ARG

WUREN XITONG JISHU
(AT 2018FIF])
EAEFE2H 2021438

UNMANNED SYSTEMS TECHNOLOGY
(Bimonthly)

(Started in 2018)
Vol.4 No.2 March 2021

FEH:

E LRl
17]%%1;7 H

R
a2 * %&:
BATESR:
SRIBHIAR -
o ik
B iE:

I -F
2|
ERNL1T:
EN R S 45 «

FPERURR CARIAIR A w]

ALSCHE R B R S BT
FRETEA RS LRE (%F)

PHAL TR TE N R GER SR i Tl

PEAE TR TE N RGBT 5E
JRA&H

FENA- PR B4 R
F—5k

(ANFRGHEAR) Gk
b5i7254 5564 54 (100074 )
010-68191488 ( LRl )
010-68375084 (RATHS)
chinauas310@163.com
http://umst.cbpt.cnki.net

AL SR IR S T

Abst TR B ERIATR 2 7

v

Administrated by:China Aerospace Science & Industry Corporation Limited

Sponsored by:Beijing HIWING Scientific and Technological Information
Institute
Co-organized by:Association for Unmanned Vehicle Systems of China
Research Center for Unmanned System Strategy
Development, NWPU
Unmanned System Research Institute, NWPU
Editor-in-Chief:ZHANG Dongqing
Associate Editor: CAI Shuncai SUN Baiyuan LI Dongguang CHEN Shaochun
Executive Editor: WANG Yilin
Edited&Published by:Editorial Office of Unmanned Systems Technology
Add:P.O. Box 7254-4, Beijing 100074, China
Tel: (8610) 68191488 (Editorial office)
(8610) 68375084 (Circulation office)

E-mail:chinauas310@163.com
Website:http://umst.cbpt.cnki.net

Distributed by:Beijing HIWING Scientific and Technological Information
Institute

Printed by: Beijing BOHS Colour Printing Co.,Ltd.

ISSN 20965915

= N EN . I/
CN l0-1565T)  PwEd: 305t/

Tt AZLIZIN

INMANNED QVQTFMQ TECHNDOLDRY

ISSN 20965915
CN 10-1565/TJ

e’ EH H N |

& FEMAMIEERERAT £ It SERIEHRARA . "
FHAE= EREAARAZEFELSR 7

9H7

72096591212

ISSN 2096-5915

> 2021.2
4% NO.

°
TN

pEF/RBAMBEREE (CNKI) B3R
AR SUE—SF B RIBEIR

B 2 ¥ AT SR I 1Lt

HES 0 BB B SR



Wi ]

FEsm e FEE BRER kA HEE HPE K K BERE I K

WRE (R NRYGHR) 5T

BIEE IKEF R W BFC K F BAXE
E O (RUECHEHRF) (BTARGEA) BHEHYEMAR TEAGRAAEE, ItREERBRIARAED, PELTARS
BEi WIEA B R GSE SIE PR HER 5 L D SR FAEXER (F) . AdtTWAFETARGRESEARTO. AL AKZRARFEAAREERSHIZEAR
e - i N . HAT, REMETARFREAARINENERFE. FATEALURBNDTEARFIECSEARCFHATAIR
B EKE INE IR IWE K T N A UEE B 1 DS et gy 0y sl
ZYMElo

Z 0 ZAW B S8 O MME AEE BAY TR SHE 2
4= A m
HaE mER 4 0 S50 SEE SEE B T GEE THE THe & B
o e x n g x ] ger cons SO BHASUGA. FISEX. SRS, SHFIMMETASHANT, MEREEASPRS, AL
HE%. TAKEK RS, Heetlss ARSI R. ImARCE . FANMBIRREE, T258
BLEARGESHE A, BoizsliAR. EERAUIRATEGE. BE. ERSEEEAEL ARG SAIFTA A,
G, BEELTARZEETA. hEEAR, BiEELSEA. S ARG CIENESEARFHERS,

Wei REN Yang SHI Yaotao SHEN

¢ BRAR
Consultant BTEITISRRESHHTIN, Mit: http/umst.cbpt.cnkinet/, SIEREEZ'TARSRA",
LI Deyi FENG Xisheng LI Bohu XU Demin LIU Yongcai & BEER
FEI Aiguo FAN Bangkui CHEN Jie WEI Yiyin WANG Feiyue A . N e e N .
1. AHERBHEEMNERABUFRREMER/N, FEEER: LHIRE / TIEEX, SRHEHRERN
The First Editorial Board for Unmanned Systems Technology TSR, HEASENANCIFE, HANCIENREYE, Fe/ ERNEEEHINSERS.
_ 2 ARTERURR B AR REHESIER", BHEXRAEEE RERTIER" RGN RHFRFE: 1t
Director: LI Fenglei R 712541578 4 98 (BARGEAR) HwWiEE0, Hikdw: 100074, BBiE: 010-68191488,
Vice-director: WANG Changqing SONG Bin GU Mancang ZHANG Tao FU Wenxing
Committee member: ¢ S{EEX
ANG Haisong CAI Shuncai CHEN Bin CHEN Jiabin DAI Jiangyong 1 RIBNEPRRGEE., PRBE (HBMAREN. FntimE. MRERINREZLECE EREhE
DENG Hongbin DU Jiyan FANG Hao FU Xiaowei GUO Jifeng BUSTFOIRRSREEIE, PESHENIN, RIHEAR 250 1 haAA) « X#EiE (5 ~ 81Y) . 5| ENIRBIRENES,
HUANG Qiang HUANG Changgiang LI Bijun LI Dongguang LI Yibin 5IRMZGUFZAIENINETTERESAIFRE, LUK M ANEEE M AICUHT =TT,
LIN Ping LIU Li LIU Peizhi LUO Jun MA Hongzhong 2. BEMBNNTEERNE. INFHEDBANE. [ERHK, FTAFHNNESRNXFIBE. B, &
=] :tt - g Elﬁ EIF-'l
MENG Hong MENG Fanbin PAN Quan QI Juntong SHI Zhaofeng R ER. =4, . L .
; . ) 3. 2N | BB E &, K. SEMFEFRDSNEN, EEMXPIUASIER, MELUARDTF 20/KA
SUN Fuchun TIAN Daxin WANG Honglun  WEI Jinfeng WU Xiangyang o . e =
" e ae o . B, AFAERFRNEN—RATESIB.
uangin; mwu m aigan 1anru e R et = Vi B b
N G EIRHSNEERN, WEEE ME. WA MR 2. B AN, BES,
YAN Guozheng YANG Ning YANG Honghui YU Jinyong YU Linyu
ZHAO Jie ZHANG Mei ZHANG Ning ZHANG Shan ZHANG Dongging ¢ XTH
ZHANG Weiping  ZHU Feng ZHU Xiaoyan Simon X. YANG ~ Wei REN FAWERREZ:, Fietk, BH—ERB, BRBFHINERERR, @EERMEZSTRE.

