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Summary of Passive Underwater Acoustic Target Recognition

YANG Honghui, XU Guanghui, LI Junhao, SHEN Sheng, YAO Xiaohui

( School of Marine Science and Technology, Northwestern Polytechnical University, Xi’ an 710072, China)

Abstract: Passive underwater acoustic target recognition (UATR) faced enormous challenges due to the complexity of

ocean environment and development of acoustic stealth technology. Passive UATR has become the research focus in the field of

underwater acoustic signal processing. In this paper, on the basis of machine learning, firstly, the feature extraction ( time—

domain wave structure feature extraction, frequency spectrum feature extraction, time—frequency feature extraction, auditory

perception feature extraction ) , feature selection and classifier design for UATR is analyzed and summaried . Secondly,

under the rapid development of artificial intelligence, the present situation of development of UATR is expounded. Finally,

the existing problems and future directions of development of intelligent UATR is discussed. Review shows that UATR via ship

radiated noise still faces many challenges and it need more thought and practice to building intelligence underwater acoustic

target recogniton system.

Keywords: Ship Radiated Noise; Passive Underwater Acoustic Target Recognition; Features Extraction; Feature

Selection; Deep Learning; Brain—inspired Intelligence
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Path Planning of Autonomous Underwater Vehicle
via Minimum Consensus

YAO Peng, WANG Kun
(' College of Engineering, Ocean University of China, Qingdao 266100, China )

Abstract: As the existing methods have a trade—off hetween path quality and calculation efficiency, this paper improves
the minimum consensus method to solve the path planning problem of autonomous underwater vehicle ( AUV ) in ocean
environment. First, the edge weight is introduced into the standard minimum consensus method to calculate the control inputs
and update the states of nodes, and the system will finally converge to stability. Then, in order to achieve the global path
planning, the graph is constructed via the discretized grids and multi-layer neighbors, where the node states and edge weights
are determined on the basis of the index of energy consumption and smoothness. In the case that AUV encounters pop—up threats
when travelling along the global path, the graph is redefined to generate the local path by introducing the path deviation. Finally
the simulation results verify the feasibility of our method.

Keywords: Autonomous Underwater Vehicle ( AUV ) ; Path Planning; Minimum Consensus; Energy Consumption;
Path Deviation
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Technology and Experimental Study of Powered and Spiral
Diving Test on Deepsea AUV

FENG Zhao, XIAO Ting
(The 710 Institute of China Shipbuilding Industry Corporation, Yichang 443000, China )

Abstract: Aiming at the problem of poor position and attitude control ability of deepsea autonomous underwater vehicle,

during deep submergence, the dynamic helical submergence technology is studied and tested. Considering the overall design

requirements of AUV, a multi-disciplinary AUV prototype including cabin system, power system, communication system,

navigation system, detection system, control system and safeguard system is established. The reliability of functions and

processes is verified by lake tests, aiming at the differences of lake and seawater density, AUV buoyancy variation, ocean

current and unforeseeable risks, an emergency strategy is formulated and a large—deep helical submergence test is carried out at

sea in order to realize the high precision control of AUV position and attitude during submergence.

Keywords: Autonomous Underwater Vehicle; Powered and Spiral Diving; Adaptive Control; Emergence Strategy;

High Precision Control
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Summary of the Development of Unmanned Undersea Systems in 2018

WANG Yalin', GUO Jia’, LIU Duqun'

(1. Beijing HIWING Scientific and Technological Information Institute, Beijing 100074, China;
2. AVIC Tigital Corporation LTD., Beijing 100028, China )

Abstract: Unmanned undersea systems refers to various undersea vehicles, unmanned undersea combat platforms and
related control equipment and networks that can complete hydrologic detection, search and rescue, intelligence, surveillance
and reconnaissance, anti-mine warfare, anti—submarine warfare, anti—surface warfare, electronic warfare and other tasks.
Firstly, the strategic plannings of unmanned undersea systems released by major countries and regions in the world in 2018 is
studied. Secondly, the development of related equipment was systematically compiled. Lastly, the key technical conditions
affecting the operational effectiveness of unmanned undersea systems are summarized. It shows that all major military powers in
the world attach great importance to the development of unmanned undersea systems, comprehensively promote the development
of unmanned undersea systems from the perspectives of strategy formulation, equipment development and technological progress
which deserves continuous attention.

