S 2017,35(7)

SCIENCE & TECHNOLOGY REVIEW

FE AL H EE R AR K-S PRk

Aals

AL Tk T 2 AT B SR E B R PT, B4 710065

B/E TAUTHRENSENSE FABEEMERMRTANBEEFHRAZRAKNEZEDH, ATEEMSHEITE
BEARMES A ERETEERERNNEANRGR T ERES. RAXNBT LAV B EEZHIBE AR, 3T A8 E2H
KBEARNEZRIVKITT B4, FNER7.BR" M S E" A ERHE T XAV B EEHA RN EZREMBRER,

KR TAN; BEES; ATERE; ZHLHE,; FEES

BEE MBI, TEAPAE
B R [ SRR AT T R 4 15 T
o TEARAUR, TTANLEA A L
BHLBIRE ST R AT RE LN FUAE BAT 25 i
FERMEHRERG . R, L
AHLAT LGB HAR A RT3, h
AR GE SRR PRI i d {5
Tk B 7 A A AT B ik
T

ST TN A R B4 T 5 AL
RIREST , BT REP 14 [ Sz kg £ 42
ANBEWE AR [ B TCANE R IR R
BTFMZAEsFR . ik, A
il RE 7 94 Rk R AR TE AL AT 45
H RS KR EE A s, T IRAM
LSS CATIREEIY AR AN
FIRATAE 55 B 28, S i 37 1R 5
ESE SN WA REIE S NG R T
I B4 = AR B . N TR RE A g
RETT ST HOAR I AN BT 20 it 1 LA Pk
BBt TR

1 BEEHBHEES

BIER L PRy D cliUE S S
R A Sl Hob e A shis
il 48 B2 I N ToTT S I PG s i i
i, MRS R PR 254 2 h AN
PEFIE . JEAML A F 45 i R REAE
LRI SR A3, -5 U ) ol i 4 i

WFE AT AT e OF B E TR
U, 5 AP RAIT AR, TT AL
w A FEPERT LR 2 R LA AS TR Y )2
W Horpr, a2 0O I F AR S5
PEAT A WAALFR R “PAT)ZE T I Z IR
X0 T REF AT R, Wk 4L
2" B 2O R TR T
RN PRZ” . TERANEH RS
D BATIZDIRe R B T R 5
I (ACLPT ) , HEDM 2 G TE K
REATEHR ARG (ACL 2~440) , ik
FEWE T ITES SRR LR
W5 (ACL 5~104%) .

AR SCHEAY BT IC ML A Fa 7 2K
A EERn I SRR AR AR — R
JREEAR B M FT AL A E R A
R R R R 3 U R R
BOR(E2),

BRT T AMLARBE ST, BT A
PR B TC ML A A fihn
PRI SR AL R Xt T (2 e
A

5 7 TC AMLBE AL G BE ST, B
M T H IR AR EISH A an e A ML
UNEE N EPNG W R NI L
EATES

BA EITE
A GTREEESHE

ZaTeiTiEH

{EHEEE SESARES

| REB/ BRI TS F H ES5IAES =L |

TEL RIS SiHSitE
TEREEE 2R CITHER R

| S2BEEMER )
gEg ol e T AERE
E | g | i S
z SHEASE i
*Q EHEAERL)
* SHHHE

NEREE AL
g P X
*lg WS

SR RiER
*

TR
1 T AN
] B & v
B ,

BEROMAREY WAt

E1 TANZERFINEELEM
Fig. 1 Functional architecture of UAV management system

MAS B #9:2016-12-12; %= B #:2017-3-02

VB R B & FFR R, BER 7 6 A AR R, B F 4548 « pfshi@facri.com
FIRAKR: BT RAM A A5 AL EK[)]. FHHEFR, 2017, 35(7): 32-38; doi: 10.3981/j.issn.1000-7857.2017.07.003

32



Fl 548 2017,35(7)

8 (1IQ)
EistiER S RELD
+ MRESHLE)

. AR

- FSHEIRE

- BERE

i#m (AQ)
BEE SSRGS
- EEEE

- IR

- BRI

- EERNSHLE

5/ (EQ)