Yang SHI Yantao SHEN



FAEFE2W 202143 A

2020 FE TR EEEE STHE AR FBLIIR ovveverersesesessessee ettt bbbt o1
X2

2020 4E {5 N EBEFE AR IS FRLZIR ovvvevressesseessesssesses s sttt s sttt 08
F F, MEE

D020 £E A T BB EERE 45 AR FREZIR woovseeeeeesseeseeesss e eeeee s sesees s sesee s seeee e eeeee et 14
Bk, £ F

2020 £E AN R A B BEIE AR B FRLEIR «ovreeeerreeiere ettt 20
RARAE, TR K

2020 FEEF I E I AR R LR oo 26
PN

BARAR

T RN EZE A B T AN I BT LR AR R JT3E v evrevrerreressesensessesses e ses st 33
Wy, skE, O, Ahwa, £ B

S R =t Z e BT =5 R7E 1B s SOOI 40
Go4E, MBI, RAE, T R, BEnE&, & %, T B, %k 4

BT B N BT I K TG AE S IIIF BT - veveveeeereeerereresese s s s e s ee s 49
kR, kK F

o R R Tl oh OE s DR - 1 5 N s SRRSO 56
R, T K, KO, RLE, FuX, £&F

**ﬁk*ﬂlﬁkﬂlgﬁ‘éfd]"ﬁl1’ﬁl§km)§*ﬂiﬁlﬁ ........................................................................................ 62
RAak, IR, AR, AR, F A

BRERTRHAN R RAB AL SHRT Hme e, i TRMLSHE
o AENH—ACAHGIS T H R Em AR, RS EERR
Aoy SRR RERTIG BOR BT 0 E R g, B SRR A, ERE
BT, ATSHLUED “EREMNEARARREESR” T2, TERRIES
R, WEYPREEFJHEAR, FAREBEAR. ATEBSFEA. ARG

BREEA . BTPIHELER, FREMAHAREE, BEIMXEREFHIHA
TAE . Ak A SRR R E AR A S, FEEEITRERLE 2




Unmanned Systems Technology

Vol.4 No.2 2021
Contents

Intelligent Frontier Technology Development Annual Review

Survey of Deep Learning Technology in 2020 -« «sxereereirrermsin s WANG Yashen (01)
Survey of Simulation-Human Intelligent in 2020+« ererrerermnnieines LI Fang, ZHU Cuiqin (08)
Survey of Artificial Intelligence Chip in 2020 -« e GE Yuetao, REN Yan (14)
Survey of Human-Machine Hybrid Intelligence in 2020-----«««...-... ZHANG Junhui, ZHANG Huanhuan ( 20 )
Survey of Quantum Computing Technology iN 2020 «««srseseeeseeeerssrermssesmssensenesensssennses ZHU Xiaoling ( 26)

Technical Study

Multiple Unmanned Aerial Vehicle Rapid Cooperative Trajectory Generation Method Using Receding
Planning Framework
............................................... XU Guangtong, ZOU Ruping, WANG Zhu, SUN Jingliang, LONG Teng ( 33)
Path Planning and Trajectory Planning Technology of Unmanned Ground Vehicle (UGV) in the Field
................................................ CHEN Zhiwei, HU Jinwen, ZHAO Chunhui, WANG Ce, HOU Xiaolei,

PAN Quan, WANG Teng, XU Zhao ( 40)
Research on Anti-Interference Underwater Bionic Navigation Based on Minimum Magnetic Angle
................................................................................................................... ZHANG Chen, ZHANG Tao ( 49)
Challenges of Island Unmanned Combat SoS and Research on Key Technol ogies
----------------------------------------------- ZHAO Xinlu, LI Bing, CHEN Hua, DU Yehong, GUO Jiwen, CUI Jinlei ( 56)
Research on the Fundamental and Grand Concept of Intelligent Cooperative Combat of Manned/
Unmanned Aircraft

................................................ ZHANG Xudong, SUN Zhiwei, WU Lirong, HAO Mingyue, YIN Hang ( 62)



A% 21 TANBFZRA Vol.4

No.2

2021 4% 3 Unmanned Systems Technol ogy March 2021

[BIA#E] ET.2020 FHEEFAHAKLESLER[I. TAZRGH A, 2021, 4(2): 1-7

2020 EREFZIFEAREELEIL

X 39
ChE TR A R T RHE ORI BE, Hhe e 4 XU -5 B 45 R 5 d T B ¢ TR S8 %, bt 100041)

W OE RS SUR BT LR AR, RN — A & R T M AT AT . 1 e T TR Se TR
T TR BE 2 2] AR RS R, DL JAE A SR 5 Ak 3 A0TSR A 5 M P e ) 15 75 )1 A 7R 1) R a5
YR JREAR s B S MR FF IR IR 27 2 T 5 1) K AR T B A BEAR FH G HESh VR 5 ) A i A A e A
e R S A | B OR A A A BT IR S ST BRI AROR R R Tl LR R, TR T AL A I
U EFE S TS AL A SR T A A5 TR T 2 ) T W A b B R R s, TR E S T
8 A RO B 2 E A5 SR B 2 T F RV b, e S AR — B () L, TR 2 SRR A AR T i 1Y)
KA,

