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Intelligent Correction Technology of UAYV Flying Control System

Based on Online Simulation

RAN Jian', TONG Jiahui"*
(1. Beijing Electro-Mechanical Engineering Institute, Beijing, 100074, China; 2. Science and Technology on Complex System

Control and Intelligent Agent Cooperation Laboratory, Beijing, 100074, China)

Abstract: Aiming at the problem of low intellectualization of program controlled unmanned aerial vehicle

(UAV), intelligent correction method for flight control system based on online simulation system is

proposed. Online state monitoring and anlysis, real-time updating of simulation model and other technologies

are used. UAV online simulation system is designed to auxiliary controll UAV s track correction and speed

correction. Intelligence of UAV flight control is improved further. Through UAV mathematical model

simulation system and simulation and test system of flight control system hardware in loop, experimental

verification is conducted. The effective combination of intelligent correction technology and man in the loop

control method 1s realized.

Key words: intelligent correction; unnanned aerial vehicle (UAV) ; online simulation system; flying control

system
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Fig.1 Composition of UAV aided decision command and

intelligent correction system
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Fig.2 Control principle structure of UAV online simulation

system

2 EANERENS VEREERE
RIEFEH X EHRA

To NHLRAT 45 i F S8 BE AL IE £ 52 AR T AL
TRAT LI NI B AR A b B S D7 AR i S
%t CAT R BEAT AR TN 23 A, OF T RAT R AR
SR BEMIE
2.1 T ANEIRESE R SR 54T

Bt 09 St g 5 00, 2 EA 34T TR A
F = (1) A 1 BT AL S AL S 358 % J 2t 0 3t 1149 22 B0
A HhRE AR AT g B S B AR R T, R
A5 a7 e B AT RO 5 (2) DAy e o 00 Bk 4 {1
A LA SE T AR S I 22 5, AT $ s 5, 1
P8P N B AR P SR AR R 5 (3) O S i A dl L X
BB B B A, 52 OB HeX 2 ST G B 2 i R
2.1.1 4 AR LA E

il i JC AHLAL B T R G (P =S 4 k Bh
BLIEL B2 A2 B 45 ) 1 S it B, RE A8 S i il 4 B
KA B 5 B B 8 DR A 2 1) 1) O 22, T U 0
R R TR S M AE o

AT AL R A% g 18 O 1], 7 075 R GE A
B 55 rp AR A 55 4 D PR A

1 .
p—|—5pv2+‘0gh:C (1)
ﬁ*:C%*?ﬁ%;%vaﬂﬂﬁjﬁ‘élﬁo & (DAL

5
1

g= - o0’ (2)
L=f(q,S,C) (3)
M=g(q,S,C,v) (4)

Jo NHLE B RE 8 1 F g A an X (2—
DR, H S8 g R, vt 2 M, o R U
JE,S N Jym A, AT UL, Bl eI LA K s

Wi 7B B T R PRI s AR A T
B PEXT T AHL AT R MAAR K o 1 A5 KL Ko A Y
H e s I (A 7 L AR G P B
YR g SR, EAT RLE) ) - i S A e AT AT o
2.1.2 TRATHYE 5 AT

K 015 L7 58 1 S I A B B 5 T8 AHLSE B R
A7 00 38 DU BCHE AT S e X, O HL45 Hh TS A AL 22
PR B0 o MR B 228 ok S A T 1) £ AR, O TGN
BLCAT P BEAE v o Bcdl ST 0 A O R A BT 3 s

KIERGIE
(NTFERE)

3 BE S A AR

Fig.3 Flow chart of data real-time analysis
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cessing
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Fig.5 Curves of manual remote control changing height
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Fig.6 Curves of manual remote control changing speed
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Fig.7 Flight path curves of master UAV and slave UAV

414
— FHGE ML
— MHLEERE 22
& 40.8F
g:d
iy
4021

0 100 200 300 400 500 600 700
t/s

8 F B4 B il £k K
Fig.8 Latitude curves of master UAV and slave UAV

M8 Hal LLFE 7 SCIE B2 550k n] LA S BLAE
— & I IR] A, MBI B 2 B 0 Al R 0 A R
58 MUAL B BRI

R UL A2 B BT 1 75 255 FE ) 1] [ 28
R EERIE

(1) 7 Mo ThT Ky 05 EC B BE i i DB 4 LK I 45
DB, TGRS S TR R G A% 18 1 6]
AR g B ] $E BE 4 [R) 22 35

()BCFDF E R G R RTX SRR RS ik
T 0F {77 AR TR figp A0 A o S I P A

(3)AE K M — [R5 AT BPRZS T, A7 76 B Hls
B B SE R R O B R AE S R S
.

P 9(a—d) it 7% 23 331 9 AL O £ BL) IF 46 38

R RS R A R R AT AR R PR B U AN IR ER Y

(a) Track from slave UAV

ARERED ARERE D

(c) Slave UAV track after (d) Slave UAV change height
height changing without track

(T BHMZ AN, BEMEZAINL)
PO XL RE A 1 £ ECRE 8L 52 B
Fig.9 Simulation realization of intelligent correction of dual

UAVs

<xo- Emmm— -
103.0000%0 109,700 04500000 108, 250000 106

P SB35 S o5
TR W2 I

3 % it

R SCAE 24 i 2R T N B R Ky ) AR
Go 5 AT A B AR G e ) 5 EL K R B, T
OGO AT A, 92 B S TR LA AE A
A TRIER G, X i 5 1k o8 R BR B IR o S
B 7% JE R 2 A0 B T S A 1l g% (9 A (8] A% 0, BEAT
AH L 3631

