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Aerial Solution for Urban Traffic Problems: Overview of
Autonomous M anned Aircr aft

ZHANG Dan" ?, WU Chenwei', XIE Anhuan'
( 1.Zhejiang Lab, Hangzhou 311121, China; 2.York University, Toronto M3J1P3, Canada )

Abstract: Advancement of urbanization and popularity of automobiles have led to increasing serious social problems,

e.g. traffic congestions, road accidents and environmental pollution. Hence, manned aircraft is believed to be a key breakthrou

that will alleviate these problems. This article reviews the fundamental principles of autonomous manned aircrafts and also

the research progress both at home and abroad. In particular, this article focuses on key technologies such as flight control,

communication links, safety assurance etc, in the case of autonomous driving. With an eye to the future, the studies of

autonomous manned aircraft will bring technological breakthroughs in related fields, development of emerging industries, and

even dramatic changes in people’ s lifestyle.

Keywords: Autopilot; Manned Vehicle; VTOL; Urban Traffic

Wk Hi: 2018-06-15; &lnl H: 2018-07-20

Unmanned Systems Technology | 1



Y = =55k | Rgin
1 315

A 2014l 80K, FREA IR A &
J& . INRAEB AR E; AN Z)E, B
3T T AN TR A TG ke, SSEAR Rom
I, DUNMRGE BRI TREE AR .
JEHRAEA R . A O (RF ) Rk . Kk
7, Wi S MR B ] SRS
W Tk A E AT RN I Ay, SSim s . L e
F . BT YA H W, AR RARIGE
Jiz M fEPR T T S R I 2 R, Y
IR IR DI Rt 8

F 1903 4534 bt o & B A £ — 28 RALIK KR
LK, AR TS UTRRENRIEY . &
T 100 AR R, ABkfTas B RS, |
BLE S AR H R AT 2CE T HZ —, [
ZWEF R AN N AT HHE R LT 415
BT TN o TR X T A BB R A R Y 22 3E
PG, DLRTT . I BRARAS R 4R
MRz . FRRME S BT ETR R, WRRATE L.
B RAILAE KA AT A F 25 o T 2238 T H. 2
P AR AT R, BRI AR . AR
LRI T2 M,

FEEERMEM KR (NASA) BT A H
#3417 ( On-Demand Mobility, ODM ) fif W& HE
“ BEAS LI AT T A i Fof Bt 2t DA — A2k TR 1) 5
—4b” ., HeEAE L, FEEERE ( Vertical Takeoff and
Landing, VTOL) Rz N CAT8EL RPN AR
SR 3T P R AT A A8 aE e — P 36 I s
Jettgeit Rl R ( DARPA ) WIFEH A hdt s, A 8h%8
oh . R ATES (VIOL ) KRR D) ) .
DARPA 24 FUSA AT #4717 08, 45
BCEARY A 325 AT AR g /AT B BB GR
BaAE, KD CATHEORMBE T AEG Bk’
TTAREUIEA, JEfo AT LB A 3l
BYECATASAZ RS S AT, fER A0
PRI N LA IEH AT

H AT UL, Xt A RN AT R A &

5] =N
2, EE

2| TARGRAR

BB S, AR SCR R Z AR i BT 58 BUIR AT
Rk, XMENSCHBRET RN,
RZH AR YRR 55 O BEROR BRI 3258
AL 25 AT IR BT 58

2 ERIMAZFINR

2.1 ESMNARINA

FRiE SR T B 3272 Bl N AT 2 1 i 5
B2 HAXTEME, MRAbanas % | Bl 248
RS R AR B B [ EEONRATAS, HCH
BHEEE A R B 1) AT 8 29 LR, b gL
HANFA . f5E Volocopter 23 B i) Volocopter 2x .
ASTRO A ] AA360 & COAR A ] 14 Kitty Hawk
Cora ¥T#% .

(1) 75 Volocopter 23 F] ) Volocopter 2x

Volocopter 2x 825 At AL 25— 5 ) v 5y o
FRFBETE NS AL, Sl LA A T AR S g
B AR H A, ALt B A 3R,
20184F 1 A BEATH IR W7, BARSHnsk1 i
TN o ZHURNEC A — > OB R S, AR AT e
[, Al fR 2 g b, ARAT T IR R AR
TSIy 2 FI A VRS o

1 Volocopter 2x B

(2) ASTROZAHIAY AA360

AA360 T 201745 AWIHFGG AT, s
JUA A By &N, 24 2017 4 8 H 58 s — ik
N AT AT . AA360 1E A HL K Bh 3 ER R RAT
ar, ik A, VAT R EA R . F



I2018/@

Rl SIBAT IR SRR

Tl g Eg Hh s R
Volocopter 2x AA360 Kitty Hawk Cora {184 e Transition
ML BE (AAERTH) ke 290 240 / 260 100 440
R i kg 450 360 / 360 / 650
T RATREAT kg 160 120 181 100 / 210
e km - b 100 70 100 100 / 185
KATHSH] /min 20~25 20~25 19 25 / 270
ML EE /m 3.2 23 / 4.0 / 6.0
BRI fm 2.15 2.3 / 14 / 2.0
PLEASE /m 9.15 42 / 4.0 / 8.0
EE SR 2 2 2 1 0 2
e A /A 18 16 / 8 4 0
ke ﬁggigﬁm 3 13 1 3) o /

HE R AR B AR i o HLEA B Shab 2 i3 i 36
e, RS RRMET, WiEA T .
N T IR RO, FEORIEA R R LT,
AT R B N BRET 4, R AL ST R R
M AR BN BT

3 Kitty Hawk Coraf/L7!

2.2 EAHFRIVK

FETE A BN AT AT L, e A
MIRTS, o As A R B L A Tl A
R, #RHEH T 45 A BN €178

(1)fLfi184
] — N 1A I
2 AA360HL 2016 45 [ BRI it T SR M2 1, A2 A
(3) Kitty Hawk Cora €778 PR IS — SRR R R R HATE AL

Kitty Hawk Cora ®ATAREM —ZRMAI {2/ 184, WK 4Fi%. (LA 184 RITZEMT &
( Google ) At NP7 HL « fiilAF ( Larry Page ) %1 & W RGOS A ST, AT &SRR
TR A FITEGT, Kitty Hawk CoraRHTBER 250470k [ & PG S B0 . 0T IR B 72
T R FELT G W BT AT, AR TR TR DR | e A AR % A H
H, ARG R AT etk &R, (i, AL 184 HAASE N 1 s, AMEA =5
i HESE e B LT AR AL FES AR, JHARGRBEEAT, BoA LR CiThY 4 [ 3)
RECTHIARITHLE . Kitty Hawk CorafliTAZ % 2z WL, BF L2 MERGIMERER 4,
RATEA, AE AR, R ZS AN A 1NN SRR, RIS, AR
WK ALAED A 1T, FAFERAL L

Unmanned Systems Technology | 3



'[ FEARGA | RAsig

(2) L ol e %

2015 4FEE = R EAHLE PR & 1,
AT e T BER e ARG, WK 5 P, 8%
FH o 100kg, e RS, shE RS, HH AR
G, ATERG . WARG . FIRSEE . e
ARG AU, JEITIA7SBIIER, a2 h 45
A PRGN ] AR AR R B
B RGHRIK R R 50 5 440K, AT LA4s, K
e R G A5 P I B 4R . i RGEHDRE
il AT I AT AE BRPIRES . A7 E R AR
AL, WMBhSE, AISBRERIEATIRE. AR
GAAL & B AR AR GE, B LR B AL
ERAREES N RG, FEAESER.
ST )i

(3) # #] Transition

20174 11 H 3 R A A A B il 1 56
[ Terrafugia. 201848 145, HHIEXE A,
Terrafugia B K754 Transition ( WK 6 s ) T
10 AR BUE, EHLIEAER™, T 20194F M),

RIS C R AR

4 | EARGEAR

[%16  Transition *ITIESMITEILE

T 40s /247, Transition I ALF L RE 54 (i i
H AT E30m A BEERAE © FR%S, SR LAE
AEFEATAT — 2% S A S E o AL ISR R L
T, Transition ] LIAEAAE AR 4% -

TELME T, Transition Bl 857H %25 % |
RN LA BB XA — R YL R
G T TR A

3 EFRFIESKARER

3.1 WITRRIERFRERSE

MRAT B RSE A , H ATl T |
Frow B2 Dy FER KT SRR iT4.