Keywords: Unmanned Undersea System; Unmanned Undersea Vehicle; Nuclear Powered Unmanned Undersea

Vehicle; Advanced Naval Technology Exercise; Undesea Communication; Undersea Navigation
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Deep Convolutional Neural Networks for Underwater Acoustic Target
Time-frequency Feature Extraction and Recognition

LI Junhao, YANG Honghui

( School of Marine Science and Technology, Northwestern Polytechnical University, Xi’ an 710072, China )

Abstract: In the Underwater Acoustic Target Recognition ( UATR ) task, the passive sonar system has good concealment
and flexibility. UATR via ship radiated noise faces big challenges due to complex marine environment and the application of
acoustic stealth technology. In this paper, we design a deep model for UATR aiming at the characters of time—frequency feature
of ship radiated noise, which increases the interpretability of deep model to some extent. Aiming at the characters of time—
frequency feature of ship radiated noise, feature extraction methods are improved based on generalized convolutional neural
network ( CNN) so that the features extracted by the improved CNN can be understand in a physical sense. And it achieves a
classification accuracy of 75.1% in recognition experiment.

Keywords: Underwater Acoustic Target Recognition; Deep Learning; Deep Convolutional Neural Network; Ship

Radiated Noise; Machine Learning
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Overview on the Technology Development Trend of Intelligent
Unmanned Aerial Vehicle

FU Wenxing', GUO Hang’, YAN Jie’

(1. Unmanned System Research Institute, Northwestern Polytechnical University, Xi’ an 710072, China;

2.Research Center for Unmanned System Strategy Development, Northwestern Polytechnical University, Xi’ an 710072, China )

Abstract: As the military applications of intelligent unmanned system spread comprehensively and the relevant
technologies develop rapidly, the concept of unmanned combat and key technologies has become mature significantly. To this
date, a series of research projects on Intelligent Unmanned Aerial Vehicle (IUAV ) are undertaken, which promote the
technological development simultaneously. To begin with, the basic definition of IUAV is introduced. Next, on the basis of
typical projects on IUAV, the development trend of its applications on future battlefield is analyzed, including distributed
intelligent collaborative operation, high—level human—machine integrated collaborative operation and cluster operation.
Furthermore, combined with the research topics and development trend of current [UAV, the key technologies to be solved and
revised in future are concluded, which contain intelligent situation awareness, intelligent decision making, intelligent control
as well as human—machine interaction and communication.

Keywords: Intelligent Unmanned Aerial Vehicle (IUAV ) ; Distributed Intelligent Collaboration; Human-machine
Integrated Collaboration; Cluster Operation; Intelligent Situation Awareness; Intelligent Decision Making; Intelligent

Control; Human-machine Interaction and Communication
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Research on Planetary Rover Path Planning Method Based on Deep
Reinforcement Learning

ZHOU Siyu, BAI Chengchao
( School of Astronautics, Harbin Institute of Technology, Harbin 150001, China )

Abstract: In traditional planning method, all the behavior of the planetary rover is defined in advance by the ground
personnel. However, the operation environment of the planetary rover is not completely known, so it is necessary for the
planetary rover to have certain adaptive and self-learning capabilities. In order to further enhance the autonomous decision—
making ability of the planetary rover, and solve the problem that traditional artificial planning framework relies too much on
map information, and an end—to—end path planning method based on the deep reinforcement learning theory is proposed,
which maps the action instructions directly from the sensor information to the planetary rover. Firstly, CNN and LSTM were
used to process radar and camera information. By comparing the advantages of DQON, DoubleDQN, Dueling DQN and PER
algorithms, the D3QN PER algorithm is used to train the automatic path planning of planetary vehicles. Finally, the simulation
verification experiment is carried out in the static obstacle environment. The experiment shows that the D3QN PER algorithm has
adaptability to the rover in different environments.
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or (w) (r—l-;/ max . Q(s',a',w) -0 (s,a,w))

mz%[%kﬁﬂ]

ow

(3)

Hrp, 80(s,a,w)/ow AT LI DNN HIEATHAT .