BN ERSEIZFMED

© TANILRERI
* BAZADE
« IHEIEATE

E2 FTAHBFEHREARSE
Fig. 2 Categories of autonomous control technologies for UAS

R TC DU R BUIAR DL E
T, RV 25 R o P 0 I 1 2 4
AR, G A B | R A AR AR
] RIEARE G -5 RS

2 HEARIMK

AR, BT 20 5 Bt &
et e A s R TR BE R
RSB A, NN A FEfE AR
KIBEATW N NTREBEHEABMK
SN FR RS, 219 R RS, 2R
IRy, T B IR B0 (14 R Sk A, Aok
AR AT fi H B0 R IR B 5 K d 0K B vk
LS A B & BB B it 20 tH 42
60,70 4E{X. 11 Shakey #2 Zh ¥l 7% A& T
TP IR 8 8N T Re B A AR R 1
W20 fi 22 90 4 AR A9 IR 5 (Deep
Blue) iHEHUE T 554 AW R FE
JIR 2000 4 LA ) Watson HLES A JE
AR AT AR R B AR A B
F1152016 4F 1) AlphaGo [FI L2 7 Il £
HAREL T LA~ BRIk sh i) #
RE R ECH R, FRiE, 5 A
THRREHARSA KRG B, AL
F T i AR S B BRIk sh 215 R
IR Zh , 2 AR K S Y & R g (&
3) o BARIR B I ik AR R AR A HE
T AN HLIE ¥ 2 40 KL A sh 2 g
07 s 5 A Bk 3l A A A
RFEHE R EIE AN A EREDS
At % R {5 B3RS A AR

KRR

MR A T — R T AN BAT 55
Rk L B4 B R R
K gh )y P EZEH FE B ATY 3
RN A3 R PSR A, AR SO
B R R A I A TN
HLA 3B A R KRR
21 HEEERR

& 522003 4E7E X45-A TCAML 52
BT WLE % A, 26242 X47-B 5
WEHLT 2012 4F 58 1% 1T RE i ) ERF
TEN, SR TIR AR K A 2016 AR 2 1K) T

E316 el

= ey

980s 2000

Watson

HiE&EEED |

HALE/MALE UAV

uTvV s
! !‘! | Eai e

— AREEEL

SCIENCE & TECHNOLOGY REVIEW

FIREAR Y Alpha 75 {5 EL25 F X B A B8
AT T AR RAT R (B 4) o
] PN TG A BILSE B e AL 6% R R 2 G
SSRGS, [ S I 2 Rk
TR A NTE N B g R ) TR
W IEEB AL T

ATLAR B, [N 5 E Ay F 222
FIAETC AN I 25 R B ik Ty
Mo 9% E A A ELE 2003—2014 4F
] 58 8 T SeiE 0 B B2 A AR 44K
4 CAFSIM) &1 VR R 36 E R R T A
PLYL TR 5 3 ) Sk R i 52— 1 B
B, =556 A 0 E N T
T LA B SR 5 N A BT R 5
WEMEE , S 800 BT B ik e e , &
AR AR TR AL
22 EEERR

A PR K2 2010 4E528E T 20
B e E TG AL P ) g BA R A, 36
014458 T X-47B L AHL S F/IA-
18 %Sk ML 1Y 2 BA 6 AT 5 40 kS o 5
IR 2015 4E5E I T KC=707 il 5
X—47B TC ML H 325 H i g e,
P ELRER CHLHIE A A 2015 4- 52 B A
2T AL BE R S HIL 0 T 7X R
% B A ABLIE AHLE ) 40 BARAT
(Kl5), WHfeREShEBFRHEE

AR
UCAVs

(Bt i) m———

ucav i

— EITEEIEENE
— GAERRE/BIFAE
—Tas/=

— TR AMARE

— BEE
— EIRSMES/ TEAR

2015 2020~

AlphaGo

o P ---HRIRE + SHHEIREN
'._f T — HiRgit -
i - BEES T
—HReni AR

E3 BEEHSAIERMHTER

Fig. 3 Parallel development of autonomous control and artificial intelligence

33



Fl 548 2017,35(7)