I2018/@

2 A AT
KAT AR e B RECTRE R KA Sy
REPLEKS, PLE -
I L N L -
7o HFK Ttz A HbL ‘ FEA) 2%, WL
JEJ R T L
VL5 UL
ZHRC R, TR MR, AR, IZBUIse. R . g;;&iﬁ%ﬁf
froe R SEAAE 1B surefly 9 P
MTLIBGIGAS | G BRE RN
AL dediots TR LA, 7
EIHL LS RAT. ASBINT Bok. MURRA ERETL R B ERIESRGR AT
NIRRT Befs, R, s
R A B
BUBERBIEAF (1, RIE(IAMERA
B TTERIEASE LB, o 17 L 2
Tow o WEFIES. S f SHLKE Cypherl T AR, AT
! M HEIECR RIS RO T
R Rl
- WU, GUEE,  ADCRGHAR R LR R T
e Tt = (15
“ﬁﬁf% Sk, TEIR A, BB g%g%% R H, AP
e Bl o M5

EIHHL. PRI KU AT A% S T e 3 AT 4 4E
X LERTIAY RATARE B A RS, w] DU
— PRI LU OC N B R F RN AT
AR RATARA A B AR, A2 B

3.2 BEHANCITHRAER
MARGHNKE, AEEN UTHRATE
FAEHLALTH . ShREIR . i RS . Huih il
85, AT Fros . HUARSETAE N RITEHAE R,
FEHLE . MLARAIERT S . sh BB & 3 1 R 40
MERARG, Hrhsh h RSB, AR AE
A, JE RATERTH BRI IR SR
P R G M ol e TR R R, O R AT AR A

BRI BERE S, AH T RATARAT “OME”; AR
G ATAAE A RSy, TR UERSE
WAL, AHLLEAE; ARG EL s H AR,
LA RAT AR AR, ST AT AR B g
075 IR G S A TIE A A, AR AL
erE LG AP H RS TRE X AT
AE ) M S TR KA TR, Jr il
T BIXF QAT AR A T HR 5 A ]
TEARAETTI, 1F 3% B 22 i 38 O A HLEEAHR R
It i 3 7 U X G A S i 4 R A oK 2 0l H
bR RATHESS . SIS, A FERAATET
BB i PR RO, B A S B kAT, X
FEAREE CATARM WAL, H BN AR

[ AR T ]
U
i puksi) osen] | i R [
) " et e
— L poRn) s (deRs) (milgg) o)
R R o S R v 2t B o S v S S s S s S v S
[ ( STAPR, A, W TOCRT, BB ]

F7 A FEHN AT ERE AR AE AL

Unmanned Systems Technology | 5



'[ FEARGA | RAsig

QARG LIAREAT 55 A ShE A B BLE, JF
A A ] [ B e A A e S B 1 gl R, AT
PEfil CATd e AT [ A B 3h B AT E
AT, Al A IRERAE, AT R R A
FEHN UTar L erERE .

SR BE, A FRA CAraeA
NEBN, WA EEGRER SR AEHA
RATARE T K, B e B ARIE AT R L At
HHAZTHE . AF et B 2% g%
ENE, WRHEIEITTR . BT, S L
AbPRAE TRl A RN AT AR O TE M S T
T, MR TR EATR R,
Sk C AT de B AGRERSZ o TR T B R R
A, VAREAR RATER AR, BRAEAE AT RT3 32 1
TN

4 KBRS

4.1 KERE
RERGREEN A ERG LA TN LB
O, ATLAEE ARG A BN WITaeR “BR67, K
e Eas . A8 B 0 AT S P il e
R RIER GRS, RIERG EE A HA ML
S (PRI BT @G0t GPSAE) FIfL
BATEHLIRR o ARG T RS
g CHRIE, FHTARBCRATRR LS . ALE . BUE
TR EESFE SR, R RGER R, I o
WHE T AT ARG . AL R %

YR RN, Gl SRR IERAR R R AT AR S
PLEORZS, HEATIBRANE, WiheSnEh I Ra
8 JSURH L 1) 23 25 ) B S TR B o

RERGNEN AT LR, BEAZh5E
AR AT R R R BOE P AT A SR TR A
TSR T RS CERGEW &N
PR FEZAT: CATR MR | AL B
S5 UB(/N E B il

(1) FMHHAR

AT | R TR AT AR L
LI LML HER TN A T RATHY B E A
FL L, BRI R TERE AT —E R IR,
O SE A R AT AP MUEOR . O T W] 2
FRE L ERRETE . RSEI PR ER, AT Lk
K2R HETE ', WAS MRS
HEFMARGI o —Fh 2L RA H G R
i, nTLIRIGZ M E R, AT AT RX ST A
A BT A MLBAE B RS, ARG mkE
R EERE L R BN SRR R AUE R, 2
H T4 & A RGO 5E /Y B FOCHE B R (R
Fresk E4F AN WILFR 22 S 808 —Fp T LIGE T
FER T AN LA HIRESE , R HIH R 2K
S PR R AR ARUE IR 7 2258 I 1) 2 IE
PE, SN A B 25 FDR ke /N B i A S
RGPS ASTE R, [R] i A R A
— AR K. Cordeiro TAE N PR T —Fh 3k
TREMEZLSMITER, i ESPRITH LIRS
— X RIS & Z M RO 2, KRG FR

i o i Y e
3 % i RN IR KL I £ L BA K
& — % —> % ::>JQE§\E:>/ﬁE§\E$ S [=D Eg — PO
i % Bl S i e
7y 7y 'y 7y 7y
T I A5
i brn (A A
iRl $id St i
A A A y

Y
ik

K8 B ERRA AT d i RIAE

6 | EARGRA



N I, I HEE A R R KR 25k
DU R S ESATH R, S5, e
HI P SRR RN AHRS ¥ i 22, Sk it Hl
LR IR ZE D I 225, Wu JEN R T —
PRI T DU CEO B BRI AN TR, B EA L. A
HOR BRI, AEE BT T E
i HAMIEIE AR AT 2 A B RS, T R
il AR AR K T B 1 A A i AR 4
NEERG, WFUL, EERTTT — ok iR
IR B TR, AT Bk R AN B2

(2) Pl

L RS A 2 T R G v e T A A
Uife, B AT RS CAT RS A R AR AR R
RS R, P RO P T 00 PR A
JERBL THRMERE . AN # AR X TR T
KRBT TR, HETZHER AT I A %45
D7k EEA PIDSES] . BT fOPE . LQREE
il %, Horp PID R AR AL, H A
(R PE, — M I IR A% AT 2R TE AL
K PRS2 PID P thl Bk

FELIERE I, AN E I RS & IA
il 7 ke 4 A S S I . Chen F AR A$2
T G A AR AN S D R B R i AR Ltk
TR, B T RENEHEES, Raffo GFEAR
A g G WL PR SOR ik i i, R H
MR UE T ANV S TE W, R 45 & Rk
SCPRXH AT R EE R P Yacef FEE AR T —Fh
IR 1 325 7 AR 42 ) oF 3 30 A 0 1) R e I A5 11
ik, AN g T 0GR R R R R R TR
et

e AT AR, RATERA S Z B NSRS G
T CnHMEBRERGEMR ), 7 2l RO 2252 2]
s, PR AT TR, Lyu X
GNFEH T — BT sh g r s il ik, mIL
PR e WA NP i B Y Wang C 55
R TE ML 2R A A AR B AT HE )8, 2
TR S R RS A, AT T s A
HRGESH", Zhang CZ5 A T —FhH TR