KR AR WEROIALEL I M mag s R, AN TREE

FE 4K S: TP183 SCERFRIRAG: A X EHS: 2096-5915(2021)02-01-07

DOI: 10.19942/j.issn.2096-5915.2021.2.011

Survey of Deep L earning Technology in 2020

WANG Yashen

(National Engineering Laboratory for Risk Perception and Prevention (RPP),
ChinaAcademy of Electronics and Information Technology of CETC, Beijing 100041, China)

Abstract: This paper makes a comprehensive survey of the research in the field of deep learning (DL), and ana-
lyzes its further development directions. This paper firstly overviews the latest research achievements of DL technology
about attention mechanism, as well as the characteristics and development directions of giant pre-training model which
has made a breakthrough in the domain of Natural Language Processing (NLP). Secondly, it summarizes the hot situa-
tion of open-source DL market and its role in promoting the corresponding technology upgrading. Finaly, this paper
discusses the future development directions of DL technology from three aspects: Shannon’'s Law, Von Neumann's ar-
chitecture and Moore's Law. The survey shows that, attention mechanism and pre-training paradigm have made great
technological breakthroughs in the key application fields of deep learning, such as Computer Vision (CV) and NLP. Be-
sides, the rise of open-source DL market has effectively promoted the implementation of DL technology in various fields
of industry, research and applications. For along time, DL still has a broad devel opment space.

Key words: Deep Learning; Attention Mechanism; Pre-Training; Neural Network; Open-Source; Artificial

Intelligence
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Abstract: The core of simulation-human intelligence lies in the deep research and imitation of human brain. This
paper makes a comprehensive review of the research in the field of simulation-human intelligence, and analyzes the fur-
ther development directions. This paper firstly summarizes the mechanism of brain structure and processing mechanism,
and meanwhile the large-scale synaptic-level brain structure graph is published, which promotes the in-depth description
of brain’s structure and function. Then this paper discusses the latest research achievements of brain-like computing
model and agorithm. Nowadays, brain-like computing has become the cornerstone of genera artificia intelligence
(GA) and has extremely broad application prospects. Finaly, this paper introduces the research progress of computing
architecture integrating computing and storage. In recent years, the neural-mimicry chip with the abilities of low power
consumption and fast computing has gradually become the cornerstone of super large-scale Al applicationsin the future.
Based on the aforementioned analysis, the future development trend of simulation-human intelligence is introduced. The
proposed survey shows that, it has become a very important research route to realize machine intelligence by imitating
biological neural network, and it may even break through the ceiling of artificial intelligence (Al) and biological intelli-

gence (BI) in the future.
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Survey of Artificial Intelligence Chip in 2020
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Abstract: In this paper, the research in the field of Artificial Intelligence (Al) chip is overviewed, and then the fu-
ture development trends are discussed. This paper first analyzes the current situation of Al chip layout by the world's
major technology giants. Then this paper focuses on the characteristics and research, development and application status
of edge-side low-power Al chip. Finally, the development trend of Al chip is described. The survey shows that, recently
Al chips have gained broad application prospects in more and more scenes. The research and devel opment of [ow-power
and General Al (GAl) oriented Al chips have become the widely-recognized trends. Moreover, brain-like bionic chips
will continue to play the role of “Pathfinder” of GAI, and Al chips will help Chinato overtake in the world-wide scien-
tific and technological competition.

Key words:. Artificial Intelligence Chip; Edge Intelligence; Low-Power; Neural Network; Deep Learning;
Brain-Like Chip
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Survey of Human-Machine Hybrid I ntelligencein 2020
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Abstract: Human-machine hybrid intelligence is regarded as a novel form of intelligence, which is the next gen-
eration of intelligent science system across the combination of species and attributes. In this paper, the latest research
and application of human-machine hybrid intelligence are reviewed. This paper firstly introduces the research develop-
ment and installation procedure of intelligent exoskeleton equipment in major military powers. Then this paper reviews
the applications of Virtual Readlity (VR) and Augmented Reality (AR) technology in the U.S. military services. Finaly,
this paper discusses the influence of brain-computer interface technology on military applications and influence. The
survey shows that, the combination of human intelligence and Artificial Intelligence (Al) becomes the most efficient
way to solve the problems of complex tasks by improving the performance of human and system integration through
human-machine cooperation. The emergence of the concept and application of human-machine hybrid intelligence pro-
vides a feasible way to solve military intelligence problems, which will have a deep impact on modern and future mili-

tary operations in terms of ideas, technologies and application modes.

Key words: Human-Machine Hybrid Intelligence; Artificial Intelligence; Military Application; Exoskeleton
Equipment; Virtual Reality; Augmented Reality; Brain-Computer Interface
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Survey of Quantum Computing Technology in 2020

ZHU Xiaoling

(National Engineering Laboratory for Risk Perception and Prevention (RPP),
ChinaAcademy of Electronics and Information Technology, Beijing 100041, China)

Abstract: Quantum computing technology is one of the most disruptive cutting-edge technologies in the world, and
has become an important field of high-tech competition among major countries. In this paper, the research in the field of
quantum computing is reviewed, and the further macro development trend is presented. This paper firstly analyzes that
the major countries in the world place high hopes on quantum information technology and formulates ambitious national
development plans, to seize the strategic highland of the current new round of scientific and technological revolution.
Then the world-wide research and development of quantum computer in 2020, with remarkable achievements and
“chasing war” trend, is introduced. Besides, this paper summarizes the military applications of quantum computing
technology in the U.S. land, sea, air, network and other military services. Finaly, this paper analyzes the development
trend and macro situation of quantum computing in the future. This survey shows that, the development of quantum
computing has great scientific significance, strategic value and military potential. It is a major technological innovation
which has a revolutionary impact on the traditional technology system and carries out subversive reconstruction. Hence,

it will lead anew direction of scientific and technological revolution, industrial revolution and armament revolution.