(4) fd FIBEALES BE T B2 ( Stochastic Gradient
Descent, SGD ) HUBZ4, Ml L i 2o oLk
EE7S

ASCRHIBY DON R G T —A> 5 i {E
W25 48 b — B HARMEL R 2%, 1797 A2 i1 Zad 7
AR, B max O(s\atw ). BIZCHE,
H L ATE M 28 1 SR 2 B HRE M 4, R
2, ETOR CHEZHCEHN) BhR¥ R R R iR
{ELR 28 B Dt

2.2 Double DQN&;x

2.2.1 ezl

PER i) &8 % A U T S8 1 B2 ( Prioritized
Sweeping ), ‘& VAR i BT [ OG22 2 B B A
FHMREAS, ASCAH ] TD-error e A F A9 K/ o
TD—-error {5 SCRFEASIVERIAG TN -5 24 HiTE P&
B M EZ 2% . TD-error A, WIUEHT 4 Fi{E
PRURSAY i O R, BT S, BEIEEAS
“EEBIEZT N T ARIE TD—error 2 b A 1Y 5 R
A B —K, BEBIEEN, 5, B
R TD—error e KIVFEAS .

AR SCEE A BORE B ST AR S AN S AL R A
PR EEAS L S OE L T TD—error, S [RIE;, #
TRER AL E R B R R AR Y

HARRY, & SRR T HIBER N -

a

pli)= P
() S (4)

Hop, p 2% i MER e R8sl
EHE 2D, Y a=0BF RIS RENLRAE TG B o
FEAEAEPIF SRR, 2 —Fh B i i R 5
( Proportional Prioritization ), Bp

=l + & (5)

! 2019/ :I

Horp é‘iﬂ\jTD—error; EJEN T B IEA 5 /) TD-
error 24 0 Ji AN - BT 754

TESEBU R ] SO 4k, e Ry R
RO T 2RI, A sifets 17775
EAA, X, SRR BT A 4
S, SRAE—A KN N kB minibatch i, {5
[0, oo | B39 I ke A/INERRL, BEAS/ N LS 50 5%
R, BRDIAAT AT REHCRAER

5 e A T HEAT S5 9 ( Rank-Based

Prioritization ), BJi:
1
b= rank(i)

Mo, rank () JE 285t FARYE TD—ervor HEAT A4 i
MEIHH T

TEMERGET T, IR A R REA 225
A2, A ZM R (Importance—sampling )
A LATH BRI 2 o 3ok HEL ) Ei B MR AGE

s
1 1
. (7)
a”(NPUJ
o, BT RETEE, B 7EE S G

W B A 222 JCPTIE 0, ABAE S s I B I 22
R T IH— A E R AGE
%:@Eiwi (8)
2.2.2 HILJEHE

Q-learning HFAFAE ™ 5 B AL T R)RE, 53X 1NR)
AR BT A S DQNBL o BT A ShTEAE 24
FPREE N A9 SEBRIR FHEAE 0, H T2 EfE
e 2, BT LA —2L3h VR Al fig ik [m] IEAE (R
+0.5), —SEEERT R MfAE (R -0.5), 1E
Q PREGR [T A4 shVE e S Btk A T M A A S
Q-learning PEFE i K QE MY BIE . H I XNk
fE/2+0.5, HFHAE—L (EFMIRET ) #EEX
()@, Bl BRI T, Al TR ] fe B0k
W T2 7 A8 R — AN R A o A g ke a3 e R
Double DQNBGETA: 7. Bt F bR QE s
BERSERIEAL 43T, LR EATE AR Q P4 .
LEDON I B4R Q. r+ymax, O(s\abw )

(6)

max; @,
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i 7£ Double DQN H1 i1 H7R Q
r+7Q(s',argmaxa,Q(s',a B w);w_), Double DQN Hif
BHRQMEMH TIWAARw, 4353k A YHiE
W2 L e BARME NS . YRTE N 25 77 5T PR S
MAEA “TEIRZN” 1) BFRE ML B AR QA

2.3 Dueling DQN£5#3

W 3775, Dueling DON “* 4 FF DON 7 %
ZREER A T ekEE, FEAR R EARE S, —ia
PR bR B v (5:6,8) | 55— T T kG 3
PRECA (s,a:0,a ), WIASHIINA S ) AL RRL

Q(s.a;0,a,8)=v(s;0.8)+A(s,.a;0,a)  (9)
He, s, a3 S APIRESRSIE; 0 WERZ
SR PR Bk e E SR X
UEREREV(5) T A (s,a) 2 BT B bR, v(s) 2
X SRS B KTE R, i A (s,a) W5 7E 41
RS TAFBIE AR IR

DQN

TI Dueling DQN EI ;