I2018/@

TRAT A PR ER AR 0 B N e g vk, AT
XN R R AT A, NI R g b Tk
fig 11,

(3) Bl

5Bl B ITANAN, A EHBN T
s U MO T SR R, FERf I H LS
AT T A BB LR, SR A A 32w A T, Xt
BUR R R G HA AT A 2 SR LR g
PSR FEARE L — A S R N2, — 3B
SEREMR, TR E . BT IANL
P R AE =4S () BLE 0, AT —
SERALE BT R , B 4

YERTEANL A 028 50 1) A B R, Bl Rl
JE U HTTC AU ST SN 1 O — B MRS 2
XF DUAHRATEE 2 LR T BB R, 25608
FAZET RRT 595 00 A2 48 2R 3 R 2 A5 180 73
WG LA, O BT IZ O T A R
Li M & AR ST REER RTT BRI T IR A B A%
MR, kAU AT A, XA S G Oy
EFWT, Chen Y A58 AR H —FhsclE A pues S
e (MCFO ), R R, R R 71
R 1Y = K7 O R SN AL Y WA R 01 0 1 Al

(4) [ ks

W R G0 F N RATERIIUR 58 i AT
S E S AR, IR FRMT B EHA
AT BT 5 br W TR et BERS
JEFRTE A BN CATHN W R R W Y
PRIREE, MW R BRRRE AT, MRHE X N 0 ER A R
SRARRATEEAR,  CATIE SRR AT B AR R 5
PURERE , SER RATAESS . BESCIBERR, o oCHEN)
— P IR o A B SR AR B S R AR B, AR
YU BB A5 A 8 P A B 3 E G T 75 0] 40 Ry e
WAL s . MBS | HOGIL IR DL RS 1%
AR, HArHE PR LA I APLA F, g
X AN [ o7 FH 3 5 1 B i 2 TR0 S T T TR A )
5%, FEG R FhRERE . g sh kA E A
i

Ramasamy S5 A VEFTHAE ©AT 8% 2R G080

Unmanned Systems Technology | 7



'[ FEARGA | RAsig

BEREPEAT TIRABESE, 48/ RATA T2
AR T ERAE, JF B T gk AR R A BRAY
Uk 22 1E2 B s = B e o 1 - A X 1 1 = =
P, AT T TR0 R A A ke R G AR
W, ARG A SR AP H.
WSS . ZRGE N T LT B AR ER R
ZEMISERTAL R, $EH TR . Sasongko R A 5§
AR T —RhaRE RS, MR RATERAR A
TERERRY), AR PR A B AT LA (5 R S 2
PR R DX, e T2 R Xl T 5l s A . B
A EHN AT E L, X AR sy
g RS B REORABOR B R, RIS TR AT
i P Bl 2 Wi 17 1 R SR OBy, S A A IR
i PUNEEAT AT S S PERE AR AIDFTE A

4.2 BISHERR

TN RAITA B EEE, E2ES BN RITHR
R B AT 55 BUHE A% 26 20 M ET o, s M T
(AR EAE 2R 125 A TR . RO FTR, HdidE
FEALHE ATEE S OUREE BT A et
it 250 5 G R 5E

HHa S AL i S B AR AR AR R L BT
PB AR L SRR AR . PIIRE ARG I
SRS, EE A TR (ASK ),
B (FSK ) AJEAT (PSK) M, HAETIE A “irasE
BURHZMERSIBOAR, A AR ( BPSK ),
DURHRS MRS (QPSK ) FIIEASHR RG] ( QAM ) 45,

PUTHHATE R T BRI S LE AR i R v
PRI 32 e A i e SR PR E L SRS i SR R A
TREVE . RATER R R Bl R 1 2 WAL LA K

FEE AT B T PR RIBH 2855 ), H AE R H
WE PTG . BT R AR
BA . BRI ket A BRI P,

Ba e 1 O L, e v R B A
#5 . BRI O AR S5 e Mo A e ) . H Rl
FHM S 2 BRI 28 - a4
PR RN o e AR 28 — bl AR AT A
SR PAERHRAEN LA F OB, W E R
METEZS — Ml D 28 iR B PR A5 8 0T 204 7 8 o317
{HETEHD - Ho 2% h A AR B L2, AN
REBH 1k [ PRI et o o) vt 2 A X DR B T
N RHLEN SRR LR H I S LA A A, B A —
IS - M BE 4, (I T BB BN AR B
ST el I E
4.3 MEEESRD

i T 6 45 0 R AN TE ML R G W4 RN 4
s, EEATS RIS A AT R A 08
W, FRAEMIERE b, SeB e ML AT IR S 0t
R, EHEANR ITRAEP, R
SR, b TAT 3t 3 5 f G S 7 B R A s A e RS
gy, WoRBLHUTE . (UG ERBIE, R R
e, PRER RSP R R R
AT DA TE AL IR, 34 H R, #
W SR ML LA S 5 A S T RE . [ AN X
ML T, M TR 2058 2 A RE
ARG BRA A (EHANG ) %51 R A4Z /T 184 TE A
AN CATHR A A T S0 S8 A, DRE 4 I 1Y b i
JEFEAE L

J TGRS AL, BRI, TA

[ Bt | :

Ko A RATa R R B

8 | EARGA



“ LR VO

K10 A1 840 E M miE #4E L
P I P B R R, AETETS 225 A T 42
AR PUTMHEA, TAVECFEA, 75 P
BREAR LI RARAD A o OB 2 HR ™) B
AHLEEAR M K, b 3R Get A — 3 — L ] —
i W5 e AR PO R i R Z AR T AL, X
FERESR i 7RSSR, Wisib T AT A,

4.4 BERRER

AT AR A BE TR 2R ECRT LT A L v
FH - LR =R ARG AAPIL, G dsiAd
KPR K BHLAE, HACRIUN 20%~30%,
AR TRALRSE . I b A OB B A AT A
X PRIEE R SIS MR, LA R R AT R R 255K
B, AR+ ABL” LA Bl
JeRt eV T AU R R F It . T X LR
M, AN ORI IR A, SRR
EAEEAE Z— RERERZ AT, H
e H AT I RIS E ] LE B AR . 55—
TrEoE-HBIRE, Aia IR R A AR
R IREIPEH, AR A A UK s AT g%

TEHLB RO, W R AR AR
SR H A A L 22 B AR5, B A b R ) E
WA IM) kg, 8 5 A 2 ORI A9 25K
[[DEAEG 18 i AN S -/ S N EMON B 5.0 NI T B 1
et RV SRER SR TR PANANY 2 VUM E SRR
FURE I B O A KIEpFE T SR AR
ek B N R 1R DB e 1/ 8

ML, HABRHRIAEDR, aafe. I
A AEYIIRRLEE RN T2 B BOR B |

I2018/@

SPFNA . MBS 5 A T RS H
PR FERT B AR, H AT SR 2 foc A T 3%
AIREEIE .

4.5 Z=2RE

X T RAT AR AR, W E AT RS R M
T AR R B o T RATHT AR A A . R AT
AR R R . R RORAP S5 D7 . TEAEGERY KALSE
iz demh, WO AIRE ZE L T BT 4
5 I R %4 (Health and Usage Monitoring
System, HUMS ), ~WHL SR i Ak 4548 B R
4 ( Prognostics and Health Management System,
PHM ), R =58 (CMS ) P00 o fekt 5 e )
0N F ge ] DI T AT A% AT 55 n] SE A
Ao

B o AML I PR R i B, BT SR 1 2 42
B E 2B T AT A B K BUFPL A
U2 R R T8 AL B AR A AR AN R T
TE2016 4 315 Mo b, AR T BE AR —
ZEDITHIRG RIS AHLIF5¢ 43RBT B AL A 1
o AP 2 BN 3 iR .

