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Abstract

Unmanned aerial vehicles (UAVs) have found extensive applications across diverse sectors and industries. Among the pivotal
components of rotary-wing UAV systems, flight control algorithms stand out. Traditional flight control algorithms are plagued by
shortcomings such as poor resistance to disturbances and low control precision. In this study, we propose a robust SE(3) flight control
algorithm based on artificial intelligence. Our approach begins with modeling the dynamics of quadrotor UAVs and crafting precise error
model functions. Through a blend of theoretical analysis, simulation, and experimental validation of UAV trajectory tracking precision,
our developed flight control algorithm demonstrates a marked reduction in tracking errors and showcases commendable stability.

Keywords
Artificial Intelligence; quadrotor; flight control system; control algorithm

ETAIBRHTANEE CVUEREHAR

ARpRE ' X vg ? EIE

1 N TR B S Sl TR e, thE - 1195 1M 221018
2. N AR SHaEIR e, thE - {175 50 221018

mE

A EZRAMBEAT ZATEATELEANTIK, I RAAREARANNZS, BRI EEERTRED 2 HHMHE
MRAg B b, AR BE T A TATHRGEESHGSEG) kix ik, TRAERARANE LRI T S EITRIZ
AR ERANG S FARERGATEAEL, R E | RERZEE RRRA SRR, BB S
A, FRME A AN AT IR IGAT AT AT, R0 A SR AR KIS KR IR £, A A BT,

KA
ATHHe; WRERAI; W AG; Hh

S NEB LR s AT S . SEEgERRAR, 1B
Y BRI TR B T BT, BUS T

15|18
B T AR ARROH SRR R, AN E LA B

WENIVHNEE TR EX—BOREHIRE T, WEE
IEVENTERTE AN ARG OERGSY, HAERE T AN
MTRE AR R E 2R EEER. Aif, ZEn
CUREEAE D NS TR R R LA T BRI,
FEHNE A VTRE T R T RE DA . 2
BN = & 2, XAOERE T EANEE AEME
IR, D2 T H7ERS MR ERE S T TR B s

ARG WS EET A ERIRL, ISR T— AT A
TERERIERE S B VBB RS N T
FERSAHOR, B PMER S BN S EAREE, Sl T

[fEZR-T] SBKE% (1990-) , 5B, PELAHA, ML,
MBEBN s NSRRI AN AR

20

ADREEE .

2 M8 Tt AWL3h /1R E

Te NALED 7 A Sk s B S s S B 8
R, SRR R WO AAR R, PR AR A
ATNILEHBFZIOE, BIRAg R AAIER (ENU) ,
AR R S RHEE ., REBETANBsIR AT . Pl
RFRAFUSAI T EANU L (BIEEANURESYST)
HUARMPRAR xyz Fo &l 1 BroR.

PUBESE T AALI B ) FAREL AT L) 5y A9 60 1 Bl 2 R
BEh %, RDHEGR T ANEINEZS A AL B AL AR
Aefb, R AAIA SRR AR 3 Bl T AR A Feik 50
R



REIESATEBE - $05%5 - 5F 028 - 2024 £02 A

0 0 il
mp=| 0 |+R 0 (—uy) ( 1 )
—mg fi+fotfstfa
ff’x W, (f2—fa) o 2
I-|Wy |+ |0y X T= I(fs—f1) (— us) (2 )
a,| Lo My — My+M; — M, uy

He, fidds AN B EERIHETD s M~M, Py 1
DA B R T AR, st En] Dist
KIS 0~ AHLARLAPRA B ARREL

B 1 MieE T AWEhHFEE

SE T AIEREMMNAINEEE PID =588 1T

PID (EBBIRRSM sy ) 23w 7R PR AR A 23 1 SR
Z—. BTHEEWNE, Rt fm s, iz
TS e, H B H ATE T AN 2] T 5% 8
Mo W T AZNEH, &6 RARY PID #5145, H
ERNUEZEAZ G . SRS . IR RIRS 25,
K AL PID #3188 Tk BUS R IF I Hls R . EARSC#
HiTHET SE3) HUMUARRER S, PID §i%, Jfetnd 2 Fir.

PP P00y, 0.,y g

P Be Witey up u "
| ummoe | mmeme 0 ssmme [0

Ll

B 2 MU7ESE T A AL B TR ) 2R 1 224

3.1 £F SE(3) #J PID A=

e PR R ISR I A S IR 2 I T AT IR, T
FEAROTNETRS RS, R . b T iR
— [, BATSIAT RPAREIRL . %A F BN
IO SRR B AR, DB AR A 5508
B DHIMOMIE T REERUR, Hhal R EIE), DL
(AR B G P AR 2 2 AT B TE IR R s . =
BT S EHIRSE B NAHA R, RIE L TRIRE
Hlles W BRI A BIE . SNAISHI S, BN E] AR,
INERES A 5 ML R R R, mNIREHEE
eSS NA E g R B ANEIM L5 R . FETR AN

AT, AT HSRARHE T, TROTRA TR
[sEd . ENE R T T2, FEsiEsEd
FofpiaskmfeE A ar A B BRI A T A,
Sl gs Bt PID f il ffE B AL RIS Hl e BT AR
AS(ETE R, TR TR DGR S s, SMAHI AR, N
INZ IR . 4T ANLZ R s, REshlgsaensih
A AR (0 As (k, HEREATRARI A PID f5, MiffREE
et
3.2 LB

