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Research on The Development Strategy of Intelligent Unmanned System

Abstract: The major needs of the development of intelligent unmanned system in China is focused on, the
development status of intelligent unmanned system technology at home and abroad is analyzed and its great impact on the
development of human society is fully foreseen. The definition, classification, classification and social attributes of
intelligent unmanned system are put forward and the basic scientific problems and common key technologies of intelligent
unmanned system are summarized. It is pointed out that intelligent unmanned system is an important application field of the
combination of artificial intelligence and real economy, an important support of intelligent society, and an important trend
of national defense modernization. In order to achieve the goal that China’s intelligent unmanned system science and
technology will reach the world’s advanced level in 2025 and the world’s leading level in 2035, the development roadmap
and key research directions of China’s intelligent unmanned system are proposed from the perspectives of technology and
industry. Consequently, professional, constructive and practical suggestions are provided from the fields of social science,

natural science, engineering technology and industry to guide the development of China’s intelligent unmanned system.

Key words: Intelligent Unmanned System; Intelligence and Autonomy; Intelligent Society; Intelligent Unmanned

Combat; Development Roadmap
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Development of Key Technologies for Intelligent Unmanned
Underwater System

ZHAO Liuping', LI Huan’, WANG Peng’

(1. Second Military Representative Office, Naval Equipment Department, Wuhan 430064, China;
2. China Ship Research and Design Center, Wuhan 430064, China;
3. School of Marine Science and Technology, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: Unmanned Underwater System (UUS) is the main equipment to explore, exploit and utilize the marine
resources, and it is also an important part of modern naval equipment. With the increasing demands in application and the
rapid development of artificial intelligence technology, the intelligent UUS gradually becomes a research hotspot. The key
technologies of the intelligent UUS, such as underwater communication technology, intelligent cluster technology and
underwater intelligent bionic technology, are focused on. And current development status is reviewed. Then, this paper
points out the technical difficulties that need to be tackled, including: High—speed and high—sensitivity transmission
under large—capacity and long—distance conditions; intelligent driving and control of underwater bionic robots ; large—scale
coordination and control theory under complex sea conditions. Besides, the future research direction of intelligent UUS is
predicted, such as improving the efficiency of underwater communication, strengthening the intelligence level of UUS and
developing advanced materials. The research content will provide a reference for the development of intelligent UUS in the
future.

Key words: Unmanned Underwater System; Intelligence; Underwater Communication Technology; Cluster Tech-

nology; Underwater Bionics Technology
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The Development Trends and Applications of Image Caption

MA Qianxia, LI Pinjie, SONG Jingyan, ZHANG Tao
(Tsinghua University, Beijing 100084, China)

Abstract: Combining computer vision, natural language processing, and machine learning, image caption solves the
problem of generating descriptive texts for given images automatically, which has been one of the most elusive tasks in
artificial intelligence for decades. An overview of the core principle of image caption and the history of development is
given in this article. Then seven types of representative algorithms are summarized, including object recognition and
attribute detection models, multi-instance learning models, encoder—decoder framework, attention models, reinforcement
learning methods, generative adversarial networks, and hybrid model. Then the applications of images caption are
summarized in image retrieval, education, medical assistance, social media, intelligent traffic, and other areas. Finally,
the development trends and challenges are discussed, which are needed for further research and applications. The survey
demonstrates that high—level semantics and attention mechanisms greatly improve the accuracy and recognition efficiency
of image caption algorithms. The framework has a trend of shifting from a chain structure to a hierarchical structure. How to
build a unified framework for multi-modal information processing needs further research.

Key words: Multimodal Machine Learning; Computer Vision; Natural Language Processing; Image Caption; At-

tention Mechanism; Deep Neural Networks
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Table 1 ~ Commonly used datasets for image caption
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Fig. 2 Image caption process by human beings
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Fig. 5 Framework of generative adversarial networks
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An Overview on the Intelligent Guidance Law
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(1. Unmanned System Research Institute, Northwestern Polytechnical University, Xi’an 710072, China;

2. School of Astronautics, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: The design of guidance law is the key for missile to hit the target and carry out its mission. With the

continuous development of artificial intelligence technology, the design of intelligent guidance law has become a hot issue

for scholars to study. This paper mainly introduces the development status of foreign intelligent missiles, such as the US

long—range anti—ship missile (LRASM) , the Russian zircon hypersonic anti—ship missile, and the Norwegian anti—ship

missile (NSM) , mainly discusses the domestic and foreign applications in design of guidance law based on neural

network, fuzzy theory, reinforcement learning and other intelligent methods. Then, the future research of intelligent

guidance law is prospected, a single—agent intelligent guidance law under distributed multi-source heterogeneous

information fusion conditions or under multiple constraints and uncertain conditions, as well as some multi—agent

intelligent guidance laws such as cooperative intelligent guidance law are proposed, which provide a practical direction for

the development of guidance law in the future.