Key words: Quantum Computing; National Strategy; Quantum Computer; Quantum Superiority; Artificial In-
telligence; Military Application

Wi HIH . 2021-01-03; f&[H H . 2021-03-03
AW H . 2 E A E R KA oS T/ (17111001 )



o 2 SR/ 2020 AT HHEHOR R 504 27
i SEART L PR Z T N TR B R
1 5 & REEFR. EEIAZTURERER, ML

2016 - 8 A, HEE TS TR LR T2
IR TS, “HTT XA, fEAAR
TR 2P . 2019 4F 10 A, 432 "l IETE
(A (Nature)) T B3R T R THRIE &1
TR i3 ARk, BFIREAR R R %
KA, A — R R i Ml R S Y R
G IR SRR, e e TR
BT 5 % 4 B e AP, 2020 4
10 A, w3k rp g BOh JRy i 58 A AT
ST R U R A AR C R
LR AR ), AR T AR R TR R
JRAEY, ik ER TR RIES, T i
PR E TR AR

2 ETITEAXRKBEARIEER

LAk, TE BT — SRR A A Pl A8 4 2 B
PR B 2Bk TR B2 G, & E R
B L — K PERTUT R AR  LIR T
BT S R TR AR TR R
HORIFSE 5 107 FH A 4 TR PRl Pk 2 S 172, it
TEE RN T B AR TR, 3T T
ORI, LA 53— SR A A i i
W o AR I il (R R
%), A A P 2 R R TR R
12 23500, R HEHEA 2020 4ELIK, EE AW
IR S e | I i e - RPN 4
EAREIE, TFRH 5 Rk & R 8 B 4

2019 4R LIk, iR 2L (5 TR
BV, FETERE T ERE S AR
BT HARWABISL . 2020 48, 25 () Wor
A BT IR ANIE I . (U R ORI A
] G2 B2 B 4 2 0 3 [ R R A A 5 AR AR
10 f23ETC AT 12 A N T RE AR TR MUK 5
S [ BT A T E, IR AR S, SR
5 i T R R R T e G 6 ) A 7K
ek, FICH AR, BERE ML

FEFIrEEARLRE. EEETIRDAE KM
(LR 2 R A AR ) (1 1), BAAfR$RE 1 58
FEPRETFRE A AN RN, R s R A
Pish A BT HBEMT R, HREIZ G S
fF, SEETFRIARE 5 AR Py 20 i 2% LAl B} 27
FSCHERCAR By el 5 2kt , 20 AR A& 7%
G AR R A R SR G R R TC Ik SR
BT DI fE 5 55 B PR 1) 28 B [ 4238 T 2021 ARk
PR WU S AR, AR R TG A A
KGO, S R E 100 I At 5 e €3
IR IFIE 2 3%, KRB I e 2 TER
BR2E 5 WA T, 1O 55 O 2 R A BR 4TS b
I e TG BB AN T4 B B0 S —Wnis
FEEANTHBEERZ2Z 2 (NSCAl) ki T
2020 AEAE A LA SCEE = 2B RS, 1) E AR
ZE 7S SO RE T 2 o 5 N TR e G
FAR L&A B g, Hrp s 8 i Ay
HAR; teAh, EEERE IR T =6 —
Quantum.gov ( & 2), %Ml # xE Rz mi B 1)K
A K HGE AT R R AR T R
BleFI G 3h .
TR A 32 2 R R AN & & T R AR,

Pigi /NS SEZ R 250E o R 24 A B B R 3

A STRATEGIC VISION FOR
AMERICA’S QUANTUM

NETWORKS

Bl (SRR T M4 A )

Fig. 1 A strategic vision for America’'s quantum networks



28 TNRGHA . BRERTIHOAR K AR BE L5704 4%
Jrifn, HARS | AARFRIAT, §IEH

)) (quantum|gov)

F 2 EHEEZREFIRS 31/ E Quantum.gov
Fig. 2 US Nationa gquantum project launch website:
Quantum.gov

[T R I B 7 A SEmh it R ), AE ARk
10 AFF: [ F & A0S 2 DOk B o T £ SR i, B
TERR TR E T HAR L M2 A= 5e 51
S, AR 2018 4 10 A, BRI E ¥ 10 /2ROt
Ja B 10 4R RO B TR R AR, %
THRD 3 A . Bl . BETIE. BT
B, TR AL R L R TR R SRS
2020 4F 5 H, ZitRIE M & BT IR
( SRA)) #est, BHHMRHE H Aok = A0 i sh i e Bk
DA RN e R = e AT = T SR o | BT R S G
R . A, 12 ML IS R <~
— AR IR WHGS, ZWEITET &
T8 EhERe A . AT e, fhe eI
HEZFRHNEHE ST R, BEEMIgES b
[) R 1 45 1 S B A T 22 49 Ay [ i B ]
Ifi, Jashi &It E kb5 H DISCOVERY it
R A Ak 1 B 5 K AT 3 5 1 i T
H, BPEMIeE IR AL TE i B AR R
3. M7 RGN EPREN R M Squared Ff
5 \ASTE 4 B sk b ik 40 5 Ay i A VR AL 4
(EFE PR . SRR I EO R I
75 ) PriH DISCOVERY Wi H (& 3), % i
DT, AR E R R T RE S A R S R T
L AR N R T 3 e SV £ T PR A o
ANTHERR LR, S FMRmrEETET
THEHLAHLAS 22 T AN TR R R R R e #% Tolk
SRR 5 RS IR AR R S A BRI
B85 62 I 58 K2 TE AR R AR 2 Hr 2k f 2 ) 17 i
MG BN G, & BRI G
5 DOKEAE 2021 4F S5 3l BREE DT, EPEERMEG A
T (EREFHEARSMHMES ), IHELE 5
RN T LT 800125 1 (29 7942 AR ) 1Y
PR, AR ERETREN AR, BA

10 AFEmpEsE SR T RERT, ROV E AR
AR I AGE L~ 150 T4 1B R BB, SR ™)
28 IR R AR L TH R AL LI ) PRI R —

Filk E i F 5T H DISCOVERY 3 H
Fig. 3 Quantum system supplier M Squared will be
involved in coordinating the Discovery project, the UK’s
largest industry-leading quantum computing project

