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Linear active disturbance rejection control of airborne photoelectric
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Abstract: In order to improve disturbance rejection capability and dynamic response characteristics of
airborne photoelectric stability platform, the improved control method study was conducted on platform
based on Linear Active Disturbance Rejection Control (LADRC). The Model —assisted Reduced —order
Linear Extended State Observer (MRLESO) was used by the improved Linear Active Disturbance
Rejection Controller (ILADRC), and used output of system and differential of output were used to
generate the control quantity , which not only reduced phase lag and burden of observer, improved ability
of estimation of observer, but also reduced the negative effects of observer with lag and estimation error
of control law. The simulation experimental results show that the ILADRC had better frequency domain
characteristics in the low—middle frequency band, ILADRC had better dynamic response characteristics in
step response experiment, under the conditions of system had no input, sine wave moment disturbance

and sine wave angular velocity disturbance with amplitude are 7 and frequency of 2.5 Hz were applied
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to the system, the residual peak value of system output based LADRC were 0.175 (°)/s and 0.566 (°)/s. The

residual peak value of system output based ILADRC were 0.175 (°)/s and 0.566 (°)/s. The simulation results

demonstrate the validity of improved control method.
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121300222



bl ok TR

%124 www.irla.cn % 48 A
;-
\rL A
2 ILADRC E’J'l«i'l»'l' X:AX+Bu+Cf "
2.1 &MBEFKES y=DX
evE APt R 7E ADRC B 3ERE I, K AL 01 0 0
P hl 48 S ATy s T etk kit , IRk Hid . x=[x, x, x;;]T,A= 0 0 1 |,B= b
il 25 T LR 1 S EOE A B =AY, S8 50 S 0 -a, -a, -a, b,
s e w(,\?ffﬁﬂﬁﬁﬁﬁ wLLJ&?’E?ﬁlJ%‘E/\iﬁé b(,,/ﬁx: C=[0 0 l]T,Dz[l 0 0],
LEIE 2 Ui, POPIAN LS/ S /NS VR E I
=2, +, (y—
, l,—“_.:” | U, ! — . 2,52, 1() Z])
z'2=z3 +b,u+l, (y-2z,) (6))
Z.-:s:_aozz —a,z;—a, b u+l(y-z,)
z| & LESO HI
[Z:AZ+Bu+L(y—DZ)
[ 2 £k Pk B 4 i 25 4 (6)

Fig.2 Structure of Linear Active Disturbancer Rejection Control
& 2 v LESO 4 £ ¥ 9 sk AR S W I &%, r 4 i
A LG ()N PD EHIH G, G, () N 85X G 1% i v
B, U, RWINTE R GE S0 A 3, U ki ik
AN,y WEG W, Z, \Z, 5 5] 5& LESO X y DL K H
15 5 IR 54531, Z, v LESO %t &4k sh U, 1y
it
2.2 #EHEVEBM M LESO &t
— M =B RGO
y+a,y+a,y=bu (1)
¥ B 5 R s AL (D)5 .
y+a,y+a,y=w+(b-b,)u+b,u (2)
Hba, ca, BHLD W EHM (EREIT N D),

o WARFAE), W f=(b-b,)u+w KK LIS,
it h=—a,y—a,y+f, W h NALE T i X 4 0 4 5
5 B RGE R ML SN 5 B Wy Y e, ik
Bk 78 i x, =y, x, =y, x, =h, WA R (2) R 525 )
i i 1 LR B o 0,

X, =x,

)&z =x,+b,u (3)

X, =—a,x,—a,x,—a, byu+f

]§=Dz

T

ARO6)F5AKRMAW)HAB.D—5, 7=z 2, 2, ,
LI % R A T Lz Ry BB S Az, 2

Ry B B A 2, SRR b R S A L[] 4 1]
Sy L 25 35

IA SR (6) S — A = B H TR B 2 P 3K s
Il #% (Model-assisted LESO, MLESO), 1 F z, J& %}
TG 0 B A, A T L
PR ELAT (5, 7 LA AT LA 7 R 25 00 25 o B
4 0 5 750 W B SR 25 0L 2 L LA
Ji v A e B B % SCHR 13169 4 LESO W B 10 1848 2
B2 2R (6) T v 26 S0 10 BB 5 A T 4 9 B
0 tH 1 I 45 UL 2 B B 3 0 o R s 2 2%
S I R B T, T 45— A0 50 5 O 1 e B 24
P4 RS L 28

7,2, +byu+l (y—-z,)

(D

A

2, ==ay2,—a, Zy=a, byutl, (=2,
ez, BTy LI B 5 2, X A L B

WXt h VI BB AE R ORI N f, ARMR T
o

{2=ARZ+BRM+LR (y-C,2)
o (8)
7,2

121300223



bl ok TR

% 12 4

www.irla.cn

% 48 %

B 2~ X (8) & I [F) 2 T A g ) 32 5 WL 2% 07 7

2= [AR -L,Cy }2"' [BR L, }u,
9

f=D,Z
I 2(9) Jy AR 4 B ) B By LESO(Model-assisted
T
Reduced—order LESO, MRLESO), }tfi:2=|7 7 | |
0 1

—da

b()
A, =

R

,Cy=[1 0],D,=[0 1],L,=

’BR=

0 T4 —a,0,

[l lua ) A TR (O TLI B40 25K =, )
HAEHA.

