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Fig. 1 UAV classification based on wing shapes and flying principles
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Fig. 2 Classification of UAVs based on weights and flight performance
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Fig. 3 General system architecture of UAV
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Fig. 4 Key technologies towards UAV autonomy
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Fig. 5 Concept and functions of sensing and
avoidance of UAVs
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Fig. 6 Concept and structure of FDD and FTC for UAVs



S 2017,35(7)

SCIENCE & TECHNOLOGY REVIEW

AR ML IR AT AL FniE R
TR A A TSRS W, ST T AL B
PRI K, TS Wl B R
R H Y, YRS E RS,
AR TC AL R GE A B 9T 7% 1 E
15 Zomt HEIR S 3R, F A T A ML
IR TC DL e AR — 2 AT 55
PATHE ST . SCHR[10].[17]2534 T BN
HUE RIS 5 25 R4 THI T R e
2.3 ETAHBEIEHEAR

TEH S E ARSI A3
o PUAT T[] 25 B A SR 5 e B AR VR TG
ABLA T B8 5 %A 55 I RS L)
., ZIC AHLEE R B A e R
FHIG R 55 (i , (A5 i 250 58 i A2
HZ AT 55 (CANGEIREhHR 5 WD | BRAK
KO W5 I BT KRR K
F R A A5 s S o
A Yl A FAIPAS (X Y e S
H s T 51 85 1K X AL 55 ) iR o] g2,
H i, ZJo NALAL BN 7 v mT 43 R B
RN i = W X I i B BN
Y% . Z T NV AR R 5T 322 0]
O3 BRI W P S FA 2 A T
o O T AN HABTE N2 3h A G
A il 77 vk 5 D[] SR W (R B Pl 2 AL
SCHR[26]

TMWEZEHENH FEWZREZT
L R 5 B P R AT 55 1 A 2 55 1
Z " e 7 iR 2B ALY
] AR v, 7853 I A 2R TE AL B

ZH. e RS R TEANLAE R
SR FIANIRMT 55 T 1k , i A 0T
DM EI M
WEFHEHRN T KEN T
MBI R AR BOG, IS T8
# . Ren fl Beard ZIZHI9Y 1 53
FINESF AN A 1 50 0 AR A 5 22 Bl — Bk
[, i K2 Chen 3T — 850 7]
B WEIE T 25800 AL BRI s
JEFH T BRI ™, S [ RRAE BT
Bt How PR ZH ) ] 73 A 227 > 5w
PR T Z TP EFE S AL,
TEIR G AN T B B0 T BE AR L
B B s E— A kA B g 2 ST LA
$E T 220 AHLE RE PR 45 1 2R GEHE
R 3 H a2 A B JE K % Kumar B
FEAT PSR T AR TC AL O3 [ 4 o e
TRy R R & 8 B0 2 AR 52 3
20 2R A O e 3 e AHL A g BL R
A3 ik — 202 B B T APl AR
IS LY (AR RIX) Gt BA B A 2%
1145 R LA T B R TE N
BIL PR [ 4 i T 2, S g 1] <7 R 2
Chen PR IR X 2 T AHLA A1 3
[l AR TR TWF9E TAE. HAkok
U, Chen A 5T H Bt 1 &S 45
TSR mEH T 2 T AW BAORASE , I H]
Lipschitz Lyapunov & %L F1EF 1 40 #1
TR AIE P PR AR ) AR G 0 A E TR
THHERFP ARSI T 2 TN
MLARBAFE T 3B Sl I s fiff

B7 ZEANBERE

Fig. 7 lllustration of multiple UAVs cooperation
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New developments on key techniques in UAV autonomous control

ZHANG Youmin'?, YU Xiang’, QU Yaohong’, LIU Ding'

1. Shaanxi Key Laboratory of Complex System Control and Intelligent Information Processing; Department of Information and
Control Engineering, Xi‘an University of Technology, Xi‘an 710048, China

2. Department of Mechanical and Industrial Engineering, Concordia University, Montreal H3G 1M8, Canada

3. School of Automation, Northwestern Polytechnical University, Xi‘an 710072, China

Abstract Unmanned aerial vehicles (UAVs) have drawn significant interests worldwide due to the huge potential of being applied to both
civilian and military areas. Autonomy is considered as one of the most challenging issues in the research and design process of UAVs.
Firstly, classifications and system architectures of UAVs are presented in this paper. Secondly, since sense and avoid (S&A), fault detection
and diagnosis (FDD) and fault—tolerant control (FTC), and cooperative control are regarded as the key techniques for autonomous control of
UAVs, the principles of the three key techniques are described; and the latest development on the integration of the three key techniques,
known as fault—tolerant cooperative control (FTCC), is also presented. Then, the key UAV technique applications to aerial refueling and
forest resources and fire monitoring and detection are introduced. Finally, technical challenges and future directions are discussed.

Keywords UAVs; autonomous control; sense and avoid; fault detection and diagnosis and fault—tolerant control; cooperative control; fault—

tolerant cooperative control
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