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Research on hover attitude angle control of unmanned helicopter
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Abstract: In order to improve the control accuracy of attitude angles and enhance the anti-interference ability of
unmanned helicopter, a novel ESO-1.QG-PI control method for TREX 7001 helicopter is proposed. By considering the
high non-linearity of the helicopter system, a class of small disturbance incremental linearization processing approach is
adopted. Meanwhile, an extended state observer (ES(Q) is used to estimate and compensate the system disturbance in
real time. The proportional integral (PI) controller is added to reduce the steady-state error caused by input signals,
then linear quadratic Gaussian (1.QG) controller is presented to obtain the optimal control gain. Summing up the
advantages of PI and 1.QG, this paper proposes an ESO-L.QG-PI control method. The experimental results show that
the hovering attitude controller of unmanned helicopter improves the control precision of the control system, the error

range of attitude angle is £0.5°, Tt can realize the hovering control of the helicopter well, and has anti-interference
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ability.

Keywords: [.QG-PI controller;attitude angle control;helicopter modeling ;s extended state observer(ESQO)

5]

TENBELTHOUERAE R, pL gl Mo wT LA S B0 o A I
TR BEAFIIE. H O PR TS R R BB AR
W& JC A B THHL A B A o A 6 6 A T LA A
FEALBRB 2

NI —Fh 5 A 25 1 AR 2t GRAS & I 15
RIXT G . AT ZHLA R A AT By 2 AR A e ST Ok
Ak H PR X L PEAE )RR AR T A e LR A BRAS B AL ) 454

T

W RS H . 2021-09-07

REBSREFN T EBAEANSHES . B, RFH
MG AL AT B R A A O vk R L R A B
(proportion-integration-differentiation, PID) ¥, #f i H
FHREOHAGE R, T — A &t A PR,
2SN SE AR GRS T R LA SR IR R 42, PID 48 1) Jo ik
IRAG BLIF Ao Ny A 1 L e Z B R, B R BRI T e Y
PR R TC N BT HLIE ) Oy s ok L 22 T4k BT I R
W F B 0 RS Hooo BB e i A
BT TRV BT A A TR g B e

* BT H B R H AR 24 (61811530036) L THHEE T E K KT H (JYT19002) ¥ i)

o 14



REH F. A TFESO-LQGPI#AAAIIEIZREAIEHHL 55 24 31
FTERTABIVIES R R® . s ME AL FRITnEfSE,

PE k8 45 # #8 (linear quadratic regulator, LQR) X B
FHHL A 4 375 BRI 1 B8 1) 5 T FTGA p E AT T R
a7 A RS B 3 W IR AV A R AR B B R B R AR AR
iR 22RO RS BE AN 8 4 5 SOk (4 R R 7 B 3 1
T B L B SO PID 450 2% . 5B PID 46
A LY L BOA S P g B AT S R 1 R s SCIRL5 ISR
FH B 3 R 2R R £ PID By a6 77 ik 18 8 0 A WL E I 4 4S
iR R R 22 R Ak, S REAE T & M # S PID;
SCHRL6 AR 315 /N 38 25 58 BEF1 Hoo B (i F Hoo %5 i 45 i 4%
53 RS B AL A I IS AR AR AN AL B AR AR AT T
Wit G RRWER S E RIS, SCRI7-8140 5%
T30 BB il R Ao 2 B0 B8 ] SE X L A L H
XM EETEREMMULKERAEIRTEARS
SCHL,

LQR 22— L S B &%, )12 B F & 742 1)
LT EAKE T R GRS FER A WS R,
LQR Wit B FE A E 2 4 @ FI R LA PrlE AR A0
RECR/D. HEEENE, LQR 22—/ HAMEH S, B
e E B GRS AR AT AR AT A O H &2 R
SEICMEFE RS SR AN T R SR BT A RS R X Y T
HME SR ANETLRAN. BT HRRXABE AT
2 — R & B (linear quadratic Gaussian, LQG) #H 4% AR,
TEE—MTERRSEEMITHN LQR EHHE R, B8
TAERB %07 i BA —E BB R, EA RO i e JT 5 48
PR BENLR RS A, oAb, 3 FROIR S WL 4% (extended state
observer, ESO) ] LA i 3k £ 3+ Fkb 2 R Jn iy R g h™ .
ARICHEGE T #HT ESO-LQG-PI I R A B A HLE 5%
SR, LA ALIGN A REF R RIEE W BRI L
ANETHHLCTREX 700L) ARFSEX & B IR RV & Bikit
THF PIXHAWK WAl R4 .

HARES BN S E A 48 B R M A RS A )
JrRR, HW B T 5T PIXHAWK WAT £ 5 4 1) AT 4%
WRE &I T T LQG-PI ¥ & . Rt FHT R
WM AX RGNS #4713, RS, &£ TREX 700L B
THLE#EAT T RAeTilEe . S5RERW . BIrEBEE R
M RS RIR I BB S A - P IEL T HA S
P TN BT LB AR E B R A RAT

AW EZETHRNT -

DS IMA CHRLI-3IA ML A S0 T — FhRE AR 34 1 5k
TR TREX 700L 32 3 B JH L (PIXHAWK) ) 5 G 4%
#1752 (ESO-LQG-PD ,

2)RET LQG A PTHH1 5k, FI ] ESO fiit & 404k
LRI T —Fi i ESO-LQG-PI 48 7 ¥, % 7 B A LU
AR ARAS  R B T AR ), AR SR B I AUR

DHMT —EBATIEANATHIET ESO K= H
MEZL . 255 o N B THHIL B9 sk f5 2 25 A 4 o) [l BT AT 2L R o

1 REREa

CITRH RAE LR ITERI B, AS0ER
PIXHAWK &, K8 T i 2 & 84, X 2k L RAR aeig
RUAEATFRGE RN REHIR. s T AETILR
PERG ARG HINE 1 FiR R R RS 225k
E DL % 48 (global position system, GPS) | i 1 W) & %% &
(inertial measurement unit, IMU, 5 WA EE p.q.r M0
W a, va,a ) Y VN B A IR S AT
B b S