®3 RAPURHH A

AN R
RINZTCEIE R EIL
VNI B A
HRF L RIS Wik

EEXFREEA T, JC AL R X SR W 26 451 4
FRAPTR

T4 MR A

THFB g Ko} SR
KIUPRTCLIB T AN B LR A sk
GPS BB KHI GNSS, PE GPS. Glonass .,

Galileo, JL3lEZE LR FAIRE

FETMELESAIUR  RAZE AR BRI

BNT7 I, AT AER SR THE R A o iR 1
T FR RN R 1 B 44 R DL P

Unmanned Systems Technology | 9



'[ FEARGA | RAsig

INAEHEBRS, HPESANE 11 fiR, B4R Ki73E
e B 2R T 300 A A

N
(((NNNRRY

11 BRSEEHLHE A

5 HftfgxXimA

5.1 [RIEA

BEE ANz, Jo AL S ] ok
S B AMTRSGTE, TAMUE ©ETR, U
Rt A v R R AN S DUBRESETE AL
11, WP A PR R e B M A L AL

P A2 R R 2 R B P T A AR A
T TS M A T AR A AR, S
SRR QIR e 35 52 MR 7 R 2 iy g 75 1y 31
B, oM TR R R e | e HAR . AT
R AN R S B0 HE SR AT B2 R . O B
UL R G0 AR RS M A R AR 2, Horh
] L U Y S R A AR 5 | AR H LR 3l R A ) =

BFREZ —. Jiao G W T —Fh 5% AR I
9K Bl 04 TC R AR ELTR AR BB, (4 0 R IR T
RIEBLUE, ARSI R R A, BEIL T s
TPMEFS S IZIEARAERIRTC AN B8] TR, il
RATMEFE AR T 4dB.

R TR TE AN AT RS I8 e, I T3
EToiEE R, SR CSMBEmERay, 7
BRI T B T R A R, JOF HARYESE IR
H, S MERRERRTEMEIR e, Fr I8 ie 3 3=
B TR, B REIEA, R TR
R

5.2 AxE

I B RGRAR AT NER, ek 5 ¢AT
el S i oD Z SR H ARG,
BAESA A — i Wi e T RE, =
JEX QAT AR AT AT IR AP, — RSB
il HR O 2Z TE] A RAAE TR o AHLAZ . 2R 9 0 T 3
AGIRE T2, EE A B BRI . 1k
BoRIIRETT I, AP E RS ERAH ITIRES
ZHOERETIH, R RRE TREC LIS, 1
nfpiid SR, XLl S R, etk
Hotin vl R S8 B s EPERIDIRETT i, AALACE
F A REN ©ATAR BAT AT BRI, fln, A
VR . Befs . B . IBATSEERAE, AR
P BERER CATRES . ST LI ETR, AL
HARGUE TR AT A SRR, AT

Fl12 Wit e AU e Ry S8 T

10 | EARGRAR



R AN T =5y, /AT 48 A BHIRES
FAG RATARAS A R R I, AT AP, IR A
RN M — L AT ORI RE s AR
ASBPALHE ATIRE BAR RATHEH] s MUTE TR
B PSR Sk 22 vl AAL0E TRER 1 2 B 22
JTABGE I .

e B Dmc% 1.05m 100w Ooun oo

K13 AHICH R SE

5.3 MWdHRZ

NPRIE R ATAY, JUHOE A EEA T AR E
FIEEHL S8 R RATAE 55, X R G &Ry #E AT D g
PEREI U ©AT AR AEE A B Be 5 AT AT AN )
DRI, W 14 frs, AT aR I — Rt A
TN TR RGN LK 2R A PR RE I

WA RGE
fiHe R G

LEETEREIIIK

Y Y
w| | il i "
) | A 2
2| |# @ tE

K14 RATRHI R SR — AL

JUL R AR RGN 32 B T AR . BT A K
RGP o, R GG I X 45 T
RS | SBEAREE S TINL, 2T
HL AR GERL I P B G BERHR . IR EOR HATE AR
F5 =AURTHAL A A R g, R EE IR

I2018/@

BRI BRAL R T 5, [FI2P 255 i
PULER AR A S5 AL 55 o 288 PEREI 0
ZERAFHNNRG . BAMARG . HUREHAIE
PRSI, AT ZRAEED . Y
D5 LGSR S A 1 77 =

B LA, BRI R T A8 KR R ICAT
K SIS A, BN AETE 22 . KR SE )
TERSAMIE G & 8 YA 2T Bk = 85—
FAARE S P, AT NV R &
G AR SEINRATE S5, ARSI AR 1 &
JRIT T o

6 FREKEE

18864, “TRAZAL” RIR - AL T HHH
IR 1S, TREMCYET 18km/h
I MEIBAE, CalA T E N B N
3s RGN iR AR TC N B
R, WO T 4R R R scEm T H, A0
BARERIEL, JIR 4l TiBRIIAE S PEREM
A B BREESRENLRNE. BRE
T 5 A B R B TN 3B SR B R S BR R 0 B
[zt

HROR E R R DI, FRATA A, K
REN TR — L — P itkig . ©4 . 2
it BERL. AMRAEIE ZHORBES | IR BB BE
e HUE HIE 14T ( On Demand Mobility ) B3k, £
WEE N TR e MM 2 (5 BEARM AR, KEr#
N ATl il B 5Tk . A btk B aefkiy
J5 T E

i 2 B VRRAT, BRI A Bl 3
BRI F0T . 7 RS #4000, 38 ML B
AP R — . BT EC Sl TR -
R TEANA =, RS TGk & T
— RHNETHRANE L, B . 1 &5y T 4 ik
R HURE 0 A4 B R T A LT SRR T 1
KEIM. Pageit, U 201742201848 H ,
KEHEMET AN HHBOREA 175422,

Unmanned Systems Technology | 11



'[ FEARGA | RAsig

XA TR T IAM A TE | FFLE AR
MRS SR —Jrimn, RWE MR 77 2
PO NENYAE bl ResErria 4 a N 1 B = AN C DS RIS (3 S 2 i
IRt —m A ME . B AR, fRERR
PLIN L A3 e s J3—Jriin, AR R I
LA T 2 B R A4 T AR A A B AT Ml pry R i
K HANTETC AR, 5 28 & L Ik
W, AT SR s (] FE AR AL, Xl
B Sl 2 ) BRI TC N AT AR BRI 2
et RE Al T 23 Sl el R A

FEAT AT LA AEL TR — 1 v 1) A R Y 56 4
e ARSI AR R m . R b2 i B
TR NI ATAS, BB R A H B
Ho, % AT LR E R AT, I BN bz
FHRRSS o TR T AR T, & HBUCE
F SA ML SR A, 3T 2 v sl A A
PN~ = 6 N ) D AV & e T
B — IR AR

2E XM

(1] oeF . PR sGE R, xRS R (1] .l
383E, 2016, (6): 1-9.

[2] NASA. Strategic Framework for On—Demand Air Mobility
[ EB/OL ] . 2017 [ 2018 ] . http: //www.nianet.org/ODM/
reports/ODM%20Sirategic%20Framework%20%20Final %20
170308.

[3] Graham D.Vertical Take—off and Landing ( VTOL ): Emerging
and Transformational Capabilities [ EB/OL ] . 2018 [ 2018 ] .
https: //vtol.org/files/dmfile/02-TVF2018-Graham—DARPA-
Jan161.

[4] Fresk E, Nikolakopoulos G, Gustafsson T. A generalized
reduced—complexity inertial navigation system for unmanned
aerial vehicles [ J | . IEEE Transactions on Control Systems
Technology, 2016, 25 (1): 192-207.

[5] CordeiroT, Costa] P, Janior RT, et al. Improved kalman—
based attitude estimation framework for UAVs via an antenna
array (1] . Digital Signal Processing, 2016, 59: 49-65.

[6] Wul, ZhouZ, Chen ], et al. Fast complementary filter for

attitude estimation using low—cost MARG sensors [J].IEEE

12 | EARFREAR

Sensors Journal, 2016, 16 (18): 6997-7007.

(7] XVEJE. PUBEs I AHLE SR RERTSE (D] . 2
BIAE TP R, 2016.

[8] Chen I, Jiang R, Zhang K, et al. Robust backstepping
sliding—mode control and observer—bhased fault estimation
for a quadrotor UAV [J] . IEEE Transactions on Industrial
Electronics, 2016, 63 (8 ): 5044-5056.