13 Dueling DQN ) 24 4544 7~ 4
Fig.3 Network structure diagram of dueling DQN
YIRS, AR X (o) it e —10
(EJCIEAREIME— v ATA, HLan, vATA SR s
F—MEBEEAFRIRIRERY QfH, [HiGd R BARATT.
MG (9), TR E By SRR T QIER R
A 3 3 1 a. =argmax Q(s,a) , Hp
v.(5)=Q(s,a.) . B A(s:a.)=0 . fhle. Wi
SR A e P ST AR S E RO L R B 0, RAIIESY
B R v R R USRS T A vee BTRIER
Q(s.a;6,a,p)=v(s;0,)
+[A(s,a;9,a)-maxa.€‘A‘A(s,a';H,a)]

(10)
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A A(s,a;@,a)-maxa.E‘A‘A(s,a';H,a) BUE MO,
it Lh Q(s.a.30,0, B) =v(s5:0.5) , tLivf v(s:60,5)
AR — R A TR R A, Ji A e
LS RE . R T 2B max B, AU 17—
AT e, A1),

Q(s,a;0,a,8)=v(s;60.B)
1

+ A(s,a;@,a)—KZA(s,a';H,a)

(11)

XAHAE e HAReRE, AR R0, (HA]

PAARIEIZORZS N 2 SR L3 R B HE P A E

M HAT LA/ N QIERIE R, KBRZ R A M, 2
IR IR E

3 TEFENRHIIGIESE

3.1 BBNSERLGIETSE

HERAERNFR T ES L4, B LS
R B[V, 0,d,,6], Kb, v, Flo, Jyt i
24T R (T A EE S L, d, 6,y £ b
PR TR B B R (S B 1 BOIRES(E
BT REREM& S,

i, =
fTEd e

K4 ASEBALET R B

Fig.4 Schematic diagram of its own information processing method

3.2 HtERRTEEAETSE

#6751k (Light Detection And Ranging,
LIDAR ) REE WA [R] A OGHR - [m] IE 0 $A5 HAT 5



A&, DRI R VT AT B 4 R S v i B
LIRS 2 —
LIDAR =R S =@ THRFIIEE, R

FAF T AN ST RO REASE I CNNEF TSR . AT
KK ICTZ ( Long Short—=Term Memary, LSTM )
WA BLLIDAR S =5 E, e cell o0 5124,
FLARI 255 AN 5 B

LSTM

s

1

s S

2 S512

KIS AMLIDAR A 5 B A LSTMF 45 4 R B ]
Fig.5 Schematic diagram of LSTM network structure for
processing LIDAR point cloud information

F T, P LIDAR % H Y 5 =15 B8 360
4, PERIE 50Hz, FRIMTEREN -90°~90°, i)
BS54 0.1~10.0m,

3.3 MREBEELESE

JAE LIDAR 8K 2 [ A5 490 104 B 5 RO AR
ALk B EIFARRH T e Ry 28 m, 115
MU SE AT 38 3 73 28 58 BOX TUAE 55, B 45 AHBILAY
FI&, mTLARCEUE X4,

AR SCR FH CNN Ab B 56 S5 B . i A ]
15 (11024 x 728 ) 23k A BN S it (4T ) 548 Ky
80 x 80 x 4 YIRIEIA KA, X BRI T =146
ME, B2 convl, conv2 Flconv3, Convl,
conv2 Flconv3 F EESHRT S WA 1.

WBEAL I

N LR

! 2019/ :I

*1 EBEPESH

Table 1  Convolution kernel parameter

e, R ﬁééi/uﬁ i tljasﬁ S T
E IR EF LS
convl 8 8 4 32 4 SAME
conv2 4 4 32 64 2 SAME
conv3 3 3 64 64 1 SAME

3.4 NEFRMETSE

o545 A0 TR A A BRSE R
LIDAR 5 = A5 SRR o B8 AF S ab 17 12 ﬁ
254 D3QON PER B, MW LIS AT B4 3R
FHERG 75, WK 6 iR,

4 (HEERKRSH

4.1 TEENSFEZES
R B R MR T B PRI AR b PRI 1 2 Ak

EIRKAT AR s EAs A5 11 A HoT, gk
2B
#2 fERI#
Table 2 Action partition table
eSS W/ (m-s™) SR / (rad + s7")

0 1 -1

1 1 -0.5

2 1 0

3 1 0.5

4 1 1

5 0.5 -1

6 0.5 0

7 0.5 1

8 0 -1

9 0

10 +1

EiEZE (DuelingZfit4 )