#i

SCIENCE & TECHNOLOGY REVIEW

(a) EFEEX45-AT AN L
ST HHMEEHEML

(b) EZEX47-BEM THE LR B ERE

B4 FTANBEEHEREHEBLR

(c) EEBRAENE TR
AT EEETRF Alpha

Fig. 4 Advances in IQ-related UAS autonomous control technologies

(a) B HERILARFIIT 2041
174 7 B2 1 1 5] 45 BA 2

(b) EFBEI=HIFHEEX-45A L
MEMIBE AR SHERARER X

(c) £ETIMETSHR
S HIAGT

E5 FTANBTEHHEREHELR

(d) EFE T X-47BLI T
5 KC707 inikI&iE

Fig. 5 Advances in EQ-related UAS autonomous control technologies

1N 5T 2016 AESEPE T 67 SRR ) [
FEFITCAMUERE R R RIS, T35 1
Z T 2 DV R 1Y) SO 4R 3G
AMUERFIE 4 5%

B 25 30T A Ok TRAT H 4120 M 4%
ARG, To ANHUEERE R A 8] A58 15
e PR L 1517 e WG IN TN 1N
TRAT R B B ST R B

] N A TS AL {5 R Sk T 5
AN K RS . (R RI R A
HLH 3SR 25 & R o
T AL ] B RRAE B e 5 A
;o
23 FEERR
LERQ-7T T IR T4
BRI, SCEL T O LR I AR

177, Rockwell Collins A R K HIE T F-18
A HURRL RALERE I 3 S8 O T 1Y
AT E AR, IS LK
FEl 26 MQ-8B“  J1 i ZEHL " R RQ-7A/B
To NALHEAT T TC AL B 18 2R G ot
(E16) o FEIRTC B REAEE =
A AR ) SRR AL T R
B, 5 EIMIA R R 2.

(a) EERQ-7"®F T ANBIL BFHIZH,

KR THETHRE AT

(b) Rockwell Collins A BI3&1E T F-18 45 Lk
AT R THEERIT

El6 TANBEEHBRAREEERR

(c) “MEEX LKA R RQ-7TA/BHTT
T AWBIHE RFEHITR

Fig. 6 Advances in AQ-related UAS autonomous control technologies



RS 2017,35(7)

3 MEHBKESESR

pWNGINEE T B N Py i
I RUEE T ) il ) &, 4% 55 F
B 2RI AR A ik 2 ] R AL 7 43
Y EIE SR AN AR SC T BE . ARSC
BRI R R 34 A8 R A B
NCINEE G B o N b3 S R e
L
3.1 &/

P& = T ML B2 T 158 TC
MHVMRIAE S e RE )y . AR UL,
EEE SRl k2 IR S 557
PN

1) AFEH RGEAMBIT

EEXELEi % Nl (IEPo e A
Y s DAE A S R g o 24
A, LT B IA B R G4,
TG DI RER 0 N RGN 4
B PRI 1), AR A RS R
W AT E . B AL A s ER
Se8 AR T LR 280 0S1 432 34
B2 B A 0 R G0 AT 55
Bk PUTEZADIREZ R, LE
PRUEAE 55 FIU sk 45 = R DI Re i i 5
2R AR G o AR PR UE)Z [
N 56 2 8 8 RO SRR L B2 Thfg i
AT LCRH R EIER . TALA F
P RGP, o] AR
sl o A 2B A /R R 4, A
iR EIE 2 (A4 1553B 5% 1394B
R B FC RESE) BT RS

2) A5 RHR S

WFFE 2 VERR TS 50 19 A 3225 %
PR SHIEA , BTN A THLN
AR, PR AP RS RE . 2S8R
PR 5 s il AR AT DL e A
) W —46 51— 5K —47 )7 (00-
DA RS ML, &, NDLR 21750
EWAAER K EHLERAGEN 5
FER IS8 R R Sh A A
G A TR S F Rk i as e o
SRl E bR o AR N G L 6
TNERE CHLRA N/ TR 2 %

3) L5/ ERLR

A AR ER AR R T R > AT
TIEOLT , 2 TE AMUARSE 24155 H
b F 3258 BT 55 sl i E R, B i

P B v 5 R T ML R0 R 36 1
AT 55 1 5 T R AR X 55 T i £
MLER 5 G VR S 1 91 T PR S B e 4
IR E R E AR AR R —
D5 T E F T 55 HH O i 2008 R E 1
FFRP 55—y ] LU B AL e
PERE TR AR B 32E A5 0 i A ) & 2
JE TR ER B TR

4) HESHINAZM

Wt T AL A 3h 52 A Hoin/sz il
BAERRE ) I RIEAMLINEEATRE ST,
P8 TN 55 2257, | F A
HRn/ Az HE s AE TNz AL TR
WA A H BRIk . METH
AALFE IR H . G0 AE X
P T B G BB ] RG
P R AR 1 LA B (5 ECPTA

