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Abstract: As a new low—cost remote sensing platform, rotor UAV has been paid much attention by
researchers and applications. Rotor UAV equipped with commercial remote sensing has many
advantages, such as high ground resolution, quick response and easy maintenance, which make up for

the shortcomings of traditional remote sensing, in practical use the anti—interference ability has become
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an important part of the remote sensing system of the rotor. In order to make up for the lack of
conventional multi rotor torque heading control, firstly, six axis twelve —rotor UAV structure was
designed and its dynamic model was established, then according to the anti disturbance capability of
agricultural remote sensing platform requirements, the special algorithm of active disturbance rejection
controller (ADRC) was designed with differential tracker, extended state observer and nonlinear state
error feedback control law. Secondly, the stability and effectiveness of the controller was verified by
simulation. The real wind disturbance test shows that the control algorithm maintains good trajectory
tracking characteristics under the influence of instantaneous wind disturbance of 11.2 m/s. Finally, the
UAV equipped with self —developed commercial high micro spectrometer MNS2001 and two axis
stabilized in six axis twelve tilt rotor, fixed spectral remote sensing measurements in a particular area of
rice over 300—-900 nm in the spectral range, spectral reflectance hovering over the region of multiple
measurement relative error was less than 5%. The test results show that the rotor has a good platform

for remote sensing stability and reliability can be further applied in the field of agricultural remote
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sensing and auxiliary production management.
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Fig.1 Six—axis twelve-rotor UAV
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Fig.2 System structure of UAV controller
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Fig.3 Structure of position controller
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Fig.4 Structure of attitude outer loop controller
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Tab.3 Attitude controller simulation parameters

52 28 5 R 1 6 A2 L SR 244 Parameter - ZLS

S o 30 B 98 ADRC (0 H, 2 IR 22 S0 Angle
R AR RO, TR RS SA T4E T 10 910 o 151573
ﬁ:ZﬁJ L BRI P=S BT ) 5 AL e 359 - K, 0.04
RSB GL IR0 ) A A R ROR velocity K, 0.15
K, 0.01

3 TANERFRFTESRE

3.1 EHSEARERE

5 B3 A v 0 R AL LSS AR S LS8

—%ﬁ?%gy\%ﬂﬁﬁ;{ﬁljﬁ? P():[Os 0’ O]T & T’():[O’ 0’ O]T
ok, B R — > 2 R B, Herp s R R KT
B B DU AT AR5 [0, 0, 31, 4, 0, 31, [4, 3, 31,

mE IR, [0, 3, 31,
K1 +-EEBETLANSEH BB R EE T .

Tab.1 Twelve-rotor UAV parameters xd=@fsg(n 5, 10)+4fsg(¢, 10, 15)+
Parameter Value 4(20-1) fsg(t 15, 20)
Mass/kg 4.45 > T
Wheelbase/m 0.91 ydz?’(%lo)fsg(t, 10, 15)+3fsg(7, 15, 20)+
X moment of inertia/Nms™> 2.6x1072 %(2:5 )
a(20—t
Y moment of inertia/Nms ™ 2.6x1072 5 fsg(1, 20, 25)
Z moment of inertia/Nms~2 5.1x1072 3t
=——fsg(t, 0, 5)+3fsg(z, 5, 3
5 sg(1, 0, 5)+3fsg(z, 5, 30)
Rotor lift coefficient/Ns* 6.2x1072 ) B
ot pREL fsg(+ )RR N .
Rotor drag coefficient/Ns* 1.3x107*

[G] I 265 H 8 5 i (07 B A O SR, Tk 2

DIV

K2 NEEFSFBAESH

Tab.2 Position controller simulation parameters

fsg(x, a, b)= sign(x—a)+sign(b—x)

1 1=8-9s i, FE7 B X 5] A 0.2sin(r-8) [
SRR ENE 5 5 24 r=22-23s I} 7EAL B Y EIE T A
0.4sin(r=22) L 315,38 i MATLAB {f B35,
25 I G PR R ASCR AR ERER AR AN E 6 P

Parameter Value
TD o,R 0.02,1.5 4
—% i T e
ESO o, @, 0 0.35,0.25,0.02 £ i !
7 2 Disturbance T s
B], Bz,B:; 2 100, 420, 2 300 4 i | Tracking position
o | Desired position
, 8 0.6,1.2,0.02 ‘)4 ; Disturbance-
NLSEF . 6
k., k, k. 65, 65, 120 :
s F-position/oy 0 _2 g X-position/m
KKK 2,32,90
(a) BT IR B4 R
Iﬁlﬁj‘é/ﬁ\tlj %%E Y { LA Ef‘ﬁﬂ%‘%’fﬁ,\/ﬁ ﬁﬂ%% 3 (a) Tracking result of trajectory