Key words: Intelligent Guidance Law; Neural Network; Fuzzy Theory; Reinforcement Learning; Multi-agent;

Cooperative Guidance
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Trajectory Tracking by Mecanum Wheeled Omnidirectional Vehicles in
Formation with Collision Avoidance

ZHANG Xiaofeng', YV Dengxiu', FENG Zhe’, XU Hao'

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

2. School of Electrical and Control Engineering, Xi'an University of Science and Technology, Xi’an 710600, China)

Abstract: Aiming at the trajectory tracking problem of the omnidirectional vehicles formation of Mecanum wheel ,
this paper proposes a trajectory tracking method where the vehicles can avoid collision during the formation process.
Firstly, the kinematics and dynamics model of the omnidirectional moving vehicle of the Mecanum wheel are established.
Secondly, the formation of the vehicles based on the sliding mode control theory is designed so that it can reach the desired
position with a fixed geometric formation. Then, in order to ensure that the vehicles do not collide with each other during
the formation process, an artificial potential function is designed. Finally, the overall input control of the formation is
constructed, and the stability of the formation is proved by Lyapunov theory. Through simulation, it can be verified that the
vehicles formation can maintain a fixed formation to achieve trajectory tracking, and cannot collide with each other during
operation. The research in this paper takes omnidirectional mobile vehicles as the research object, solves the problem of
formation trajectory tracking under anti-collision conditions, and can accelerate the practical process of multi—agent
systems.

Key words: Omnidirectional Vehicle; Formation Control; Trajectory Tracking; Collision Avoidance; Sliding

Mode Control; Artificial Potential Function
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Fig. 1  Frame diagram of omnidirectional mobile vehicle
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Adaptive Path Planning for UAV Based on Interfered Fluid
Algorithm and Deep Neural Network

WANG Yanxiang'?, WANG Honglun'?, WU Jianfa'?, LUN Yuebin'?

(1. School of Automation Science and Electrical Engineering, Beihang University, Beijing 100191, China;
2. Science and Technology on Aircraft Control Laboratory, Beihang University, Beijing 100191, China)

Abstract: In view of the existing path planning methods of UAV are difficult to consider both path quality and
computational efficiency, this paper proposes an adaptive path planning method by combining interfered fluid dynamical
system with deep neural network. Firstly, the interfered fluid algorithm is used to generate sample data, and the grey wolf
optimizer and rolling horizon control are used to optimize the sample performance. Then, with the strong learning ability of
the deep neural network, the relative pose information between UAV, destination and obstacles are extracted from the
sample data as the input of deep neural network, and the interfered fluid parameters are used as the feature extraction of
the output end to train the deep neural network offline. Next, the trained deep neural network is used to dynamically adjust
the parameters of the interfered fluid algorithm based on the current environmental information. Finally, the simulation
results show that the proposed method has high robustness, the quality of the planned path is high, and the calculation cost
is small, which meets the real-time requirements. The proposed method enhances the adaptive ability of UAV to the
environment.

Key words: Unmanned Aerial Vehicle (UAV) ; Path Planning; Interfered Fluid Dynamical System; Neural Net-
work; Grey Wolf Optimizer; Rolling Horizon Control
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Research on Ground Target Recognition and Optimization Technology
of Unmanned Vehicle
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(1. Northwestern Polytechnical University, Unmanned System Research Institute, Xi “an 710072, China;
2. Crootech Electronic Technology Co., Ltd., Xi’an 710077, China)

Abstract: Aiming at the application requirements of intelligent target recognition algorithm in unmanned vehicle, the
ground target recognition algorithm based on CNN (Convolutional Neural Networks) and its optimization technology are
studied. An adaptive network pruning optimization algorithm based on double regularization terms, and an INTS
quantization optimization algorithm for FPGA are proposed. Aiming at the pruned and INT8 quantified YOLO V3
algorithm, the intelligent algorithm program deployment of XCZU7EV device verification platform based on Xilinx’ s
Ultrascale + MPSoC series is completed, and the simulation verification is carried out by using the visible light data set
and infrared data set of unmanned vehicle. The experimental results show that with the effective combination of the two
kinds of optimization algorithms proposed in this paper, YOLO V3 algorithm can achieve 4.5 times acceleration ratio on
the FPGA platform while maintaining the network accuracy, which can meet the accuracy and real-time requirements of
ground target recognition of unmanned vehicle. The optimization algorithm proposed in this paper provides a new technical
idea for the deployment of neural network on embedded hardware platform.