5) LA RS

1&5: A shizhil R G L E R 1Y |
i 1o ) >y = BEARRAE , A T B4
FERE RS AT ARG I R S5
M 7, S8 07 5 B R P RE R A A 7 %o
oo H 38 R SRy ik 7 N
XFH ERGAT R IZEE S Eh3
PEPR IR, M BIXE LT 26 . AT BB
7 RAER IR R G RE IEH 1Y
AU REAGE A b F B 6 R
SR e FZ 2 I, AR T AL i
T FH 35 2 5 U A, %o
A B RRIE S B TREMLRL AR , LA SE
iz 17 0 7 e BR A [a] N 380 B 3=
il RGAE R BAT S i PG &R
B, DMFAIERT [ F 70 R G E feK T
ARt

| ‘ S®
3.2 E@

P T LRI BTS2 o 1RG5 T
NHUVERERAE S5 58I BE ) o 5 2K e
PR SGHEROAR

1) “ITHAZIWL,

AT A HA N L (FANET) & 1E
TG b T S it 308 £ BB PR AT TN
PUERHE S EREH R . R AT A
HAMZE T % 5 A 420" (MA-
NET) BRI (VANET) i) 745 (3 33
HARBRE R WME T FR) A% &
ST E R | — 423 [A] 15 A
IHAES T FULESERAIE /AT A2
LRI T SAE ) 4 )2 AR
JE BT )7 T i 2 T A PR SURR E

2) AT RS,

eI 5 HE BRI I RTHE T , TTABL
LERF PR — B 5¢ UE 55 19 5 — i 4
ST A X 2 H AT 55 B B A4 AR [F] A
SR, S R A AL ) AR A B 1 BE
bR RS A S HOR Wt
PR, B A 2 TE AL
S Bt {0 [R) 3 H (Real- Time Coordina-
tion and Control of Multiple Heteroge-
neous Unmanned Aerial Vehicles, COM-
ETS) i BIURE T F3RIAFIEAT T —28%1)
BRI HARR 22, AR R
T NAVERAT 55 3 I 28 35 B T
BT [) A0 BE AT B8 A 7 TR
ok T IR AL .

3) A RGEE A TR Z PR

KK B FETo AP R R EE A] 8
FEAE T TP 0 B e A JEE 4 5 5
RFOL L T0 N AL 8380 15 S TG 12 A3 4

E7 #BIhBEARAML, FEMSITHARMEE
Fig. 7 MANET, VANET and FANET

35



S 2017,35(7)

SCIENCE & TECHNOLOGY REVIEW

A m e I TC A HLEE RS 2
TEA BRI 250 T SE B R] , dumltf2 it
To MR RS 57 ) e 2L 2 o R 32 T
BIEIAE S5 BIRE

4) HNTNZS B

1T oRK A BT ANLE R i [
AR, A NS TS B S B R
RiEd . ESIMRHLITRE, LA
NITEN 28 S8l &, S & A AL
T NHUBIR) 58 U 55 B Rl 26 1F 0 5
LRI, ib 5 ZRR AR S IC AN {5
B RAT R I R A R A
BT 21, AR AR R TE A B A
Jr S 2 v A i SR R SRy
33 #H

P T AMLAYHE R N 1 158 TC
MHUSR AR S RIS N RE S, 75 22
KREVAR RHEEIA

1) (R E, Sl L KRG
WA kg is L SRR AL
RGN T Bl BRI, 2 m A
HLAY A R FTI 8 ) FAE: 55 T Sk

2) WRREARE o R R A R
PRSP S NTTE VI RO /G S
B AR B R EFAR AT Ll —
BTN R A DL A R A5
S PR TCAMUE S5 2

3) MEARAGIN S HE . BEFAS AL
i B BT R G (TCAS)  WFFe T
P TR IR B BRI, T A PR
il RIS RLRERE T, $RTH I AMLAE
HUE7SScy G

4 HRERE

LA TCNNLBOAR B A1 SRR
JEBUIREE T AL A F 4 i A E L

2330k (References)

[1] #E . JE ARl A ERE AR ®I7 7122, 2006, 24(2): 1-4.
Yang Hui. Research on UCAV autonomous control technology[J]. Flight Dynamics, 2006, 24(2): 1-4.
[2] Cambone S. Unmanned Aircraft Systems Roadmap 2005-2030[M]. Office of the Secretary of Defense, 2005.