[9] Raffo GV, Ortega M G, Rubio F R. Robust nonlinear
control for path tracking of a quad-rotor helicopter [ J ] .
Asian Journal of Control, 2015, 17 (1): 142-156.

[10] Yacef F, Bouhali O, Hamerlain M, et al. Observer—based
adaptive fuzzy backstepping tracking control of quadrotor
unmanned aerial vehicle powered by Li—ion battery [J ] .
Journal of Intelligent & Robotic Systems, 2016, 84 (1-4):
179-197.

[11] LyuX, ZhouJ, Gu H, et al. Disturbance observer based
hovering control of quadrotor tail-sitter VTOL UAVs using
H-infinity synthesis [ J ] . IEEE Robotics and Automation
Letters, 2018, 3 (4) .

[12] Wang C, Song B, Huang P, et al. Trajectory tracking
control for quadrotor robot subject to payload variation and
wind gust disturbance [J] . Journal of Intelligent & Robotic
Systems, 2016, 83 (2): 315-333.

[13] Zang C, Hu H, Wang J. An adaptive neural network
approach to the tracking control of micro aerial vehicles in
constrained space [ J ] . International Journal of Systems
Science, 2017, 48 (1): 84-94.

[14] FRUSZ . DU%lIE ABLZ 20 SR AF T i B 4 1 AN A A
RIJFEWEE LD ] /RS BR/REE TR, 2016.

[15] LiM, Wua HN, LiuZ Y. Sampling-based path planning
and model predictive image—based visual servoing for
quadrotor UAVs [ C J/Chinese Automation Congress ( CAC ),
2017.1IEEE, 2017: 6237-6242.

[16] Chen Y, YuJ, Mei Y, et al. Modified central force
optimization ( MCFO ) algorithm for 3D UAV path planning
[J] . Neurocomputing, 2016, 171: 878-888.

[17] Ramasamy S, Sabatini R, Gardi A, et al. LIDAR obstacle
warning and avoidance system for unmanned aerial vehicle
sense—and—avoid [ J ] . Aerospace Science & Technology,
2016, 55 (1): 344-358.

[ 18] Sasongko R A, Rawikara S S, Tampubolon H J. UAV

Obstacle avoidance algorithm based on ellipsoid geometry



[27]

[29]

[J]. Journal of Intelligent & Robotic Systems, 2017, 88
(2-4): 1-15.

FESRIR . TR AR S I R (7] . Va3 #E el
2004, (1): 26-31.

MEERE. Sl BAREEP T AR OB [ D] . ks
HLFARHE R, 2008.

FO, REH, AR Fe T % SM4 B0 ACARS Bl
HEGE A [T . E R4, 2018.
PRI . — R DU e b I R AE 55530 [ D
VOB, 2014.

Ajami A, Balmat J F, Gauthier ] P, et al. Path planning

1 7%

and Ground Control Station simulator for UAV [ J ] . 2018,
146 (1): 1-13.

Zh . ANBUREHUETE AP D R G 550 [D ).
AR TR, 2018.

kAL, R, BUNE . JCANIEN T RS RE
sigHr L] Fiies. 2013, (13): 113.

Perezd D, Maza 1, Caballero I, et al. A ground control
station for a multi—-UAV surveillance system [J]. Journal
of Intelligent & Robotic Systems, 2013, 69 (1-4): 119~
130.

Stoll A M, Veble M G. Design studies of thin—haul
commuter aircraft with distributed electric propulsion [ C ]
//16th AIAA Aviation Technology, Integration, and
Operations Conference. 2016: 3765.

Goodenough J B, Park K S. The Li-ion rechargeable
battery: a perspective [ J ] . Journal of the American
Chemical Society, 2013, 135 (4): 1167-1176.
Johanning A, Scholz D. Comparison of the potential
environmental impact improvements of future aircraft
concepts using life cycle assessment [ C ] //CEAS: 5th
CEAS Air&Space Conference: Proceedings. 2015.

B[R, EER, MR, S RIS B &
Giiy A S SRR [T ] 4Rsh. MK 52T, 2013, 33 (6):
925-930.

PENSE . FEHAS, ALCTFIFe Hameme ()] . ek
Hmp, 2017, (2): 87-87.

T TN TR B8, mAs e R [
[®Zpi, 2016, 21 (6): 1393-1412.

I

[37]

[38]

[41]

[42]

[44]

[45]

I2018/@

. B TR I JC AP S T w5 [D ]
B #HT R, 2018.

W, ZEE. TR GEENT [J] . BAPhE A,
2016, (5) .

Smith M. Parachute [ J ] . Pleiades: Literature in Context,
2017, 37 (1): 17-18.

Grant opperman. BRS: The Benefits of Whole Airplane
Parachute Systems [ EB/OL ] . 2015.01.15. htips: //
brsaerospace.com/.

Barker D. Des barker evaluates the special edition cirrus
SR22-kalahari [ J ] . World Airnews, 2016.

RIREE: . ST il 43 b7 A TR LT Vg P 1 R S 3 — it T
PEMEAEIESE [D ] At MATzs iR, 2010,
Jiao G, Rahn C D. Field weakening for radial force reduction
in brushless permanent—magnet DC motors [ J ] . IEEE
Transactions on Magnetics, 2004, 40 (5): 3286-3292.
TR B ABERALZE R S MRS [D ] . Fa: m
HMUAEHIR R, 2012.

FEAIE, Aok, XEE . AN A S R Sk R LRk
(1] ESME TSR, 2015, (12): 1-4.

Ryll M, Biilthoff H H, Giordano P R. A novel overactuated
quadrotor unmanned aerial vehicle: modeling, control, and
experimental validation [ J | . IEEE Transactions on Control
Systems Technology, 2015, 23 (2): 540-556.

Kim K, Kim S, Suk J, et al. Flight test of flying—wing
type unmanned aerial vehicle with partial wing—=loss [ J ] .
Proceedings of the Institution of Mechanical Engineers, Part
G: Journal of Aerospace Engineering, 2018.

XIEFH. A S R HaR RS (1] .
HLFHORRBI, 2015, 41 (11): 4-5.

Zhang ¥, Fu M, Liu L, et al. Platform design and test
analysis for UAV flight inspection and testing [ C | //Applied
Robotics for the Power Industry ( CARPL), 2016 4th
International Conference on. IEEE, 2016: 1-6.

(E=TEVDE

kOJH(1964-), B, 4, mERIERKEL, L2

R QA FHENEAMBGEH | B8N F BB

(I o8

Unmanned Systems Technology | 13



SRR FEXTARS

Y AR E

EREL FORL R AL HNAH
1 EURA T AR WAL FR2 R 28 it 5epe, dbat

100074; 2. B RGPEHI 5B BE VA HORF G003, Jbat 100074 )

B B MERGEICANRGEAR MK BRI T TEaPHEE, IFRARBITEIEAT TR B/ rAR
B A A, AR R A R RE AR, %ﬁﬂﬂﬁ}\?\éﬁmﬂi%ﬁﬁ%ﬂ’ﬁiﬁﬁo %Fﬁuﬁﬂaﬁ%lﬂﬁﬁ
MTNRGEAGIR S RBAR, VI SERIEAE M 30 2RSS N RS A RS
K. mIa NTENFERERE . ARG REL A2 2 10 ﬁ%%zﬁﬁﬁﬁ%)&%%ﬁ*fﬂiﬂéﬁ
Pl B I ZRIRERIT, BB PRI JC N R GRS AR R M B2, ANTH

A1 2 2107 A SR e — BERH B N N R G AR IE Ui
X§EE. Btk d; BARS; HEHEA; oaSER
HhESEE. TPI8  XEMEREME. A NEHS. 2096-5915 (2018) 02-0104-10

Development of Intelligent Warfare and Unmanned System

Technology

LI Fenglei', LU Hao’, SONG Chuang®, HAO Mingrui’

(1. The Third Institute of China Aerospace Science and Industry Corporation Limited, Beijing 100074, China;

2. Science and Technology on Complex System Control and Intelligent Agent Cooperation Laboratory, Beijing 100074, China )