0118003-6



BRECY & k4

%14 www.irla.cn % 48 K&
6 Tracking angle_ Disturbance %E‘Jiﬁﬁ/\,/ﬁjﬁg{ / HE’J%JEHZQ’EE /f’t,ﬁﬁﬁg
—Desired angle || : .
[ i " SFRE ST B S IR 2 BB, (LR AR B
_ 2 ,& | R B
S of—— | — [ 32 LRETREARNKK
E RN
2 owwmer ||| | o T S S 7 T T R
-4 ol JHUE DR TAERT OB B ME B, BB A BRI R
e, SUREATIEANL A BB IRER AT, e
Timels KGE T (£E Omega) A5 I 8] F RIAHE R TT R

(b) VR A IR ER 2
(b) Tracking result of roll angle

10

f Disturbance
6F - Tracking angle
/ — Desired angle
I

Hi

e Disturbance

[

Pitch/(®)

0 5 10 15 20 25 30

Time/s

(c) IRFAD £y BR it &5

(c) Tracking result of pitch angle

3

Disturbance

]

E
0
it 1
Disturbance Tracking angle
-2t Desired angle
=3 L . L . 7
0 5 10 15 20 25 30

Time/s
(d) PR S R B 45
(d) Tracking result of yaw angle

6 FHUHE (ADRC) & T (i BR B 45
Fig.6 Results of trajectory tracking by ADRC

i 5 BT E #, 0 B 2% ADRC RES A
RsE RSN ERAL B 10, 1=8-9s TEAL & X i@ S| A
SN S5 S, A B A R B 22
B A BV SR 0.2 m, {EBR R (0037 B I
i22/NF 0.1 m, 1=22-23s 7L E Yl iH 5] ASMR
P (5 505, =Rl 8 5 2N BRER 1 L A 22, g A
AR E PSR 0.4 m  (HERER 16 B 0 (8 (i 22 /N T
0.2 m, 2 AP TR Ty, SRR , TR0 #
G| A Sh B0 B IR AR B TS

11.2 m/s, BEGZE RN 7 Ui,

43.83554
R — Tracking latitude({.X)

43835681 Setting latitude(X)
43835661 . Wind

i disturbance,

L 43.83564F l

O

Z 43.835621 \ -‘*h

3 43.835 (aOWMW?hF PM%J,J'
43 81 A
FhAaa No wind W Nomml
43.835 56 disturbance disturbance
13 935 5 A L L L
BEIM0T 120 140 160 180 200

Time/s
(a) SR IR

(a) Tracking latitude

— Tracking longitude( )
125.394 37F Setting longitude( ¥)
Wind
~ 125,394 36r A dmurbmu
= Ao
3 125.394 35[0 M%f ,'|
: Y
125394 34f W\J
= No \\md
= 125.394 33} disturbance Nomnd
disturbance
125,394 321
100 120 140 160 180 200
Time/s
(b) £ JERER

(b) Tracking longitude

25.0 = :

—Tracking height{Z)
23,5+ Wind Setting height{Z)
230 disturbance

Height/m
:‘i 2
; L

——

No wind

J No wind
|| disturbance

disturbance

l :'1_5 1 I 1 I
100 120 140 160 180 200
Time/s

(c) i B BRER
(c) Tracking height
P 7 58 e s 0 AHLAE S BT U IR B AT IR0
Fig.7 Trajectory tracking flight test of six—axis

twelve—rotor UAV in six—stage wind

0118003-7



B & ot

% 1 21

www.irla.cn

% 48 %

AT B e E B, T XIAE LR, XY (&
4B 5 ) L IR BR IR 22 7E 0.8 m LA, Z(R )
5 18] () U8 R B AR 22 78 +0.5 m LAY . A KA1 B
T, XY J5 [ R EE IR 22 7E+2 m DL, Z(T 1) A R s 2
ZAE+2 m DL, ©A 70 R IS4l e 3 S AL
TEAN YA T REAE PR R R4 A0 008 B EORG BE
3.3 BHEHAENHNRSFIAR

A AT BB 2= B K B G R
HUS Wy B 58 B 19 SR B0 0 R AR R e Dl i A
MNS2001, 2 %in % 4 Frox, 5 A8 & ot 3 Y
MNS2001 SEH I an &l 8 firs

= 4 KIS H

Tab.4 Parameters of the spectrometer

Parameter Value
Range 300-900 nm
Resolution 1.4 nm (FWHM)

Wavelength repeatability +0.3 nm

Stray light <0.5% @600 nm
Integration time 2 ms—1 min
SNR 300:1
Volume 70 mmx67 mmx40 mm
Mass 275¢g
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Fig.8 Micro high spectrometer MNS2001
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Fig.9 Remote sensing system of UAV
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Fig.10 Experiment results of the remote sensing system
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