3h
TN B TR FE o 3R T7 95 5 0 BR B i ih 2k,
FIN T Bh A0 7 3 i BR R il 28 HE AT X EE. |
I3 AL I, 7R BRI T P A0, sl ik R4
AN E P S AN ST IR MAAEOK, a2 5 AR TR
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