B 0L 55 54 35 0 L, 977 1 15 LESO B 7
AR IO, I 0L 38 45 97 B O 50 10,
B

T

A(s)=|SI=(Ag =Ly C) | =(s+w,)’ (10)
ST B 5 o, S ORI B 5 P 2 2k (10) 1
YL 35 1 4 25 -

lpy=—0,+2 0,

Ly =w§ -2a, w, +a? -a,

2.3 IRt

PR T 8 Ak 37 31O 2 00 0 8% il S FF 0L T R 2 - b
BRGNS NI, BrLAin] L& 244 48 PID
FEH B 3 R T B i 22 R A, 2R
AR 25 R IR A AL PD I 41402, g T 38k G 0L
B VAR 18 2 77 A B R AR IR 6F R 2.2 5, 3¢
ok Y PD #6449 IE AR

U,=K,(r-y)-K,y (1)
JUEEE LNy

Uy-z,
b()

S LK K, R R R 3 B

U= (12)

HFy=h+b,U,z, ~h, MHAXA1).(12) 7 15 %
PRGN —DIEERN R G, H MG 5 R ECR .

G(S)ZY(S)_ K, (13)

r(s) +K,5+K,

4 K=o, K, =20, , WARA3) 50T
G(s)=— (14)
(s+w,)

AP o, AR T
Lifr 2.2.23 WHTiE, FTi%iT A ILADRC 4544
e 3 PR,

MRLESO H dyide
|

<l 3 ILADRC %5
Fig.3 Structure of ILADRC

& f1 MRLESO iy # 7 #fi Bh /) F% By LESO, r N
WA, G () MBEEX R, U, NSRBI, 2,
MRLESO B3t sh ol , U hEHlEfm A,y AR
Gufmih K, K, o4 g B

3 HEXLBRESH

S % SRR [15] 7 96 H R E T 4 7 o 8
SR,

G(s)= 281 (15)
0.006 1s +0.569s+1
w55 sy I eI 0ok .

y+93.3y+164y=1 280u (16)

AR (2)1 a,=93.3,a,=164,b,=1 280, a, .
a, by % B (S B A (9) 7

.A=A/ 2+B’ u'
Z=A% ® 17)
f=D,Z
, 93.3-2w, 1 )
Hrp.A, = , , B, =
-, +2%93.3xw,-93.3" -93.3
1280 2w,-93.3
i i D, =011,
-93.3x1 280w, -2x93.3xw,+93.3 ~164

WA (17) A A G RO S AL B
MRLESO,

S B SiF B 5 3 59 ILADRC 9 £ 0 2k 58, LS
X (15) M v 5 X7 4 | iz 1l MATLAB/Simulink %X
fF, ¥ MRLESO 5 LESO .ILADRC % LADRC #

1213002=4



% 12 4

BRI

Lk AR

www.irla.cn

% 48 %

70 5 T 7 PR A B0 S8 R X EE 23 AT

o>

Step

Step

Scope

BT THER EHZHKREN 0,290, 0,=160 . FT# H 17 5525665
i 7 X LE 5 EL S 30 ML DTS s ) L BSE R 05 M 4 iR
" numis) Fam y
4 » den(s) 3
—*- T PU Au
Torque disturbance remRischen Vcluuil_\-urhancc
| if = x=4,+Bu
y=C,+Du
MRLESO
ILADRC [
I £)
B s o7
= Transfer Fen Velocity disturbance
i.‘\;

3.1 USSR

Torque disturbance

x=dA,+8Bu
yp=C,t+Du

LESO

LADRC

P 4 iy S 6 A5 Y

Fig.4 Simulation experimental model

PURIE SSIE eI TN 7 eI IR S i 7 ol =Rl e
MRLESO 5 LESO % 4 3k e 1 41 18] 5(a)  (b) T 75
¥ hmahEmE A, WAL RS Ml 2
ILADRC 5 LADRC #9553 7 W 1] 5(c) . (d) 7w