Key words: Unmanned Vehicle; CNN Target Recognition; Hardware Resource Evaluation; Network Optimiza-
tion; INT8 Quantification; FPGA Acceleration
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Table 1 Statistics of parameters and MAC calculation quantity
of typical CNNs
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Table 2 Resource calculation statistics of recognition

algorithms based on CNN
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Faster R—-CNN 224 x 224 25.72 87.53
(VGG16) 448 x 448 31.59 87.53
R-FCN 224 x 224 10.46 46.05
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YOLO 448 x 448 20.28 271.7

SSD 300 x 300 31.37 26.28
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YOLO V3 416 x 416 65.43 61.63
608 X 608 139.76 61.63

2 T LA X AS TR A9 TR0 8 T 4% 4%
F R B IR T SR A AR o SEBRR BIPE RE M
YE, YOLO V3 55055 MRS J82 11 5 1 1 24 46 (1) £ )3
S T RO AR . B RTFESC PR H £
FH YOLO V3 25 Tiny M 2% , # B2 R 58
B 113, R E R 25, JC Ik I e A B IR
FIELR B 2 HAnsr 256 0 H o B DLan )

YOLO V3 33 215 51 R0 55 o0 BHAR () 52 2% ) 24 A 1k
I FH 2 R AT 5 4T, 2 0 0 A e F X

3 YOLO V3M KL o

YOLO V3 M5 341 107 J2 , 7 R AE $2 Bk %
T Darknet53 (1) 5 28 2544, [) BF A 4 5% 2 I 2% 114) S
FEE SRR B . YOLO V3 M4l 19414 =
BRI aE 1R

LeakyRelu

BatchNorm Conv
Conv2D

K1 YOLO V3 &4 &ERIEA
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Table 3 Hardware resource statistics of YOLO V3 network

TR AR PR LEITN N
416 x 416 65.43G

Macce
608 x 608 139.76G
416 x 416 170.29M

Activation
608 x 608 363.76M
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BiasAdd
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Param
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416 X416 38.29M

Div
608 x 608 81.79M
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pruning and quantification
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Research on Autonomous Take—Off and Landing Guidance System of
Air—-Ground Marsupial Robot Based on Local Relative Positioning
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Abstract: Better adaptability to the environments and task can be achieved by combing the Unmanned Ground
Vehicles (UGV) and Unmanned Aerial Vehicles (UAV) to compose marsupial robot system. However, autonomous take—
off and landing is a key technology of the marsupial robot system. Focusing on the problems of the marsupial robotic
system, such as narrow take—off and landing space, dynamic motion and so on, a set of local positioning guidance system
is designed by using the method of relatively high—precision positioning and information fusion. It provides accurate
relative positioning information for the autonomous take—off and landing of the UAV. The control method of autonomous
take—off and landing of UAV on the mobile robot platform is studied. The autonomous release and recovery of flying robot
on the narrow ground mobile robot are realized. The test is carried out on the actual robot system to verify the effectiveness
and feasibility of the system. Besides, the proposed technology and system can support the application of air-ground
marsupial robot system and also can be used as reference for other accurate relative positioning application.

Key words: Air—ground Cooperative Robots; Marsupial Robot System; Autonomous Take—off and Landing; Rela-

tive Positioning; Accurate Guidance; Control of Landing
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Simulation Study and Analysis on the Multi—Inertial Navigation Fusion
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Abstract: Aiming at the problem of low navigation accuracy in the flight of civil aviation aircraft, a multi-inertial
navigation fusion scheme is proposed and the optimal navigation solution under the condition of three inertial navigation
parallel installation redundant configuration is studied. According to the existing navigation results and the known
characteristics of aircraft position points at the end and beginning of each flight process, the weighted coefficients of the
three sets of INS are calculated through the previous navigation error to fuse a better position. The results show that when
IRS is fault—free, the optimal mixing position error is within 400 m after the weighted fusion of the three inertial navigation
sets according to the historical information. In the case of IRS failure, the optimal mixed position error is within 500 m. The
multi—inertial navigation fusion scheme provides a high accuracy position update method, which leads to a reliable
navigation system.

Key words: Inertial Navigation System; Multi—inertial Navigation Fusion; Air Navigation Technology; Navigation

Accuracy; Navigation Reliability; Inertial Navigation System Error Detection
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Fig. 5 Monte Carlo simulation when the performance of three

0 5

sets of intertial navigation is consistent
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Fig. 6 Monte Carlo simulation when the performance of three

sets of inertial navigation is inconsistent
4 e EST

4.1 fHEPHRE

5 FCALR A Ao T o5 15 BRI A O KA T AR
Horb s s BRI S S A R S
JEE N RN BRSO K O B i S
DL 4. ML S BB AT L, A AT R
M N KT R R R s — R 5
LBl shfE , BAASHOLE 7~9,

x4 PrEMEEEERE

Table 4  Simulation waypoint information setting

iy () EEE/(°)  EEE/m o HE/(mesT) AT
1 108.90  34.20 1000 0 JE i
2 10928 34.52 1000 220 JE i
3 109.95 34.95 10000 220 JE RS
4 109.95 36.25 10000 220 VI
5 110.88 36.25 10000 220 VI
6 110.69 35.35 10000 220 JE 2
7 111.23 35.35 10000 160 FE i
8 110.85  35.03 10000 160 JE i
9 11025 3440 1000 0 JE i