3 EFIHENHRERBTR

ML BE RO B A AR, Andi AL
A F A AR B oL 8l J12 . PR A SR
ST R E AR RO S e . PR R
IS A 2 M LR, Bl R R A L
Yoy R R AR, RGO EAL
BUETT AR IR R T E Pk . T2, Bl
FIH T I k& A E TGS — TR,
AR i AS RV IR, A S50 v 3 o X AL 2
()4 P SRS E 3 6 28 H bR T2, JFH
AR U R T B, I T B Y T
YIS PAAS | B OCHRAETERT, RIS
G g 4% gy B R0

4k 2019 44K 53 N T ARG AL
SEHEL CEFIFREA R ZJE, 2020 A A
N AT R SRR, 20 B
¥, 2020 4 6 H, EEER T /RAFE M A
S R AL, HO AL
T IR 64 Ay, EME IBM &AL
Raleigh [ 2 f5; WA JE, BRFI/RETF I
(T g N 64 A3 mE] 128 A4, MK R, X



52

KM 2020 4R TITE R & RLE R 29

FaEEE TR, FHREF IR REE N
99.97%, FH Wi T 1E BN 99.54%; 2020
410 A 8 e F R ol — 10 B T Bk
L System Model H1, ffiH T “BFRFEAR”,
A 10 DoEaeidi a1 ey, LIk E] 128
() FARRL, BT BRI ANLEA 2T AR
Firm . MR . A A S R
REE A KR IR B R FOREE AR, 3£
E IR A A lonQ, #El THIA 324 “5Ek
)7 LR = AR 400 J7 R R
AL, HIFE T AENED 10 GETIHHE
MU FEE 0, 2020 4F 12 , hER2AEAR
KT 76 AET 100 AR B 705
HI— “JuEE” B3 (| 4), R A R E
YR E] T B TR B — A R ——
FIE AP ( Quantum Supremacy, X FR “& T
BB )o 2T R G0 Ak H v 40 B e OB 17 53K
B, HHAH R LR BYOTENL CE R R
100 J3 4248 WAk, 35 B 45 KFHY B Sk 43 4y 78 2020
SEANA PR S B R B LR, a1 2020
ET R EESIAE AT THAE 2029 AT L
100 J7 /Y T U AR AL BEER 31K ; 2020 4F 9
A, EE IBM A A AR R
K, T3 2023 4E g — G4 & 1000 & L
Fri B AL (IBM H RSt 8 AL
LA 5 65 1 HU AT ),

YENEERTKEZ ETHAAFR lonQ W
AR T X F A HAE 2019 A A ERF2E
ARK2EAE 2020 4FEHUS A “ T HiA HURE R A3
Ri& . Filis— T XETFH, IiT
2023 S T HLER 24 ) (2023 AE AL — AL AR
KEFIHEN CGHIEZR T RRET, if
IREHER ST T ML 1), T 2025 4528 ) X
A, [FEPR R TSP B0, % H
Wik e e I AR NN CBRRT
B BULL 2 MRS I1BM i R FR X4k 1onQ
INEVRNH 72 NETFALSBUN T SR T EHAC Y
e, R IR O R AL
AL S R S, lonQ AR & T EEAR S

JSEFH S 2 P T T i T A T TR R o
PAGRSE S Ik (o eloa] o0, I
T3 T BRI A i TR A, JF 4R/ N E
TR, DIBE— P L R

=)

K4 it EmyL LE” rpbsE Tyl
Fig. 4 Optica quantum interference of quantum
computing prototype Jiuzhang

4 =EFIHEMNABR

BPIFREBORCAERI | Gl TR AU
B E T, AR Rz B T AU, A
A RET S A A B R S —— i i B R E A
s G HABEOREL G, T EORR S B R AE
A L= A R e . FAT, A
FNHOEE AR T 25 MEZ IR,

Bli 275 10, S FEI Bl 4A0F 72 S0 00 2 IR A AR T4
ARGIIRRO AR RS &, —HA
HOEM ARG (GPS) MEI T H IR, MaT
BRI LG GPS B4 1 2 ZE - S o vk AR U B
Wi o R R ZEMT T SR S IE A AT 1 TSR
B LI AR P HE R o AR I R
AME GPSWRESLBUE N, . AL EfF . &L
Lot R BT, S¢ R ZET T 905 T
FELARBIN ] 2R b T3 R IH SRR
ey, WEMTEZeE=ATrm: £—, TFRE
TEAE AT TS U SRR R (o
T R AL A MIBEARAL A ) JEREZEWT TS5
TR TR TARR I, R R AR
EERE N RGBSR EHI L B,
TR IR HOR A BE E B AR A5 7T X R 26
PEATHEN, 30 B o B T B AR S 5 1 R A ER
P S AR, ERR I E BT RE G SRR 01

58
53



30 TARGHA: B

RERITIT HOAR K AR BE 2504

4%

B, R e eI RAME IR R £, EE
AR Ve 25 T ol 20 (IS M I E
(AR 2 (B HAT AR IR ) BIFSY, 3 7 1T A A
FERCR P B T R B TR o IR,
RN A5 0 B — A SRRl FH i 4238 A
(i TR AR AT M. (H)E, HATE TFREI A
(AT 22 TRE [T AR A5 B A At F 5% A4 1 J2 T
b, RAEXEREGR T, B THEARAREER
S I KRR AR B AR L A o TR
ZR RN SHALEP R E . Tk fzE AR R IF
AR, SERIRE T DU E N T R
Ko B, 2% W58 LR S A 2020 42
Wl fE . PR A RUE N S A ] 36
iy CRVETR 540 JT 30T ) FHITRIAEA 29 i 37—
AHETEEREAE L, WO ETEER
AR 2 S ROk Y S E S R ), R
WA GPS {55 sif5 7 it ™ & N R E
DL TR GPS NS | 8 4 4 A Bk
fEM4 . 5k W T e — R 0 =R AR s
DL P ARARTE 7 g IR o BE B v S ) . &
PO L L BN TS e B 8 45 . S5 s 4
5T 256 28 30 K A — oy 4 BR 100 J7 ook, M
] s i F-F 5% S T SROB 4 U B T & i
FETTI, 35 A A 3 N E Y S =
% ENB AW B FE B L . EECH BT
TEHARSATERIEIE I, B T il i s vEah e,
PE AR AN T A 0 S 81 Ay 3 5 % 559+ %) | 8 T LA
ARSI 23X — AT BT, B 2 Nk E A
2020 AF-A7) s 1 AL R A B R AR AR A T 258 H
WEREG, ZEFGEEWEWNIELZ . ik
WRETCABIE . 1o, EFEEPFEERER
(DISA) Hdifm T I ARSI 2021 W 4F 5
RTEM SR, HAACIFRE VI REHm&eE T,
DLAR 3 [E] 38 15 e 32 9 K i it TS L o
Bl 32 2250 e 0 T 585 B 2 D) S S
I AR B R T, B TN IR AR
b B —— A A O R A T B ], ]
iU RAURE 2 A E AR L AR RR S
W Hk, EEENERRG R SRS EE

