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Abstract: For the attitude control of flying wing unmanned aerial vehicles (UAV) with unknown external disturbances,
an attitude tracking control scheme based on fractional order integral sliding mode and dual power reaching law is proposed.
Combining fractional order calculus with sliding-mode variable structure control theory, we design a fractional order inte-
gral sliding surface. To tackle the problems of long convergence time and serious buffeting of traditional reaching law, we
propose a dual power reaching law with second order sliding-mode properties and finite time convergence. Together with
the nominal sliding-mode control law, a super twisting sliding-mode disturbance observer is designed to estimate and com-
pensate for disturbances, which improve both the robustness and control performance of the control system. To take full
advantage of the redundant control surfaces and improve the nonlinear control efficiency, the nonlinear control allocation
is applied in the flight control system. Simulation results show the effectiveness of the proposed control scheme.
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Fig. 1 Flying wing UAV control surfaces configures
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TNNTH I BN ) REL, L, Ty, 1,53 90 A GERL
W, y, 2SR, laoros Macros Macro AT AHLAE
Fe T2 0 FEAEN VAR AR AR R, y, 2 35 1) (R 20
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of outside loop)
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E%ﬂfﬁﬁEETl‘ﬂWﬁA — vy = 0, HEEFE
TSI T A& TELE R (A, o T BT A
Vei= 0557, (28)
Vsz = _kl,i’SiP_’y — kz,ifsi‘}w <
_2(27y)/2k17i‘/5€127v)/2 _
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M, = Mo, + Mg. (37
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I~ SCH AR AC S B GBI C L BhAEEHI I HAE A
TSR £ P KA 3 i 792, e AR L s R 2tk
eSO P A, e R AR R MR A R B 0, 3
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THI e £ S 4 D A R ALt i G R
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AT NG R ERGNRE ), I T ARBOK, ARG A5 A
BRI\ R [F] I ik 25 7 AR ORI BRI <30 g, ek,
REA R T AN LR R AT 8L -2 CRH ) T e, 5
TR IO 7 7 A A AR A D KBRS RN D 77 el EAN [,
TR CRH 73 77 1o FEE AL 0 Tl % B ) BEL >k ™
A ) R T AREECRH ) 7 ) e AT Gn R R s BN
T 2 R T 7 JRE N, 77 A 1 O g R A BRI, 5 D
FRERIL I FE A0, Hox 5 R IBR J). Ay, AL
s e ATy B e S U R EASE 7

J = min ACp(9), (39)

Horp T AARAC H bR, ACH () AT ANLFEIFR L)
A A AR E G F AR %(39), A
3R I R o AHLLARE T B in BHL ) R B N A i
FARIARZAE R 0 e ) Uitk 1

G(0) = M.,
5min < 6 < 5max7 (40)
J = min ACp(9).

AEAEAR SRR A5 RETRIB i 20 1 3 A JR e AL
AL P45 1 23T i) #(40) R — N AR LA ) i, HE
LM RN L R R AR S DU ) R ) R4 718, A
SCIE I SCHER (171 th AR L MR RIS ) 43l 7 v200)
X — )RR T SR AR, B R 08 ST Th 45 1 H RS
Sy, RS SIILAE T BN RH 7y 2 2o/ S AL H A,
BRI RS WSCER [17].

7 EY5 459 #r(Simulation and result ana-
lysis)
7.1 {iEZS%(Simulation parameters)
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diag {39750, 8620, 48630} kg - m?, I W4k 245 KV =
0.6Ma, ag=1.8°, By =0° pp=0°po=qo= 10 =
Orad/s. TEAMNVLESERER N Hbr$a 2 Ha. =5°, . =
4°) pe = 3°. WAEAT LB 21T U6, B M 5 MR
T WA AE MR AEL0.05 1) vy 17 11 e 75, () I SR FH 8 3 4%
I, B 209 H 5, )
ZHUE NN — 30% AN E , TN 22+ kA
sin(2t) + 2 cos(0.5t)
AM = 5000 | 0.2sin(2.5t) + 0.24 cos(0.8t)
sin(1.5¢) 4 cos(0.8¢)

N T BAEAS SCHTHE 7 VR AT Rk, B3 B A
4% W K45 ) 2% (FOISMC) 3% 38 X 43 1 85 448 1) 2%
(ISMC)FI SR [18]142 Hi 1) 31 25 Wi PID 4 il #% (DIPID)
HEAT 5 B LE. DIPTD il %% 4 (1] 6K F 8 A 30 vt
RATES A, IAEAMNR R B A1 S PIDSE A 45 7,
DIPID#= il 5 vh-4n 1

t
we = —g ' [2e, + 0.1j0 es(7)dt + 0.15¢, + f.],
M. = —g; '(16e; + f¢).

ISMC 55 FOISMC W 4 il J7 52 T 128 P 428 11
SRR ¢ = ¢y = diag{0.5,0.5,0.5}, v = 0.5, 0,
=1y = 0.1, ky = ky = diag{0.2,0.2,0.2}, A; = Ay
= diag{1.2,1.2,1.2}, xs = ¢, =diag{2,2,2}, xr =
(¢ = diag{3, 3, 3}.

7.2 fiEEEH M1 (Simulation result analysis)

Bl 2 2 3 il 7 S A MmN th £, A A &
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G HIAEAE, Hsuper twisting #1025 2k 512
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FE B RUFRE T, BRER B T 64 hT3)
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DIPID# il %5 48 1l %R H T 8 24531 45 G PID% il 4%,
SR PIDHE i AR 2 LA o A PR AT R L A4
HIWER, X T A SCLESE R R RAFAE IR AT,
DIPID¥ il 5 42 HIRCRAR 72, BRER R 22 K HRARR
ARG H oo s

MNEEI23E W] H, 23 B R 2 o A A o s R T AR
ZIN, T 0 R 0 e A s ol s B R LU AR, A
T A A I i) B3 T 23 25 BB i 2 (P R 4 B 2
ARIRNFT, R IIRT R R 2= IR 2 S 3 A TR R B,

FE U ELBOR. A SCR A T 0 B AR T A i, 734
B AR 23 (IR 0 A AE I ) B L 1 231 5 7 B e 2
A3 9%, XHRZE MR I HATI WAk A7, 3o 25 10 )32
Fr R . B BB A TE A 20 BB IR, AR A
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Fig. 2 Response curves of attitude angle
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