Abstract: This paper analyzes the state of art of unmanned system technology in the military realm, and prospects the
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unmanned system will play a lead role in future wars. Then the current research programs of military unmanned system technology
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guidance of distributed concept. At last, it suggests the potential applications of unmanned system technology in future intelligent
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Scene Under standing and Autonomous Motion of
Unmanned Vehicles

XUE Jianru, LI Gengxin

(Institute of Artificial Intelligence and Robotics, Xi’ an Jiaotong University, Xi’ an 710049, China )

Abstract: Driverless cars are well known disruptive technologies, and gain more and more attention ranging from
academia, enterprise, to governments. There exists two important and coupled problems in the perception—motion loop of an
unmanned vehicle. They are scene understanding and autonomous motion. Scene understanding outputs motion constraints via the
fusion of sensing data from multiple sensors, and autonomous motion adaptively drive the vehicle in accordance with the dynamic
constraints posed by traffic scenes. In this paper, we present a comprehensive survey of the state of the art on the aspects of basic
concepts, methodologies, and technologies of scene understanding and autonomous motion, based on our past 10 years of
research on intelligent vehicles. We also discuss future challenging problems in the frontiers of autonomous driving.
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Unmanned Platform
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Abstract: The Military Unmanned Ground Vehicle ( MUGV ) is an important part of the UCAV system. Firstly, based on
the analysis of the technical connotation of MUGV, it mainly involves seven key technologies: sensor, servo, energy power,
mechanism, motion control, system and intelligence. Then, the development status of typical advanced Military Unmanned
Ground Vehicle in foreign countries is discussed, and the application mode of MUGYV in the actual combat of the United States
and Russia is studied. At the same time, the domestic research status of MUGYV is analyzed, and the typical research institutions
and products are listed and compared. On this basis, the future development trend of MUGV in the direction of situational
awareness, interoperability and supporting combat capability is given.
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Surveysof Carrier Landing Techniquesfor UAV's

LI Qiang', ZHANG Shuli’, MENG Wengong’

(1. Aviation Systems Department of Warships Division, the Academy of Navy Equipment, Beijing 100071, China;
2. Fifth Department of Systems Engineering Research Institute, Beijing 100094, China )

Abstract: A survey of overseas carrier—based Unmanned Aerial Vehicle ( UAV ) guidance techniques development was

evaluated. Firstly, landing techniques of overseas carrier—baesd UAV were reviewed. Secondly, state—of-art of carrier—based

UAV's guidance techniques and also recovery characteristics, system compositions, application field were discussed. Finally,

development trends of carrier—-based UAV's guidance techniques were analized. This review shows that overseasguidance

techniques of carrier—based UAV are relatively mature, which provides significant reference to develop similar techniques. The

universalization of this techniques between carrier—based and land—based should be considered vitally.

Keywords: Carrier UAVs; Carrier Landing Techniques; Radar Guidance; Optoelectronic Guidance; GPS Guidance
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Wireless Power Transmission Technology of UAVs
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Abstract: Limited endurance time and short flying rang has become the key problem that restricts the development of
UAVs (unmanned aerial vehicles ) . Even so, the technical research on improving the endurance capability of UAVs has
never been ceased, conventional technology is constantly being broken, and the technology of wireless energy supply has
been quietly developed. This paper analyzes several wireless energy transmission technologies, and the applications of wireless
energy transmission technology in different countries are introduced. Several possible frameworks and key technologies of UAV
wireless transmission are described, We expect that the technology of non—contact remote energy supply technology is gradually
developing mature and will be largely used in the near future. Which will greatly enhance the capability of UAVs.
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A New Type of UAV with Variable Flight State

YANG Xinlei, LIU Xiaohui, NIE Wansheng

( Department of Aerospace Science and Technology, Space Engineering of University, Beijing 101416, China )

Abstract: The UAV has the advantages of low cost and strong survivability, it is playing an increasingly important role in
combat. However, the existing UAV have problems such as small flight envelope, insufficient maneuverability and so on. A new
type of UAV with variable flight condition is proposed, the mission profile, overall parameters, power unit, flight condition
design and conversion process of the new UAV are introduced. The new type of UAV can greatly expand the flight packet line
of the existing UAV and it has strong mobility. It can enhance strategic deterrence and defense capability of our country in the
future.

Keywords: UAV; Overall Design; Variable Flight State; High Mobility

e HIH: 2018-03-14; &R HIH: 2018-04-27
HEWH: EEARPEILE (91441123)

Unmanned Systems Technology | 55



Yl =)\EZ5ER | BRATR

1 35|

i’

H 20 tH 22 70 A 42 3 ] T VR 80 I AHLLL
k., SEZEMHER", FEEEET R, O
& 2 E RN R TC A SFPL(UCAY), B
N ELAE T TR Hb 5 Bl s s 1 JE K LSk
HORBAET R A5 — BB, JF T 20004E9 H & il
TRAMCHERBIEILX-45A, IEHRAFE S
5 [ [ B W Ae i 52 1T R ( DARPA ) 2858 T —
VERPEAR T AT, 4k8 h S EBCA AR R
45 (J-UCAS) B il i3 & J& X-47B o A& 9L
B [E A AE 2018—2020 4 HR A% 1 A R 2 o i 25
4 (FOAS) 2% &4 HTE A HILEcA A/ T8
N CHLRHR RS 1 B R B XU S Bk
B RTINS LA T HIAL

NS i 5 T S A, AR IR 4 ) B
EFERA, AL A R IR & AR K
R B R RR R AR T B0 . SR, AR
23 L AR AN IR I 20 1 25 AL 4R, TEAHLED
BB, 19994, TEEURT R S5 m gk
frah” o, SEEEH W ANLE ©IT R ER
R S M T s B B 7E 2003 A AR T R S
IR AN I s 5 —Z
FOOKAE 25 WEALAE HOR B, B TE A ML
PLBhPEREA FEAR o 58 B & o AP AT 2 ik
Bk 0.2 284", X-45 AT 54k 0.8, X-45B
9 1A Eh AR BN 0.8, X =47 B Y 3 it 25 i %5 Ky
0.75", F BL AT UL H WL IE A AL T S 5 5 2
W, AR AT A TR . Sk,
RV e e AR5 (4 T AL SR M 7 e, S
T AT (X —-43")), EEIERHRET
HAEBER KL, JFEARREE bR €, FE
i B-52 #5472 B B2 JT 3k 2] — o HRE IS A RE
BEHL

M ERGH T LUE BRI AL
TR EERAR . AT R AR . PLahRe A e . Rk
TR T P B K R I A5 [ R o sk 4 [ T
AR SCHR T — P n] AR AR A T AT ) e

56 | EARGRA

ABL, B0 ek I Bt s T shiANER)
B, o R AR, SR E A BT, Xt
FRORMURE . BT AR/ RIS T U B A S
FrObs, il TR ) B RS R RE S AL,
e 0 ek ARSI B M el # L AT
ARZS B A R AT 7 1) R R AT T RN
JCHRFE B K BT AR BT T 37 3 T 7
MR AT IRAS, I Honl LSS s R AR
A, AR PIMORES T B AT Bm i U sh 3
R, ORKARR T HLEhTERE.

2 FEIREXAN

JEIESMERL— 2, R B RS A
REATR, W =M, KablaEm, A
AW A P RS R B RA IR o W
AR NIE 1, A AR A 2.