FE ZARER AR BFFE T (NIST ) FlZE H B R %45
(NSA) WE1E, JEMAHLE B ETIEFETT B &
FHRAMTAE; FEbELY K “ETFaHEROE
BeMBE =S (CBINY” Wi H , 7632 E E By &R H P g &
X P 3 25 5 [ 0 P90 4 =2 ) e s — PR 4 1
IS U L T o= e R oy O i
(1% 20 AL G B e e s, ph 56 [ [ B R
TNV RE T B R ) 2454 4 RV, 30 e 5 [ B £
ISE LR g e N SR S A
“TAFAL” W45 et ( MARA LRFEEA )
MTe . 7ESEEEPiE R RE R A IEITRE
2021—2022 04 SRR o, AN B G Xt
HAB VT I A I 265 (57 40 B o 4008k 1T 5 22— 20045 ) A
TAE,

K5 WA K A 28 G I Bt
Fig. 5 Tuning facility of ELF launch system

5 EFIHEAREBERAUSTE SN

e VIED S SR PN S SN i)
HARBR . BTITRLERARAREEL . &
WEOME . RISy, R IO SRR R R AR
sk by o TR SUE M A E R BOR BT,
g1 S — R . AR R
JrTa) o X AR T K B B S B B
AT

—E i T BRI R AR BOR I, TP AL
BT HOR S AT LS AN Oy T 5 322
R BIILIR TEBE IR E BT R AL ¥ - iR
A BRI LG R RE A FRAEE O
&, BRSO RE R R A
RRBRAE T — A ARG R REAR B T A R AR
LN SR CNILPS PR & U R NN i 5
25— THA S N TR GEIZE -G AR AR L,



52

KM 2020 4R TITE R & RLE R 31

o AP R AR N TR RE L BT LA
o) BT BRSPS L B R
i AT W H ARSI N TR R R R
EAHEARMM)Z, Wi Fita T2, bt
gl RS, A REEEZ AT T
5 RO ST B, AW AL TR A E
PHE s s b 59 R, BN, 7e 3¢ [ 2020 4R
TR 2R, B B
WraF b A E R A TR e B AT R

TR B PR AR R R TSR S B A
REERY a4, Bs s omn . 5 A T8 6E
SRFIRANR S, BdE CREET 8 5
B Bz fln, o EA LRI
Yy RAEE SCHE, e TR B iy
RO A TR T RIS Rk [ 58, HA e 5%
WSS, Ry BRERE 2B, Sufs
B 5 HA R SR A AR . EARSEBE 2R L X
2, BAERRNFFRERTTE . 2 EERN.

—RETIE . N RESE AT R U Y
FE B T A 4 27 ST o IR ) R E
TR BB PR R AR AEDS, sl A L[
A g MAH R (EULA FE S 1, ) A [l A9 A
MG RIEARSRHE . W Sy, ek A A E
R F4) 5 FH A ——1E H R 7R S SR NINIT

NATIONAL STRATEGY
for

CRITICAL AND EMERGING
TECHNOLOGIES

K6 SR COCHEFH A )

Fig. 6 National strategy for critical and emerging
technologies of American

Ml 4, X — R 3ATE AR B AE P83
TR E S, B, SEEEE T 2020 4F 10 H &
A OGBS E AR B R s ) (& 6) Bt
TRAEAHA, WHMEE 5 Sk LR
FIRRIE . A AR B, o e R 3 A
MAFIZE” . BEAL, FEEARbRUE . BARWEE . BHEf©
255 AT 1) A A B A BT S5, s
ERZm ., 2w ERAIE, FRATH G
i P HAR KRR IR, e s
FEERN R TITE R RBEE T,

6 ZERiE

TR AR 0 A b L 7 M A Y
RZ—, CHON S R E KT m AR
P T . & IR AR R A TR
FRE R AT, I BE AL A AR T R A
R B R

W ET 2016 &AM CEZ T =5 X
L) SCRFRRME MR 24k & e, B it
TEVE N EE KR ;2017 4, EREEM
MO RS T B PR TR
FAR B N H7R 18T H 5 2019 4R, ERAE R
Hul . ERHEF . EREWREE TRBERR T
DEAHETH TS ETLETRILEE;
2019 4F: 12 Hvpdtrhde | W& BE R AR (RIT=
FUN DX — Rk & S BRI 402 ) TR A, e i
THfEF AR, G R MR TR
WG TLM, TIHSEZR s REEEe T
W48 ToaE X1, PR i E N s 7 2020
B3, BHER T RHEAE L3 E T2 =M
LV PRRE TN T ) PR, K 5G.
ANTHRE, BTl Rk, Tl EEK, Ek
YRR . IR . mvmBES AR BrREIR
B R A R 3T S R S R ——
HoRFE, RECHA T e TR A i A 40
RS AT RE S . R EE S, REE
FIE RN . Hils 2 EPkL: 5H—,
R E7E B T RHE B RS B (E B AR Y 48 AR
FL, W PERA . R L LA, B K




32 TANRGHA .

BBERTT BOR A R AR BE 2704

4%

IR — e, I, s SCEEAZ O
TUE IR AR R W R R RS R —
B ) 5 B A gk i SR DY T TR
ST TR B I A, A IR AR Y
Ak, WA TR R RS,
e TR R VI A IR T, G50k
RS . ATTHOR . TRBORNIL, HF & T
RO, 48 o TRk [ B s 4
P A=, FRITR TR 0 B AR AN e
MW, W CScEeE” SEm MR W R
IFIE], PR i e R U 7= o E A A
LRIV IN S RSP 0 RV b 515 3 NN B
Feah . TTEERNAROEE, fEshE s
B R AE AN, SRR S S kA
IHA7e

2 % X Wk

[1] Arute F, AryaK, Babbush R, et al. Quantum su-premacy using a
programmable superconducting pro-cessor[J]. Nature, 2019,
574: 505-510.