&l 5(a) (b) ] LLE i, 5 LESO A K MRLESO
/N AR S E AR R g B R AR TR s 1A SR A T
U (e 3l 000 B8 7 o Sk TR T e B s NS 32 R
WP S K, H I 5(c)  (d) Al LA 3 ILADRC 7
T, O g, M o R TR

%_ 50F(a) MRLESO
]
=2
s or LESO
=
o
=
_5“ " p ] > | ) 1 1
10 10 10 10 10
Frequency/rad-s”
180
~ (h) MRLESO
E g0} -
= LESO .
B OoF \"
-90) : e .
10" 10 10 10 10
Frequency/rad-s™
= 0 [
S A ILADRC
g 0
E, —sof LADRC
=
=100

10" 10 10° 10' 10

Frequency/rad-s”

0
~ (d) ~—ILADRC
ST
3 LADRC \_\
=
= —180¢ ! {
=270

PO 1n’ 10° 10 10"

Frequency/rad-s”
Kl 5 MRLESO 5 LESO #it 3 i %} It . ILADRC 5
LADRC 53t 5 i) 7 % 14
Fig.5 Comparison of frequency domain response between
MRLESO and LESO,

comparison of frequency

domain response between ILADRC and LADRC

3.2 BRI AL L3643 AT

BRGIMA r(s)=1 rad/s B B BRA5 5, In AR Z1
0.5 s BF Qi 6 7R Sy 1 A 4 A 0 B R e i it
2. BT SRR AR Rl A R R AR 2
HIES N

3
= --ILADRC
= = LADRC
(1] 0.4 0.8 1.2 1.6 2.0
Time/s

6 BBk 5
Fig.6 Step response

121300225



915’] Lk 142

% 12 www.irla.cn % 48 A
ZE(E A 0.030 (°)/s, 3T LADRC 9 & i i 1
20| o 3 5% 22 WE 0 0.566 (°)/s. 1A ] 9 2 e T %
§ e - LADRC ¥ F ,ILADRC 44 3 fit /1 4 T LADRC,
j _1x 107 i - ILADRC
| 0.4 - LADRC
-2x 107} -
i )
-3 % 10™ 1 1 1 1 =
1 I:2 1.4 1.6 1.8 2.0 ? 1]
Time/s _5 .2
;

7 R

Fig.7 Steady state error

M & 6 ME 70 LLFEH  ILADRC 3 24 i [ G
J1EF LADRC, 76 # [F] /) Z: B0FC &, B AH 5] ) W8
T 2% 47 98 A o #8196 N, ILADRC AT B 1
GG B RET L ZAAIT,0.68 s AT

& LADRCﬁﬁIiﬁ 13.5% , &M e WG ARE,
0.95 s BEAFAZE, A 0.5x107 rad/s 747 1 Fa 25 iR
%,

33 RMMMHNENZR SN

P40 4 2038 5 40 0 B T T A S g 4 B S
0 0 A Al T B B A B SIS, WP 2 B AR B
WE 4 i, Hd T,/ vV, 50 E 84745 5 8 N-m
() so TERGLH A NEFANT 45 R G0k {E H
. SR 2.5 Hz (19 1E 5% 0% 1 48 3 8h 1 1E 5% % f o
FEHL S, &l 8 FIE 9 S 7F i 52 50 2% 14 T g A 4% o
TEARFEh T RGP shsk 2k,

m@Sﬂ@9ﬂ%wfﬁﬁ%&T%%$mAmm
R 4 fa 4R 3 Bk 25 1 H R 0.155 (°)/s,
mecw/b%mm%m%%mﬁﬁonu)m
M E 3T, 3T ILADRC 9 % 4t i 19t 3h 5%

0\ - ILADRC
ol f | - LADRC

Velocity/(*)s”'

-0.1F

0 0.4 0.8 1.2 1.6 2.0
Time/s
&1 8 JIHH T RGN sk 2%
Fig.8 Disturbance residual of the system under

torque disturbance

0 0.4 0.8

Time/s
B O RS RS Sk 22
Fig.9 Disturbance residual of the system under angular

velocity disturbance

AT R AR E KR SR m AR
TE AN TR 1 H0 3 0% T R G Pi 4 30 g 0 R kR
A, 4 ) M s Il e I AR 2E5], £ 1 R
1£ % F LADRC . ILADRC ) % 4t & 4t 3 i {8 5 A
o, VLA AR S5 00T a0 B Bl Ak 2 0 X
k.,

K1 AR ETRER K EIEEISLL
(B AL : (°)/s)
Tab.1 Comparison of the peak value of
disturbance residual of system under
different disturbance

(Uint: (°)/s)

frequencies

Residual peak Residual peak

value under value under

Frequency/Hz  Controller .
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LADRC 0.158 0.024
F=0.5
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