K2 A R

2.1 F58E

JoURH S TRAT S B, SRR A5 BAEHLAE,
DAL RS ), B3 18km HYIKATL i3 B 5 o by
RS, AT BN 2. AT ElA HRIX
B ET7, PATOTEE . MEAAE 55 I PR A D I
FOEURAS, T BRECY 0.8 BECR Lk I8 AT



55 Jr R VI A EOIR R LY, BALY
bR A A RS F Rl . BE)s, oIk AT 4E
PIFER T —IRIES

2.2 EEEHR=E

W ek E R BT LR P ARV
WA E . WHRRG . BRI K Ek e LRy
XA B AT TAGSE, g 1 R,

MLEF . MLE | RIESE . BRI BT 2 5 R 24
B AR AR, FSECEk[10], Hr il TEEK
WA ORI S AL, SOMLER A R
F it O THRAA ) 1545

WAL A A

M, = 0.039(2x L, x Dy x [V )*®

Kb Lol ek, DoANLESERCEE, vl
W

iR E . EHIRGE . A A A
TN E . BB B A =6 S
Wk RSPl WH TS, — & TR
TR, Z% FEPE ARJ-21 L &as bl & 3h
Hl—2 FH A R CF-34-10A, HBUM % 5
BLAT A4t 41 . 85kNHE Ty, BifEU 760kg. 51 5
G5 TR 500kg . g 43k 5 R A 208k far
FFT i AR 55 8r, Je k& g A R mr i i
RLTHMEIRRRS . BE R AL BEAHL . A LR TR S
&, AT AR S Bt it 8 ~ 10 LS-6/50 137!
50kg 2 il S HE B EL BA-7 HOGF E 3 S 25
i, AT 2 ~ 3HLFT-3 31X —25 250k g 2% 5] 1
SHEgRtt P

e ey i

ESEEAS it /kg
Gi]R=1 3500
LKA 2236

FabE S 700
sl 4500

B 3000

ey e 500
oo 1000

RERIpieTy 15436

I2018/@

2.3 EESH

FIHH Catia €57 T SE0KH 1 = 4L E Ry, =
MENE 3R, FERISHUT

WAEHORATR, LK 11.5m, EE25m, Hl
53.65m, JEifM22.4°, JBILI5.192, BAIY
HIXHRBE BT 0.08, AT BF%00.8, A HUIR
BF, HLK25m, ERE11.5m, HLE3.65m, J5d
f167.56°, JEIZLIL1.099, 3AIAGHXTEE B A
0.03, AT %L 2.0, ML 18km,

IR 10] g A BT . R/ R
V&M B IE RS | ST S SR T TR, 15
SEBRH B SRR K 4200km , K Hb TAT Y BRAE S
Sk 420m, VA M TE T B S R 530m, AR AN
349.72kg/m’,

53 etk = Al

3 MAORBRIEERER

Sk Y 3 ) B AL R R S LR —E T
A, B EEA G RO R A
P E, DLRTH WU RS T R 2R

3.1 KRBT R

SEBRAE R T T OCT YN 5 R o) A 1 3
AR, AT R UEAE R R S R R UK AS
YRR Ty, BT AERMLIHE, Rl
BEAE T XIFRLLAL, nE L E 2 s, BE LS
U RAE— DA e e & b, 5% 6 R Ik
MURBRZ), A SCEE ), N 4 R .

Unmanned Systems Technology | 57



Yl T )\EZGER | BARAR

T3 R e 3

K4 LEhPl e /iR #l

SR TE 18 km =y BE AT AT AL, i
FH ANSYS 8% ek 35 = B 47 BUE () B
I EBEE N 2, BRI A, 1SR FH )
S 78.4kN, TKHLTE/NICA RATIE, TR HET)
SR, RS & SIPLT AL 1 39.2kN,
26 [ 38 A A Y CF-34—10A 2R & shll 4 & nl 4
Ht41.85kNHESy, K FLREREHE RS IR, dit
W7 22 kT i R G R .

3.2 ANEZHNIRITREZIER

N T IRANEIRE AT IR FE e T A
I RATERASENE, BOT TR R T 1 R SE

THI1 R GE 0 T KU AR 4 ] ot 4 A ]
AR, E s Frs o B O - @ PSR P
W, T E T KU, e R A L i
FhERsl, K E LSRN B AL s, T
YA LA

K5 THI RS 1A

TH IR 23 A R SR 7 (B 5 HAR 2m)
i), BRI 1L5m, RN L.6m. EF
TR FIE, Ty KU A 25 G, A A

58 | EARGRA

RAFRISNE , AL ek i s tkse s 7t
JIRESFIRE, MEEdTIF, THOREE S, M6
Fﬁi_\‘o

Ko THIs AU 2 ey RO

e BR3P R 7 R LB AR A 2 2 g
e B PR GG , 30 4 B I A S AL S | v R
L IR, R . AR R s A LR
i, AR TSR AP

S ICHR[14], SEBRE TR AT = A4 )
Bt 80N, FE AR A B AN FR i PR 4 il W A 4 7 3
1R 20kN, BCEE ST 160kN . TTAEIR 5 i Kk
WETHECH 15436k, BT ) REcRE S 2
Pt o

4 TSRS RITEE

G T SR IE IR R B RATIRAS, PRERHN
BT RATIRAS R d A, AR T R R 2L ) Y
5. TR, PIA AT RS R BT R 5t
TR LB, iR S T AL A A
REAITERAETT

4.1 THIPRESRIRTT

JoIRAE PEAT R A AT I PR S AN 2 i
PLENE 7 frs . M AR, JelikE nl L
SEBURT S AT I R AT, e, ALE TSR R
WYL, JRSMPARIZIEER, RO7m T
W, BURIFATIF, JRZRIFEUL.



GIE]ES

Ja g3

/ WA

7 RS AL

JoHRFE AR RS A BN L T R
BORMG A, AR T 5 el A iR T RO PERE ;
AP A RAT I B A AR, T e UK Y LR
IR XTI RE ] 3%, I HIXAS FU i 36 K 7 1)
FRiEE, X5 B TR ZOR — 2 B
BB RBUAIATS, (6P EUIRES T AT LA 20
DB R R, S ARG — S P 3R Y A
Lo, B IR ORI s s, A 1 3R
TR T AR A GO AR RIS, AT SE BRSP4
JrIE ) RAT s PR3 AR dh, Al FEAR T R Y
PALRE L S

A TR A CATIRES, WA PR T
KENHUERE 7 90°, WATIRZEUWE 1 fas . Jok
FEN P gARAS N, [ n] SEELAT R P4 ) iR
1o VLRI PR T7 1 0], MR BIL 3R i Ay i 3
BE, PSSP RIS

e
/

[IELIES

Ja 23
K8 AL

W HUIR S T e IR A BRI R % b R
NSRS, SRR R R R KT 0.08, W E
SLIETT R RE , X BT AR S K A AR
IFRERS ™= AL XS KRBT T7, A AT CHLAE €/
7 o LR - B SR T 5 R RO FR Y R
YT, A TS B A HOARES T BA ’AT .

7 HUAIL I A B A I 2 (ol A S UK TR AR KRR

I2018/@

WA RE . T IINIGER L, (e R E L
PR T 2R, B I NI 9 iy
R o R FEALEE A SR A SRR (RUIR R
PR LR AL ) S5 M “ORmE N, B4k
=M SERTZR S, Rbdm AR SE1E,
M4 5 G S BCA AT s e, Jlad ieis
AR WIN:50E S by N AT =/ G S S B v ey U 9 2
PRI GRA, SRR TBlRrE

Bispki JR LEM Sl
fg

—

- 5 \_)_

o =AU R R

4.2 THITRSRYIEE

ek LU S T el ol R AT, i
BN L IRAN | R AL SEkE BA A
fIEE, R DA T A RS A P, 534
AT EARS B . FEAFPIRZES T, HRE
ARAS Y R SR BT TAE, SRR 5 — R
SR BEAUE AN A AR

JeIRF BRI SRS R R BN, A3
RS SR NI 5 25N S = MY 7 v R 0
] NS, AR ol /D T 22 T A R B
PASE o dOPRZ5 B 35 0 I AT 4, s 10 B
TAHER P F R R FE LAy, RARREIF T
oy, LIS A TR

10 RIEZEHE

TEARAMPE R, 47 CHLIG L, BIZEAY -
SFHRIPF AT, TR R e i AR
Lt CHUESkAS, AT RIS o, B
BEBE A T A

TERFEERI T, IWRHLERRES, Wit HR

Unmanned Systems Technology | 59



Yl EAZZER | BARHR

R, e RIF A Lo FA O @3 AR A A T
(= 11 o 57 S 1 o O 9
PEBUE A TAE . W EHR I, ZEMiE 3= e~
T A M B A L FR > AR i e B L
78 73 R 0 B ) 78 0 e B T A AR
TEAmATRERI 4G CHLE R AT,
ZE B AR, R e O R 3R T B R
BEE TAE, i s SR e A T AR A%
RHUBEEHRATE, 5 A .