[2] Charles H B, Ethan B, Djabeur M S Z, et a. Strengths and
weakness of quantum computing[J]. Siam Journal on Com-
pu-ting, 2016, 26(5): 1510-1523.

[3] Deng D. Quantum entanglement in Neural Net-work states [J].
Physical Review X, 2020, 7: 021021-1-17.

[4] LA BN RERLR1. IEARGHAR, 2020,
3(3): 67-74.

(5]

(6]

(7]

(8]

(9

(10

(11]

(12

(13]

(14]

(19]

[16]

Liu Z, Li S, Ge Y. A quantum computing-based numerical

method of mixed-integer optimal control problems under uncer-

tainty for alkali—surfactant—polymer flooding[J]. Engineering

Optimization, 2020, 53: 531-550.

ARAE, AR, RS AR, ORISR,

2012, 31(22): 4-6.

Mastriani M, lyengar S, Kumar K. Bidirectional teleportation for

underwater quantum communications[J]. Quantum Information
Processing, 2021, 20, 1-23.

TR AR, BOCE, HKiEE. BT A BORIE R S T

R 15 B EH AR SHEUK, 2020(12): 64-69.

Naus H W. On the Quantum mechanical measurement proc-

ess[J]. Foundations of Physics, 2021, 51: 1-13.

Han S, Krawec W O, Miao F. A game-theoretic security frame-

work for quantum cryptography: Performance analysis and ap-

plication[J]. Quantum Information Processing, 2020, 19: 349.
T Bkt HERRMBERE AR R[] EE R4, 2020(12):
7-9.

ESLUR, B, B R, L 2R TIHRIR RS

AR S5 kR, 2019, 41(6): 569-584.

Zhong H, Wang H, Deng Y, et a. Quantum computational ad-

vantage using photons]J]. Science, 2020, 370: 1460 - 1463.
Fi, kitmg, EEM, % B TrEERSERERD). TR

BLEF4R, 2020, 43(9): 1691-1707.

g sE . R ok T T E O B BRARELD]. AR Tk,
2020(12): 51.

RV, EFRH R AR, b AL ATE
K4k, 2020(11): 20-26.

YEH I -

A A (1993-), %, mit:, TR,

= OO AT A R R

Y

el R,



A% 21 TANBFZRA Vol.4

No.2

2021 4% 3 Unmanned Systems Technol ogy March 2021

[BIAEX] %)@, 46%F, T M, £ ETRIAINERN S T AN E ST et & R 7 %[ TARGEHKA, 2021,
4(2): 33-39.

BT RNAKIELR Z T AL REHIT
RIE A R 7T iR

A, kRS, O, BRRT, A OB

(1. JEEHE TR FMABE, JLE 100081; 2. KATessh i Sl #E 3 E S 508 %, JLaT 100081;
3. PRI E R ARTFGLT, P 710065; 4. fEdvd HR¥% AL E, {f% 071003)

# E: W2 AN GEPOE LR TR, B TR S L RIE AR T S ROCR TR, KRl
L7 el Lo R 1 B 2 R N i s B A Rl L ST G O 2 (1 R o A T 7 RS B I O 2o - W e
FE 55 BF B ORERE 20 SRR AN b, TH T RS R R B AR KA, B ORI S0 4 S R A v e A SR B A etk
PO | B S S U B 9 I 1 B P ) B 1 B oy SR | o NS =T i O L D S DR T e K W A RS
SR A JE B S R () R, — AR TR AR . AT S AR T R BE A AR S R . TRy ik ek
U e T R B R R S PR RE AR AR T, Pl s B R L (RERE/NT 1s), B RS,

K ZTLANL; PREFERR]; RIFRIHESE ; LR BT L

FES25:v249.1 CREFRINAD: A NEHES: 2096-5915(2021)02-33-07

DOI: 10.19942/j.issn.2096-5915.2021.2.016

Multiple Unmanned Aerial Vehicle Rapid Cooperative Trajectory
Generation Method Using Receding Planning Framewor k

XU Guangtong™?, ZOU Ruping®, WANG Zhu?*, SUN Jingliang™?, LONG Teng"?

(1. School of Aerospace Engineering, Beijing Institute of Technology, Beijing 100081, China;
2. Key Laboratory of Dynamics and Control of Flight Vehicle, Ministry of Education, Beijing 100081, Ching;
3. Xi’an Modern Control Technology Research Institute, Xi’an 710065, Ching;
4. Department of Automation, North China Electric Power University, Baoding 071003, China)

Abstract: To improve the efficiency of the multiple unmanned aeria vehicle cooperative tragjectory planning, this
paper proposes the rapid trajectory generation method using receding planning framework. The cooperative trajectory
planning problem is divided into several short-horizon planning subproblems to reduce the problem dimension, which
can save the runtime. Considering flight performance and obstacle/collision avoidance constraints, the final-state-heu-
ristic objective function is designed to ensure that the solution of receding planning convergesto the final state. The sur-
plus-distance-based velocity adjustment mechanism is customized and the flight velocity is adjusted dynamically for
guaranteeing the time consistency of cooperative trajectories. To further enhance the computational efficiency, the se-
quential convex programming method is used to solve the short-horizon trajectory planning problem. The simulation re-
sults on typical scenarios show that the proposed method can generate short-horizon cooperative trgjectories in less than

1 second subject to obstacle/collision avoidance and flight performance constraints, which demonstrates the engineering
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practicability of the proposed method.