[3] Nilsson N J. Shakey the robot[R/OL].[2017-02-18]. http://www.cs.uml.edu/~holly/91.549/readings/629.pdf.

[4] Campbell M, Hoane A J, Hsu F. Deep blue[]]. Artificial intelligence, 2002, 134(1): 57-83.
[5] Ando R K. BioCreative Il gene mention tagging system at IBM Watson[C/OL].[2017-02-18]. http://riejohnson.com/rie/Ando_biocreative_cr.pdf.
[6] Silver D, Huang A, Maddison C ], et al. Mastering the game of Go with deep neural networks and tree search[J]. Nature, 2016, 529(7587): 484-489.
[7] ¥ TR, SKIT. JCANLAY R JEBUIR 5 e B[], A5, 2005(2): 23.
Chunyu Jiangmin, Zhang Heng. Survey on the developments of UAVs[J]. Aerodynamic Missle Journal, 2005(2): 23.
[8] ekt Pe Rl . AT RGM). dbat: JUatiias iR KA Hi ik, 2005.
Wu Sentang, Fei Yuhua. Flight control system[M]. Beijing: Beihang University Press, 2005.
(9] RAEH, Ak, AR, 45 JLAMLARSE A B RIBRUIE IR S RS FERIRHOR #2741, 2010, 32(3): 115-120.

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.

[10] i . TCANUDEEHLRIDETELT). R s A Zs iR R 222441k, 2001, 33(2): 135-138.
Gao Hui. Study on UAV route planning[J]. Journal of Nanjing University of Aeronautics & Astronautics, 2001, 33(2): 135-138.

[11] Mg, PIFF, TR, 5. JEF VORONOL Bl JC AHLZS AT 55 R0 7 i 0F e 0], R Gl Fi2A4l, 2005, 17(6): 1353-1355.
Ye Yuanyuan, Min Chunping, Shen Lincheng, et al. VORONOI Diagram Based Spatial Mission Planning for UAVs[J]. Journal of System Simulation,

2005, 17(6): 1353-1355.

SN, BES T RAPLA EER R GA
JER PR AS HEA IFE IR A AR
BL BRI RT3 5 T R
JEFR T RDT T AHSCEAR BT 1 K
JEigAR , AT E T AL 4 ] 4
RER RS

WA A T BT A 3h4 i s Y
K REZEH, A TV RGO A
W, SRANTHERERAR(INE 2R
Gt MLEF 2 N T m e it
B BORIE R R G4 ) 78 F B R R )
I, R B 1 45 R G A DG SR
CANSPAL ) o] AR B LT
BN H A ) AWt BATHE
REHOAR 5148 A sz BLeH4s &, 4
N T REAUR Y Fre Bt R IR 95 T T
HLA R RGBT G A 3%
] U A TR ) IR

[12] 426N, AR, 4BIRTT, % . B — RS TFHAUBHLE) AT sz i1 Ais 241, 2003, 24(3): 242-245.

Zhu Ronggang, Jiang Changsheng, Zou Qingyuan, et al. Study on dynamic inversion control and simulation of supermaneuverable flight of the new

generation fighter[J]. Acta Aeronautica et Astronautica Sinica, 2003, 24(3): 242-245.
[13] R, SRR, FAIC. BEAMNEAML A £ AR RO TR SHTHOR, 2004, 26(3): 418-422.
Tang Qiang, Zhu Zhiqgiang, Wang Jianyuan. Survey of foreign researches on autonomous flight control for unmanned aerial vehicles|[]]. Journal of Systems
Engineering and Electronics, 2004, 26(3): 418-422.
[14] Br&f . TE AL BBy — Al 1 FEUEERRITRD]. # a0 B AU a A ko, 2011

Chen Zhiwei. Study on autonomous attack—defense integrating decision making of UAVs[D]. Nanjing: Nanjing University of Aeronautics and Astronautics,

2011.

[15] Wise K A. First flight of the X-45A unmanned combat air vehicle (UCAV)[C]//AIAA Atmospheric Flight Mechanics Conference and Exhibit. Austin:

AIAA, 2003: AIAA 2003-5320.