GPS | HUTET B
IMU > REEEER »{ AT
MEPHR B |« > EER
B 1 EIMW EREBIREGHE

2 ERANHNFER

BN FEHERE BRI MG K FREEREE
HH M. —HRUL, T CHLMW AR e S 2 R AT DL
6 AHEB FBERES FHESTEAI . E6 ARE
18 3l 7 R N B TR B e L T At A e
2.1 EAEANRGHHZERE

MBI TE N H AL L LT 44

D RNE F AU 55010 35 5 G R

)T NHF AR 1) 247 % Fr LA a7 46 % # 15T PE 4R
AR =

DFEHE ANMERE A B EER BT

DO BRI T Bl E 2 . A 5.

TR MBS EH MR ER U RERE R
A A T E T AFNIES) . BT 43
FEIR G AR B AN AT IL, B DL S B A PLAL T &
15 25 B ST A, S 2 A0 8 A R R T L RS AN

RYg A= Rh r 2, T AL 6 B MRS T

E I E-ZNy
[ or —wq — gsinf +a,
o | = |wp —ur+ gsingcosd +a, (D
LW uq — vp + geosgcosd +a.
(I, —1I.)gr L |
b I. L.
U —=1Lopr M
q} B Iyy +I.‘/}‘ (2)
;
N (I,.,—I1,)0pg N
I. Jr[zt

e 15



F R K

44 % L
95. 1 singtand cos¢tand p
gl = 10 cosg — sing q (3
; 0 sing/cosf cosg/cosd ] |r

KO REHAY A IER &R, RCG)AH
TR AR E S LS AN KRB, ENREIRR k.
wow HEIHLILEETE 3 M B A&, 2 B 4
LRMPE AR B A R R, pog.r AEFNAA
HEETE 3 NP AR B0y, 2 Ry TR B A BT L A
FIHEERRALAEE . a,.a,.a. HETHHLIE 3 A8 E s
WEE . 6.0 AR EFHALEY R B A I A g AT,
O #£+90, I, I, I rBINEAVLE oy 2 B
shR i, 7630 BRI B AL B 4 O s BRI IR 2 — A4~
XFRRGE R B A R T, L. I, 8 0, L M.N AL
NHEFHAENARBIRRT 3 M LR &4 HERE.L K
TR 1A M A 14 N R AL 14
2.2 EAEANMZEENFEES

R P B IR SRR — B 4 BRI T E
By miEsiiash, ML AETHRESE RS H
AR R AN DG,

a = *q*ti‘FA[,b F A tt o, T At 4
- f

, b
b = *P*%“FBUQ +Blunuluu+B/a/ulal (5
f

KOG BRI FIES A o M RIRDI A 0 155
AXfe, P e, HERENM RIS, A, 1B, HHFEA
B 0 A SR E B RS R AT, AL M B, &
B2 G 1) T T AR ) 2 W s S 8. AL, M1 B 4
91 2 7 G 1) J) 305 2 I et G o L L A P (R AR 1
20 R ) e LT R AR L i A0 wg, S BIE R
D Te] [ T A8 BB A ) SR B AR B
2.3 TAEAHERZEEL

RPN TEANARNRERELMN, AT oA
FHHL I 1 A A2 s BLA AR F 5T 0 N L T ML AT 4R e
AT DL R A B s B By AR B B R B
12 Bl 45 2 F e AR R T R A 4R bk s ) O R SR T
8

HIEETY THEHS I PREEN 4 M ERHEM AT
FHLRATB) Sy AR LRt/ Bl B R S T 2

A+ = AAx +BAS +E (6)
K

Ax = [Au Av AwAp Ag Ar Ag A Ad Aa, Ab, "

A8 = [ A8, AS e A8 1oy A8 oy |”

A HRGERBEE B HERIERE . E B RSN A E
HE., RF M AS 0 AS e A o T AS Lo AT R R FHEE
P 3L AR ) 30 A B A v R A T R K A A O A A
Mo E., B SEE I R Eh R BRI,

¢ 16

A8 e FI AS,, T8I B HF BABUR AR P £ R RIS
By BN AR TR A TR 5 AG . 18 3 U R IR A AR
A ) i 3 L ) DT 4% 1 i A T 5 A i i R A
LA R R BT AL

¥ 1 p TREX 7001 BLTHHLEY £ 2 2 80 % 00 & 0
i e R A 4R T S PR AR TR B 1 A R 9 R AT
Bt R I BUEIR 09 R G BER B R 7 v X BN BT
B ARTA (s AU 168 10 2 ) R AT A AR AR I S B SR B
SEREPEAT 30T 0 BERAS B R RR R i AT LA L S T
ANBETHHLE H A IR T2 bR R MR BRI 240, AR E A
B Rl HmT.

%1 TREX7T00L EFANMTESH

S804 B E 2NN
ML/ mm 1 350
ML &/ mm 362
HLE 58/ mm 195
FiEHE K/ mm 700
FEEE HE/ mm 1582
RRE A/ mm 281
EHECRFTHEIM /g 3310
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