ARSCHFIE T3 T AR L5 H AR G JC AL s
R GUR RERCIEE T BOR  TEAIE AR T T ANLEE T05
FLAR GU B D RS R RE A IE 4R Y S HE R R .
XA R IE AR ST ) R A, S B RE AL IE 1
AR5 NTE [\ 3% 45 6 5 ik 85 o W] SR L B
AEH ZA G JC NP B B SR 1R 15 SR RE AL IE R 4L
BT RIS B, A RO R = T JC AL R R AR
i B B A 4 RE ALK F-

Sk

(1] RA5 ARk AR, 55 C AHLR S 11 3292 0 4
ARWETE R 5 S e F [T]. 1 Py BHE R 22 4l



800 CZRNDTN R N N S %51 %
2010,32(3) : 115-120. 2016.

[2]

[5]

[8]

[9]

ZHU Huayong, NIU Yifeng, SHEN Lincheng, et al.
State of the art and trends of autonomous control of
uav systems [J]. Journal of National University of
Defense Technology,2010,32(3):115-120.

WRos AL, BB Bh, 80, 5 T ML B 45 1 5 2 e
HAGEEMWET[T] iz 24, 2011,6: 1075-1082.
CHEN Zongji, WEI Jinzhong, WANG Yingxun, et
al. UAV autonomous control levels and system
structure[ J|. Acta Aeronautica et Astronautica Sinica,
2011,6: 1075-1082.

REICHARD K M, BANKS J, EDDIE C C, et al.
Intelligent self - situational awareness for increased
autonomy, reduced operat ional risk, and improved
capability: AIAA 2005 - 2692 [R]. USA: AIAA,
2005: 1-8.

WARD D G, SHARMA M, RICHARDS N D, et
al. Intelligent control of unmanned air vehicles-
program summary and representative results: AIAA
2003-6641[R]. USA: ATAA, 2003: 1-10.
JOHNSON T L, SUTHERLANDH A, BUSH S
F, et al. The TRAC mission manager autonomous
control executive[ C]//Proc IEEE Aerospace Conf.
[S.I.]: IEEE, 2001: 639-646.

CHENG Z Q. Dynamic inversion and model predict-
ive control for unmanned aerial vehicles[D]. Ottawa:
University of Ottawa, 2004.

BRI PG N R T AT R AWM T AN
FERBA R T [T AR 78R, 2014,37
(13): 22-25.

HAN Quanquan, XI Qingbiao, LIU Huixia, et al.
Development trends of UAVs control technology
based on flight safety [J]. Modern Electronics Tech-
nique, 2014,37(13): 22-25.

AT JCANLA AT AR R Y
(DI R W R 3 Tl K2, 2013.

HUANG
planning and replanning for UAVs [D]. Harbin:

Jianjun. Research on methods of path
Harbin Institute of Technology, 2013.

W 2N A EAES5 MR T LD ] M at
LA LR K2, 2016.

GAO Chen. Autonomous mission planning method for
aerial  vehicles[D]. Nanjing:

multiple  unmanned

Nanjing University of Aeronautics and Astronautics,

[10]

[11]

[13]

[14]

[15]

TR, A ki SRAE 55 . 2 T8 ML A F B[Rl 1 e
HI7EIM L AR [F1 P7 Tl AL, 2013.

SHEN Lincheng, NIU Yifeng, ZHU Huayong.
Theories and methods of autonomous cooperative
control for multiple UAVs[ M ]. Beijing: National De-
fense Industry Press,2013.

SR, S R E A AL R R AL A B L
T[], R G0 BoE 4, 2015, 27(8) : 1853~
1860.

ZHANG Qing, RAN lJian, HOU Yujun. Research on
online interaction simulation method of UAV flight
control system [J]. Journal of System Simulation,
2015, 27(8): 1853-1860.

SEVL AR R B, A BT I ) IR 55 0 £ T8 A HLAE
By P s A JAE OO B [T]. R Hag e, 2012, 24
(12): 2525-2529.

WU Jiang, ZHAO Shiyu, ZHOU Rui,

Simulation integration of decision aiding based on

et al.
service - oriented for multiple UAVs [J]. Journal of
System Simulation, 2012,24(12) : 2525-2529.

ST RPN T3 AR RAS TE L2 ) i A% 7R 26
BEIELT]. 30 S 24, 2015,35(5) : 159-164.
SHENG Wei, HAN Xiao, SUN Dingsheng. Online
airspeed measurement drift calibration for low - cost
UAV [J]. Journal of Projectiles, Rockets, Missiles
and Guidance, 2015,35(5): 159-164.

SURAR AU/ R T PR i 3R e A% Ik s il 12
Wr i) 75 %€ 5 05 5 LT) i B AL B, 2005, 11(22) -
53-55.

JIA Caijuan, ZHU Xiaoping, ZHOU Zhou. The
study and simulation of sensor fault diagnosis for an
UAV control system[J]. Computer Simulation, 2005,
11(22): 53-55.

YU X, LIU Z X, ZHANG Y M. Fault - tolerant
formation control of multiple UAVs in the presence of
actuator faults [J]. Journal of Robust and Nonlinear
Control, 2016,26(12): 3467.

FEIE W] . T B XKL B[] A 328 R 5] £ AR B 58 [ D
AU AL LR R, 2015,

CHENG Xiaoming. Research on cooperative path
vehicles[D].

Nanjing University of Aeronautics

. m

planning for two unmaned aerial

Nanjing: and

Astronautics, 2015.

(% % . 5 3%)