FETNEE R, (B S S R T AN
HEZEPRIGIE, RSB AN BED VTR, 5 T
GrEEH, HEAAHAIRA FHETLT AN =40rE, H
FRACEOTESEIE M x A y i, B HIE I 2 fh, X
PR R AR RRTAT, DABRTE AR =422 i RS
i KT 1SR AROAR TR R (B, RER
FREEESHER, YMAAAEIREER. MBI R T ANAE
FIREFROIE, ATDURES SARFR. HOTm T E HAAPRa,
UHIAIE . WERAEET AN S RIAIE R AHE,
FIREIEIEIRE, YA EEAECI B AR B
G B EI R INA R P ESHIES, TR B2 SR e H
REAEE, (i AR R R E . I MR
IR, RN RPRINIEIRE A . RIS
JENER PID 23728, B R 2 Ry RS AR,
FAECBI—FR S — R 5 ks, Hia AV,
e s A B
3.3 E¥EH

FARE IR S TE AL T IR 20 BARIRES,
HIBREE . ArEEHIRh L A S SR 0L, T AR
RS HERITBASE], GRIRD. FEfm s, by
BRI /R EIEIASE], FAREESHIZS A SNAR P i5HIRs,
DIAPREIRZE A, FaH A e, A s RN
HIBSHORI, S PRI Fss A R FR A AR
IR A . I AR R R GTEL, &8 RREEN
BRI OUATE . M H 2 ANER PID f3Hl2s, DA
HEIRZE AR, Wl AEEEE., XMEhlERa TR
GAEEIZEETIE A A PWM 5 Shai i,
34 IREFREIEITE S

TR TN BRI A o0 (T) = [re(D), (D], H
b R AR A, WA T ER 2 R LR 2 73 B E XA

ey =T1—Tr,e,=7—17

W B TR HIEB O T AN
Fles =— erp - K,e, + mgz,, + mir

ST RNNESIRZE, RART SEQ) AUIRZEREL:

1
er =5 (RiuRY = Ry"Racs)

des

Horf, VEZRM SO3) B R Y vee BLGS

21



REIESATEBE - $05%5 - 5F 028 - 2024 £02 A

4 {FESZWSHh
4.1 {FERIE

AT BB IS T R RS Bk AR B DL AR PR TR
PERsE o fa e e, KW 58 8 ROS (Robot Operating
System ) s ARSI T (78 AR, i rviz ATk
TEM TR EoR, DUES st i A o6
TESEgeHh, TR T 2B RINBEERENER 2SS, BUR
Kb, Tl TR A T 3 s RRIUHER L TR IR,
PUBERE T AN LIRS HIFLT SE(3) AU KB TR RIR
. A TIHRIES TN R EER T, Tl
HRERER AR S AT sl XEdishnlgEiEN 7. =
N HABSNS TR Z, X AT DL LS 6 sl
SRR E .

& 3 ROS fAEIME WEE ZMIX

LI R T, Frisih i) R BRI TR A
HRERS A RS TR (EAA B2 H IR ERERE . BAok
d, FUNRRRESS R AT, PObes TR R T rfa et
AERE . XERIAFTHRH A U EEEEE A0 TR
BERIARRE MR B — e RGN RE RS, RERSSLBRT
SRR RIRE TS
4.2 KITE

AT BT HITTEL T AT OPUBE R R B AR S PR
7R A B R R, BRI T — & AL TS
TKATINR . X ETANEES T EMMERES, SIS
D435 FAHL. T265 IBEAEHLFT GPS &, X EEREZE VA G
ST AHLBERS A = N RN SN h EP RS TR L
EENIRE T, BATRAT SLAM SZREAr SEERA,
CHRES IR TE ANULEIRA GPS (S5 0lE 0L FthRES I/ TS
WARERL. E KT, AT SEE T AN T
Bhagy, SN RS S SR T 2 A R 2
22

WU HRXNENZES, BATIDLEATEANE xyz =
FRRAIRIEERZE . X — YR Tl BRI REE
HE, RACHERMR TBEEELPR W ioishiis B
B, W TATE AN IS E S PR VTENRE,
RURTAREITE ANUAE xyz = MR KERERIRZE , B2IRIREEEL
fEIZ 1 Brm. BAWE-EL0E 4 Brx.

F 1 HUTRGRERIRZENK

PUjER ¥ e e 104.32m
X AR KAwZE 0.245m
Y R mE 0.351m
Z R KwZE 0.739m
i N2 0.319

4 EANTA

BESh, FABERS T AR EAPESEH . €
Frm I R ST TR AT . XS
FATE AR FIRER TIPS U EER MR R X L, 18
B SN ATIX R, Bl Ta] DL i A A
SEBR KATHEVREL, O H vt TSR TR O
aPITEFRIEI

5 &5iE

RRSRI, ATHIRETT T — Pk T AT EEE SE(3) 1
REEMRPUERE I TIRHI RS, W IET ROS HLas NHR(E
SEERNFEASY MR, e EGR B RIEEAS LA, X
B BT T 2R EIERIEY . SRIGLE IR R,
LR A AT RO TP A TIPSR R AT RS
PREESSR, AN E £ T hR O T A Sy
o AR TIERLUE— S IACET:, $Ram S SO
NIRRT SRR, M R LT 2 SR R R K o
52 3Lk
[1]  SkME— FIBHE, A, 55 2L T PixHawk KIS [IPUERE T AHLIETS

AL A BRI 41,2023 (3):20-22+36.

[2] I A B PUBEE T AN Wi A 905 SB[ I]. 6]
Iy AR (8 2R E#)),2021(4):46-50.
[3] Wt ik, F <75 Pixhawk ¥ RS0 FIPUBERL TC AHLE A §ITHIAR

F7E 0] B - 5L 2021(7):86-88.