RS 2017,35(7) f&

SCIENCE & TECHNOLOGY REVIEW

[16] J5 53 . ARATC ALK 105 | 908 —— & R A TC Al X-47B K Je Mgl 435304, 2015(13): 12.
Fang Yong. The leading role in future unmanned combat—the development and influence of X-47B carrier—based UCAV[J]. Military Digest, 2015(13): 12.

[17] Ernest N, Carroll D, Schumacher C, et al. Genetic fuzzy based artificial intelligence for unmanned combat aerial vehicle control in simulated air combat
missions[]J]. Journal of Defense Management, 2016, 6(144): 1000144. doi: 10.4172/2167-0374.1000144.

[18] Wise K A. First flight of the X—=45A unmanned combat air vehicle (UCAV)[C]//AIAA Guidance, Navigation, and Control Conference. Austin: AIAA, 2003:
26.

[19] Michael N, Mellinger D, Lindsey Q, et al. The grasp multiple micro—uav testbed[J]. IEEE Robotics & Automation Magazine, 2010, 17(3): 56-65.

[20] B, ARHRT:. X-47B TEAML RAFREG I 55 0 S /0 Hr . RT3, 2014(5): 6.
Wei Kai, Zhu Zhenyu. Analysis of experimental advances and applications of the X-47B UCAV][]]. Aerodynamic Missle Journal, 2014(5): 6.

[21] Bhalla P. Emerging trends in unmanned aerial systems[R/OL]. [2017-02-18]. http://www.claws.in/images/journals_doc/1119543205_Emergingtrendsinun—
mannedaerialsystems.pdf.

[22] Bekmezci 1, Sahingoz O K, Temel $. Flying ad—hoc networks (FANETSs): A survey[J]. Ad Hoc Networks, 2013, 11(3): 1254-1270.

[23] Koucheryavy A, Vladyko A, Kirichek R. State of the art and research challenges for public flying ubiquitous sensor networks[M]/Internet of Things,
Smart Spaces, and Next Generation Networks and Systems. New York: Springer, 2015: 299-308.

[24] B T4, il . JC AMLRGE R e R ZER ], iz il Hi R, 2014, 464(20): 34-39.
Yao Yujin, Li Peifeng. Development and key technology of UAV[J]. Aeronautical Manufacturing Technology, Beijing, 2014, 464(20): 34-39.

[25] Bennett J] W, Atkinson G J, Mecrow B C, et al. Fault—tolerant design considerations and control strategies for aerospace drives[]J]. IEEE Transactions on
Industrial Electronics, 2012, 59(5): 2049-2058.

[26] Zhk, . CIERG EAEHTERHEARSGAN]. R TR SHFHR, 2007, 29(12): 2106-2110.
Jiang Bin, Yang Hao. Survey of the active fault— tolerant control for flight control system [J]. Journal of Systems Engineering and Electronics,
2007, 29(12): 2106-2110.

[27] ARG, FRBIRL. BT R 25 R AL h AL A B EE R[], 25 2% 412, 2003, 24(3): 246-250.
Zhu Jiagiang, Guo Suofeng. Neural-net based adapative reconfigurable control for a super maneuverable aircraft[J]. Acta Aeronautica et Astronautica
Sinica, 2003, 24(3): 246-250.

[28] 2= BB, BRISIE . ARZRPE CHLXT AR\ THT BB (s il A AT, AE s Zs iR R 222441k, 2003, 29(5): 428-433.
Li Weiqi, Chen Zongji. Non- linear reconfigurable control of fault control surfaces of aircrafts[J]. Journal of Beijing University of Aeronautics and
Astronautics, 2003, 29(5): 428-433.

[29] AT, ¥, MG ZHN LG SR AT )], ALz AR R 2440, 2009(11): 1320-1324.
Zhong Youwu, Yang Lingyu, Shen Gongzhang. Reconfigurable control of aircrafts with multiple control surfaces[J]. Journal of Beijing University of
Aeronautics and Astronautics, 2009(11): 1320-1324.

[30] Bochmann G V. Protocol specification for OSI[J]. Computer Networks and ISDN Systems, 1990, 18(3): 167-184.

[31] Hayes—Roth F, Waterman D A, Lenat D B. Building expert system[M]. New Jersey: Addison-Wesley, 1983.

[32] Coulom R. Efficient Selectivity and Backup Operators in Monte—Carlo Tree Search[C]/Proceedings of the 5th international conference on Computers and
games. Berlin: Springer—Verlag, 2006: 72-83.