Key words: Multiple Unmanned Aerial Vehicles; Cooperative Trajectory Planning; Receding Planning Frame-

work; Convex Programming; Velocity Adjustment Mechanism
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Path Planning and Trajectory Planning Technology of
Unmanned Ground Vehicle (UGV) in the Field

CHEN Zhiwei!, HU Jinwen!, ZHAO Chunhui', WANG Ce!, HOU Xiaolei?,
PAN Quan', WANG Teng', XU Zhao®

(1. Ministry of Education Key Laboratory of Information Fusion Technology, School of Automation, Northwestern Polytechnical University,
Xi'an 710072, China; 2. School of Electronic Information, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: For the Unmanned Ground Vehicle (UGV) in conventional layout and structured urban environments,
the environment perception and path planning technologies are relatively mature. However, the UGV has difficulties in
autonomous planning and obstacle avoidance in the field with less information. This article focuses on the path planning
and trajectory planning technology of UGV in the complex field environment. Firstly, considering factors like the pres-
ence of convex obstacles, concave obstacles and the undulating ground, the on-board sensors system composed of lidar,
camera and IMU are used to obtain complex field environment information and data processing. Then, the field envi-
ronment can be modeled by training Radial Basis Function neural networks (RBF networks). After that, the constraint is
constructed by the obtained environment model and the constraint function is optimized for path planning of UGV in the

field environment by introducing the distance between start position and the target position, the environment height and
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gradient. Finally, the path is fit by the N-order polynomial based on the Minimum Snap so that the obtained path can be

optimized to the trgjectory that needs to be tracked. The effectiveness of this method is verified by simulation experi-

ments that it can achieve the purpose of autonomous path planning and trajectory planning of the UGV in the complex

field environment.

Key words: Unmanned Ground Vehicle; Environment Perception; Path Planning; RBF Neural Network;

Constraints Optimization; Trajectory Planning
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Abstract: Aiming at the problem that the motion of the underwater submarine is too random, which makes it easy
to fall into the local extreme area under the condition of no prior magnetic map, the research of underwater anti-jamming
bionic navigation is carried out. Considering the accuracy of underwater navigation, this paper proposes an
anti-jamming bionic navigation algorithm based on the minimum magnetic angle. This method uses the relationship be-
tween the magnetic field vector of the current position and the magnetic field vector of the target position to obtain the
optimal estimation value of the next position. The pros and cons of the navigation path are evaluated by the size of the
magnetic angle, and the movement tendency is established, thereby avoiding the submarine from falling into the geo-
magnetic anomaly area. Through simulation experiments and comparative analysis on the normal magnetic field and the
abnormal superposition field, the maximum position deviation is 0.17, and the forward trend is not interfered by the
magnetic abnormal area, which verifies the effectiveness of the scheme.
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island unmanned combat, the key technologies are researched. It is analyzed that capability requirement-driven technol-
ogy, and the architecture-driven technology, and the verification technology of prototype system, and the cluster applica-
tion technology, and the evaluation technology of unmanned system. The research results can provide a reference for
island unmanned combat.

Key words: Island Combat; Unmanned System; Equipment System; System-of-System Combat; System
Architecture; Prototype System

Iz R g5 15 BACZE BN R R TARKR AR,

TNMAE R E I FR i, I IE BN AR A A 1)
AR, AR LRI SN RIS mm Rk /N IE A fESF SRR,

[l

1 35

Wi HIH . 2020-08-03; &8 H #: 2020-12-20
HEWH . L =1 HHFEARTH (41411050X0X )



52

RUBT A TR G AR AR 2R T s 1 6 A O SRR AR 3 57

TNRGAE NS B EEZA Gy, SAA
AGBCE, ATPMEIAT ST L SR R AR ) 1 A
f£55, PERMEMA SR, MBS B R A AR AR
L, BEON 45 4o o [ 42 S Pl gR A E 2L
Tt

5 Tl D ) i A T B AL ARy, DRHCER
Bk . /NI B e R S AR ST IR L AT Sl A
I8 3 08175 Sl 0 R A0 R T ) 25 B TR, AR il
LM R R IR TR BT R, AR B HEAR
IEmEZEA . T, et RRLRTT R
K, XL AL GBI R X PR T
KB AR SCHE S0 A IR AR R4 A Y
SERk 1, AR T B ARG AR SR A B I Y
RISCBEROAR TR, JFAS X SEHA [ g e T B
TSR

2 BB AMERMERNER

2.1 {RERIAEE 2 AL
BEETFEAL, 0AE . AL HOR Bk
e, MAERPREC LM, . = R MW
S22 AU A TN T, T A R TG AR U A
# Z 3 % ( multi-domain operation ) Bl £ i ke
X, B L FR . 35 A 4R R T 0 Y A% A AR
WA, ez — R a4k
N AGHUSIEEE D BEA RS A A
B s R R L S R T 2R
AR S g T R RO &, A R IR
AT T Ak, B EETCAAERR Y Kbl WL 7S
Ko AR, ATRE T AR AU A B
B e RBRBEH R s b e Bk . RS
W2% | PRGBS A O S AR B R T, DA
(i) 200 155 4l K Ty AN A L ES , 2R IO e TA R ek
RIS [1] 38 7 TR ) A D 38 o 4 R 22 e %) 17 Bk 2
&, TERETCAAERAR R A, SRR BAR
RO I AL T v BE 22 SOIRAS A I 4R Ak
BRMA . RRIREG . RREGHAE, SCHUER
WEN S et 65 R I T
ZICABIVE AT 55, B PR IBE5 P BATE &> VR ik

WA TS LN A d IR R RAL S

/?E/%E / €71 ) % N
- y ‘\

.

¢ =
\\\
\\\7

[ . B
‘ |

Y
A a
-u._“ [EE/& /_,"

N, y
\\. ,.'/

B Bk o B IR

Fig. 1 Sketch of island multi-domain operation
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