80 x 80 x 4
M? }-’ Q{E > BhE
"‘kg%*ﬁu/\ LSTM fe2_action

IR
1::%%]/\

Double DON PERS 1

Ko FRETRAIE R G 75 5 n B

Fig.6 Schematic diagram of environmental feature fusion scheme
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4.2 EiESHSERRSISE
VR SRR B N 3 R R Tl
SORRE, e— BB € ZHONTIHATE 1.0 TF 1415 14
YN B Rkt T, Wt (12) iR, HFle 25T
6ﬁnal Exﬁﬁ/ﬂ: o
1.0

€=€———
Num _training (12)

R3 SHEK

Table 3 Parameter settings table

ZH P NN
Y BRLES ¢ 0.99
Learning_rate SRR 0.001
- DU RMR L 12 0.1
Num_action gt 1
Num_max_episodes T RN EL 500
Num_replay_memory TR VAR NN 5000
Num_training VB2 50000
Num_update FBR 25 T A8 500
Num_batch minibatch K/ 32
Num_stackFrame B 4

PER LIS HO EANZR 4 Fon o (HASTERER
&, BRI BRI G EER M T

1.0- 4.
oL (13)
Num_training
#4  PERFIEZBHOER
Table 4 PER algorithm parameter setting table
S8 FX PN
BJj 11 2856 i) TD—error 2N 0 J7
EN 00001
@ R Z g 0.6
B T i 22T 04

IR ES N ES, K, v, fv, 5
AR e 2R e -1 AT R AR EE R o il
o, NI ZIR - V2T AR RS d,
Fd,_ e BEZIRN ¢ — 1R 2077 B AR 2 0 0 1
GRG0, 10, Ryt BFZIR -1 Z0FT R G AN
SR
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5 RIhREI IR

Table 5  Setting of reward function

it} Bt
A B ] 1S PR A =
AL AR ~0.1x(d, ~d, ,)
T H AR 0.1x(d,, ~d,)

TR S A R R AR AR
F35 HARE B 1 1 20

—-0.01x (‘a}, -0, ‘ + ‘v, -V ‘)

4.3 HBRS5DH

BRUD R A A AL MBS BRA, $E A5 B
HIEENE 7 B .

o 30m

ﬁ/ﬁ‘ ‘
*%jt — 0
g ATRA

K5,

WIS

K7 i BTN EE

Fig.7 Schematic diagram of simulation environment

Hop, SRR KN Im (R EAIETTE,
MR 1.5me (eI, 1724 MR
SURNZE R DL R S B i 0 6 B AR S ALY, A T
BAIAT BRI PRE R SZRRE S, A )7 206 2 L
TAEM: ITRERE S A S Z A EEE AN T
20m; A EHSFENG Z AR EE B AN T Sm; &
A BEATE5AT B 4 A S ORI R R] B A
T 5m.

I 25 T 22 Dl it 4 K50 722 Ak Fa S 151 8 i
7N, HIEIRTRL, LRI

BEPLAE Y 500 HE b P eI, o A
A il B R A A A S AN B 9 s o el AT
500 YA P AT B A 4l B Ik T2
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Fig.8 Change of reward with episode during training

23.0F
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#R
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Fig.9 Chart of reward change with episode during testing
SR A, 10 s, BRI
AL RERS IR RS, I H B .

18

12 -

6r ® @ @

T e ® ®
6 @ @
12 F @ ®

y/m

1 1 1
B -6 0 6 12 18

K10 AR RIS SRR R
Fig.10  Schematic diagram of path planning results

5 & ig

AR SCHIETE T AT B 4 v 21 S ) 6 A2 AL Q) (] A
B FEREHT T RMUAEAT B BRI 57 B T 52 A2 AL
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ar NP EE L ) 52 223045 b fidfi HH CNNFILSTM
WL AL A5 B, 454 DON. Double DQN .
Dueling DQNFIPER LA, SRAID3QN PER
Bk, My rATREEAFERE. AE¥ILURA
N RE ST o FERRAS BRI IREE h HEAT T — R 5158
B, WE 7O R R BB RS N v, R T
HCAEA R RG2S BRIA T B 42 L A ANA
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HETRCBBARERITEINIREC
MRS5S D BT

Toeik, AaZ
(MRRIE Tl K%, TAZRIE 150001 )

OB RS S AT 55 A B i), S T R B R s Bk, R R
BB R IE i . R AT S5 (RIS ) S 5 R LA B R SRy i B AT 45 5 2 22 L KA D) 52 B AT 55 20 o 2% A
T, RS TT 55 T4 2 2R MUR A E R T 55 A Bl ), B3k i Je % B e AT 55 i 2R 24
) B 2R BETT TR AISE N pREL, SRIGHR I T — Rl i — Bk, 30 T LA PR 2258 BB AT 55 43 i 7]
B, SERZEERER, PR AT SS A B A vT LIS A AR AR e IO AT 55 A e ) R JE 2 M %8, FT AR
WS A AE BT 55 A L A i