4.3 TKATIRERIEEIR

VA 7 DR 5 2 8l S DR 25 A B8 A e
IR g S BRI 75 AT RS R A AR S
AR RH LS4

el e £Ey =20, H—LRAMTI IR
g, BT IREPII R, BT
R, HARERAE TR ST T

(1) SEMkFH W, BTt &8, 19T
W e, R T &g, (AN & Sh Pl ik
o KBIHLES N, ERAMERT, JeikE
AT, Z IR ST, RERSE
EIREDA A DR SRIORYIE S et L S N Ll
A

(2) SEBUR BB 1) o e shHILAG HE I3 A Wi
AN, HELTRYURE, KshL7e f <4 ]
ARG B3RS T ek 907, [t Feaik 8 e A% by i 75
R

(3)BWHEIMT], PR RATT . Kb
TR, RATHERR, RATHIARIK, "«
PERGIATT T I RGN DR AW/ B =KL
SEICE AT INE S B, R 2NN 2 Ma=2 1
PSR, AR R R R AT O A = R
1771 o
4.4 KATHERINE

RAH) 2 PG AL . B REL AR,
Gy 2ol e B B e AT o7
] (5% 78, TR A R b s i G A= A7 R T R B

60 | EARGHRAR

B MR (AL B 7 S —— DA T 1) (90° A% [ A 180°
ARTa] ) B AR ), PR R A S8 IR AR [ R 1
W R TR A ME LA TN A . 7E BB I AL,
DR D REAR R A 38 58 T 5B 0K 1 A A7 g ) R
RBEST
4.4.1 ZSHAEm]

23 Hr R[] () 7 15 ) RAT IR S T B BE A AR ]
B 2T 58 M RATARASFE B w40 . AR Se Bk
DA A AT TR AT 55, AFI A DX 1 A B0
AT BRI, I H DA P
Mk BRI X . B e B 3 BE PR Hh AR ] (90°
AR ), XAEREE IR R, [ AR e
M TR, RATHE B R, AN 11 R
AR BT G R PR oK

AE90° KAT I

Bl Zs s R e

4.4.2 ZSHE7E

SR LA 75 S Bl 7 A TR EA
T X W R B, JIRE A B RGEER T,
ST S R, & shHILIGE I R B R HLIR S A e
FE 180" FRHKUA Bl fulf S0 B 25 3 J32 Uk P AT S

Nk, SCPRZS WP R 42, DA TRk B B AR X
K12 Fis .

5 &HiE
JeIRFE AN — e AR AR R = TN, M

FETFHATLAN, 7M. S iaeE . Wy
ARZS LA BCARZS 2 il S S T T A BT BT



JERAT T W

MR 1800 kAT 1A

N L

12 = 4R 1A

(1) TEMEREtT. BEERS RSNz I
FERARIAT R, wD t TR0 R A
JIRE B B PR RE . B = A A BT A S Bk
HHATOXRIIINE , DS RIS /AT
T3 T A

(2) s E T, ek E L bl aee—
e B, BT RSB . Il
THZSE, BRnlmIvE /RIS IR, Xl
FRORTE O T S TR B R, B RETE RATIRAEH A
P 1) b AHE TS o

(3) AR ©APIRZ BBt AR 7= A P
RATHREE B RIS F B RATIRES . 50K
AL/ R TR NS M AT I U IR RAT, U
TP B IR B AL B N LU A HORAS T,
Ff RATIRAS Z 18] Al SE B e . Al S B s AR g
A, ORGSR T ICABLEIBLEERE .

(4 ) IRSIER SRR E N B3RSO FIAR
S VEAR WL 1 BETH A R T So 3R S BAR S 4 il
HERAT R AR

2 E X

(1] Z=E. RAHEARBURS e [T rE4, 2011, (1):
46-46.

I2018/@

[2] skisz, e, TS . EEITAESFILG L R
Kot [J] . Csss, 2011, (9): 25-28

(3] Zsu, R4kH, F0TIF. & BB I AL
[T] . essihilsdoR, 2015, 485 (15): 14-17.

(4] sk, BRA, BMrh. 24T R IEABLE e Bk
e [ ] KA, 2018, (2): 25-28.

[5] ZRIZAR, ZFBAR. 4T — R AR SRR [T] . E
Brffias, 2014, (9): 24-27.

L6 #hivk, TBkAs, Hrittst. T ASSHHLELR S & R a3
[J]. AL, 2005, (10): 45-49.

(7] Z=ub4. EREEIE 30406 e R ANLR T [T] . 3
fR%EF, 2016, (5): 15-15.

[8] £ E&ETLANLER [ C ]/ hEAEHLRE AT
el 22 25 2005 4E AR AL i 2%, 2005.

[9] Mecclinton C R, Rausch VL, Nguyen LT, et al. Preliminary
X—43 flight test results [ J | . Acta Astronautica, 2005, 57
(2-8): 266-276.

[10] JBUmZF. CHLEARE [M ] . dbnt: JEntAias iR R
AL, 2001.

[11] s, TEAMURGMIEE . WEHIA R0k f Bk 5 & e sl )
[T]. Kfiseit, 2007, (1): 38-41.

[12] 955, mtkreA JE s T L ARIEL [T] %
ARSIFA, 2011, (6): 118-118.

[13] EWL, skEEG, RS, 5. ShJThadsi Sm s gl
IR (1] . Wisssh s, 2017, 32 (11):
2752-2760.

[14] 3. F-3S MWL = m A R Rsh . RS RRE T
(D] FER: RS, 2010.

EE BN

MHT 4 (1992-), B, ML, TBHRG R ATE EKR
#H AR

xwet (1991-), &, Ald, EZHFRFT & A KITE B
H AR

F R (1969-), B, ¥, Hix, ERHRTHT G AT
B ERHEA,

Unmanned Systems Technology | 61



EARGERRIERZ S
=Alb g

% ¥
(LSRR S (5 BAFICRT, ILSE 100039)

€

B E. NEARGERIVR IR RGHIFT T, I At 0. B\ emtR T hEAR
N AT WNE Y5 | 3 W TN R 1 R PN D S0 5 N =0 N i - = & a4 B I 1]
AT ARG AR KBRS BJa WAL . R et . ROBYERR . i e DL S g
T T R ARG E AL R, R R, ARG R LIS, O ERET R
KAl BTk 07 00 B Sk DR I B AR BT 1 S i = sk o BEE R SRR T, TE ARG B A KR AN B
$2T;, AL AR, B AWK . TA RGO RSB RS S A AR wm X, IR
Fooml . WA AR 45 B R A AT SR BT R B Pk K

KEEIE. TARYS; Baefh; SRS, AEh; EBRZe

FESZES: TPIS  XERREMm: A NERS: 2096-5915 (2018) 02-0152-07

Unmanned Systems Development and Analysis of the | mpact
on National Security

WU Qin

( Beijing Institute of Aerospace Information, Beijing 100039, China )

Abstract: The present paper conducts the research on the unmanned systems. Firstly, the current development status
of the unmanned aerial vehicles, unmanned vehicles and unmanned ships are studied; then the future development trend of
the unmanned system is judged from the aspects of technical capability, mission, quantity of equipment and development
direction; finally, the impact of unmanned systems on national security are analyzed from the war Forms, combat styles,
equipment construction, anti—terrorism stability, aviation safety, and legal supervision. Studies have shown that unmanned
systems have developed rapidly in recent years and have become new source of growth for the national economy, an important
source of new—quality combat capability, and a new strategic commanding height for national defense technology. As the follow—
up continues to develop, the technical level of unmanned systems will continue to increase.The mission will continue to expand
and the number of equipment will continue to grow. Unmanned systems will greatly change the style of warfare and production and
lifestyle, and bring new challenges to national security and social governance in military, industrial, regulatory, and ethical aspects.
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