[33] Rawlings J B, Muske K R. The stability of constrained receding horizon control[J]. IEEE transactions on automatic control, 1993, 38(10): 1512-1516.

[34] Roberge V, Tarbouchi M, Labont & G. Comparison of parallel genetic algorithm and particle swarm optimization for real-time UAV path planning|J].
TIEEE Transactions on Industrial Informatics, 2013, 9(1): 132-141.

[35] Wolf M. High—performance embedded computing: Applications in cyber—physical systems and mobile computing[M]. 2nd ed. Beijing: China Machine
Press, 2014.

[36] Nalepka J P, Hinchman J L. Automated aerial refueling: Extending the effectiveness of unmanned air vehicles[C]. AIAA Modeling and Simulation Tech—
nologies Conference and Exhibit. NewYork: AIAA, 2005: 15-18.

[37] Fezans N, Jann T, Gerlach T, et al. Modelling and simulation for aerial refueling automation research for manned and unmanned aircraft{R/OL]. [2017-
02-18]. http://elib.dlr.de/106629/1/LUBETA_DLRK2016.pdf..

[38] ilker B, Sahingoz O K, Samil T. Flying Ad-Hoc Networks (FANETS): A survey[J]. Ad Hoc Networks, 2013, 11(11): 1254-1270.

[39] Corson S, Macker J. Mobile Ad Hoc Networking (MANET): Routing Protocol Performance Issues and Evaluation Considerations[J]. Rfc Ietf Network
Working Group, 1999, 36(5): 309-310.

[40] Li I, Wang Y. Routing in vehicular ad hoc networks: A survey[J]. IEEE Vehicular technology magazine, 2007, 2(2): 12-22.

[41] Ollero A, Lacroix S, Merino L, et al. Multiple eyes in the skies: Architecture and perception issues in the COMETS unmanned air vehicles project[J].
IEEE robotics & automation magazine, 2005, 12(2): 46-57.

[42] Simonoff A J. Interactive communication system permitting increased collaboration between users: U.S. Patent 6,463,460[P]. 2002-10-8.

[43] Ollero A, Maza 1. Multiple heterogeneous unmanned aerial vehicles|M]. New York: Springer, 2007.

[44] Kingston D, Beard R W, Holt R S. Decentralized perimeter surveillance using a team of UAVs[J]. IEEE Transactions on Robotics, 2008, 24(6): 1394—
1404.

[45] Beard R W, McLain T W. Multiple UAV cooperative search under collision avoidance and limited range communication constraints[C]/Decision and Con—
trol, 2003. Proceedings. 42nd IEEE Conference on. NewYork: IEEE, 2003, 1: 25-30.

[46] De Neufville R, Odoni A, Belobaba P, et al. Airport systems: planning, design and management[M]. New York: McGraw—Hil, 2013.

37



& S 2017,35(7)

SCIENCE & TECHNOLOGY REVIEW

[47] Pallottino L, Feron E M, Bicchi A. Conflict resolution problems for air traffic management systems solved with mixed integer programming[J]. IEEE trans—
actions on intelligent transportation systems, 2002, 3(1): 3—11.

[48] Jaw L C. Recent advancements in aircraft engine health management (EHM) technologies and recommendations for the next step[C]//ASME Turbo Expo
2005: Power for Land, Sea, and Air. New York: American Society of Mechanical Engineers, 2005: 683-695.

[49] Rao M, Xia Q, Ying Y. Fault-tolerant control[M]//Modeling and Advanced Control for Process Industries. London: Springer—Verlag, 1994: 157-191.

Autonomous control technology of unmanned aerial system and its
challenge

SHI Pengfei

Flight Automatic Control Research Institute, Xi‘an 710065, China

Abstract The highly dynamic nature, uncertainty and complexity of the flight environment compose the main challenges to the design of
autonomous unmanned aerial systems (UAS). Recent advances in artificial intelligence and high performance computing technologies
provide an opportunity for the further development of autonomous UAS. This work introduces the definition and connotation of autonomous
control of UAS, summarizes the state of the art technology in this field, and proposes candidate solutions to the main challenges from the
perspectives of 1Q, EQ and AQ.

Keywords unmanned aerial systems; autonomous control; artificial intelligence; multi—aircraft cooperation; fault—tolerant control
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