FEEE . RN TS0 CBBA; —EME Y P BEIAIT S

FESES. VIO XEIFRRB: A XEHS: 2096-5915 (2019) 04-0511-08

The Extended-CBBA-Based Decentralized Auctions Algorithm for On-
Orbit Assembly Spacecraft Task Allocation

YU Xiaoqiang, ZHENG Hongxing
( Harbin Institute of Technology, Harbin 150001, China )

Abstract: Aiming at the task allocation problem of on—orbit assembly of large space structures, an auctioning
algorithm based on extended consistency algorithm is proposed in this paper. Considering the time sequence characteristics of
transportation, installation and other tasks in on—orbit assembly process, as well as the task constraints of certain complex tasks
requiring multi-spacecrafts to cooperate with each other, the problem of on—orbit assembly task assignment that assigns tasks to
multiple multi—spacecraft is solved. Firstly, a new bidding function is designed for class constraints and time window constraints
of complex assembly tasks. Then, a new consensus algorithm is proposed to deal with multi—agent task assignment problem. The
experimental results show that the proposed task allocation algorithm can provide a conflict—free solution to the multi—spacecraft
on—orbit assembly task allocation problem and ensure the successful allocation of complex on—orbit assembly tasks.

Keywords: On-Orbit Assembly; Task Assignment; CBBA; Consensus Algorithm; Multi-Agent Task

Wk B 2019-04-11; ERIHE]: 2019-05-20
HEWH . ERMEEERE (2019T120275)
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7% A S8 U TR R RO oK, A S ATE R AT
SN E N . HERE R Ry Hbn o AR 554k
e 1 R

WAL 55 o oS T E AR T A W A
WAL TTE . AT X IR n] SRR T7 vk I Y
WO Gk T Hod, ST A R R A0 S
WL SRS B A B, el b S e
REVR Z [F] B A EL AP RY , & — Rl AR 25 5 5
B R ST B R ez
7% ( Consensus—Based Bundle Algorithm, CBBA )&
— PR AL R A 55 L, R e
X AT S5 FEA TS, R TF R — R E
KRR etk Z IR s Bl g L ARSCRIN T
— PR CBBA SR 1, HI TR HAT DB [RE 55 2971
FR 2 BCAT: 55 70 e 25 BLAT AS TR RE 1 Y AR 7R BB I
I EZil NS

ARSCHR A SO SR A LU P DT T

(1) WARBAER I b isk . 24T 55 1)
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55 s b 6] o Sl B se i ki g, % &z
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Fig.1  Description of on—orbit assembly task assignment problem
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receive B,'.; and s, from agent k

forj=1to N, do

form=1toN,do

if B, >0 and m # i then
if s,,, > s,,, or m=k then
B,,=B,,

end
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end
if m # i and B, = 0 and B,, > 0 then
if Yn(B,,> 0) < L,, Vn then
B, =B,

)< B!

else if min(B,';j V7 then
B,=0
i _ pk

B, =B,

mj
else if min(B,';j) = B,'f,j ,Vn then
if m>n then
B,=0
B,,=B,,
end
end
end
end

end
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Initial Analysis on the Status and Development Trend of Foreign
Artificial Intelligence

YANG Weili

( Academy of Military Science PLA China, National Innovation Institute of Defense Technology, Beijing 100142, China )

Abstract: This paper expounded the connotation of the concept of artificial intelligence, introduced the main
characteristics of artificial intelligence, analyzed the development status of foreign artificial intelligence technology from five
aspects: machine game, pattern recognition, machine translation, cognitive reasoning and social computing, predicted the
future development trend of artificial intelligence and summarized the development path of foreign artificial intelligence. The
summary shows that the current artificial intelligence technology is still in the development stage of data—driven perceptual
intelligence. There is still a big gap between the overall technology level and human intelligence level, and the overall technical
level is still far from the level of human intelligence. The future development trend will be from perceptual intelligence to cognitive
intelligence, from machine intelligence to group intelligence, and from basic support to optimization and upgrading. Artificial
intelligence will gradually lead human into a new era of human—computer collaboration.

Keywords: Artificial Intelligence; Cognitive Intelligence; Swarm Intelligence; Autonomy; Pattern Recognition
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