4.2 FEBRARRZGET

AN BRI R R ZE B AS R R 22 (R
Z A NGRS L SR M S MBS BRE . Fin
N IBEIBCAR T 2 A O T R R A SR
W 20 ms, ARG OF (FESR AN 1) (9
SRAEJE I BETT O 10 ms , SR FH 4 53 6 140 2
BEOE . AT AN 4. 1T ik, DUEIRAGE S Bk

_. 20} |_‘.‘ I
g; 0 AN | N — ﬂ (_;
-20t . : : ! ! A
500 1000 1500 2000 2500 3000 3500
t/s
_ 10F \ T ﬁ\ ‘ r ‘ | h ' &J L T -
> —It AN R oo (NS
=4 0 T f ﬁl / fl 1 A
~10k = VoL L : ]
500 1000 1500 2000 2500 3000
ts
200 T T T y ;
. ST V‘ N /
< — e \Ws
3 0 \/ | I;’\\I _,f'- M
-200 - - L —
500 1000 1500 2000 2500 3000 3500

t/s

K7 i ELE P SR B

Fig. 7  Attitude information in simulation trajectory

Vd/(m-s™)

500 1000 1500 2000 2500 3000
t/s

I —— N —
of N N —
N AN v O

-200f { i e

500 1000 1500 2000 2500 3000 3500
t/s

V,/(m-s™)

V,/(ms™)
o
L

—50k - - ‘ - ; =
500 1000 1500 2000 2500 3000

t/s

K8 i B P A A

Fig. 8 Speed information in the simulation trajectory

12000
10000
8000
S
@ 6000
P
4000
2000 87
0 36
109.5
110
105 111 115 ()
ZEREI(°)
K9 (i ECH = ZEpilk
Fig. 9  Simulated 3D trajectory
R 10 7R

M B SR 0T LUE | AR R IR ML s s Ay ok
(T 1 22 JLF- AT DL 200, SR 2 4 10 ms SR A
A SR R RS TR 2ETE 0.3 MAb 2, KO
FEIRZETE 2X107° m/s T2, K B IR 2ZETE 4 m P,



38 TANRGHAR EURE
5x103 — 2><1(r3
% 0 e D s werentn O E o0 -/\\\_
S N ;u N N
_ -2
50 500 1000 1500 2000 2500 3000 3500 ) 500 1000 1500 2000 2500 3000 3500
t/s t/s
%1073 ~ x10°
_° o ¥
:<z 0 - A -l £ 0 Sl
S ;z :i .
_B
0 500 1000 1500 2000 2500 3000 3500 ~ 500 1000 1500 2000 2500 3000 3500
t/s t/s
2><]_03 —~
<o i e 5—82% e T g
S >-0.
-2 > _ ]
0 500 1000 1500 2000 2500 3000 3500 = 00 500 1000 1500 2000 2500 3000 3500
t/s ts
(a) BAIRZE (b) 22
5
B S
2 T ——
.~
0 500 1000 1500 2000 2500 3000 3500
t/s
5i
£
3 0
o 500 1000 1500 2000 2500 3000 3500
t/s
0 ———
£ 2 ‘\
[Zs}
_400 500 1000 1500 2000 2500 3000 3500
t/s
(o) DB RZE

B0 SEEE S TR 5 A

(XL S YR E)

Fig. 10 Strapdown Inertial Navigation System simulation error result (error caused only by algorithm)

FFE IR ZAETE SR 22 5% M ERZ M o
4.3 RESEFRZGELIT

K 4.1 5 1 RAT R , A5 A5 S8R 4 X i
TR R AR iR 22, FEEH A A i 22
FETERT RIS ER 22 . AT 1505 BB A
FORAE SR 5 4.2 5 AR A 15 M 2R 2 25 S 80
THTIR

FEI M 754% . [0.01 0.01 0.01]"(°/h) ;

FE IR 21 B R B05% 2% : [40 50 601" (ppm ) 5

FERZFEHLIEE : [0.002 0.002 0.002]"(°/Vh ) ;

It A R - [50 50 501" (ug) 5

T2 #2502 50 50 50 1" (ppm) 5

Pt A2 (8 8 8] (g Vs )

P T R AR T Y, A P g R 2
B, & O 0™ i, 3 B NG s B RHLUR X R
A PRIE = 3 0 sl M PE 2 0 T 80 St
SRR ZENE 11 PR

F ] 10 FEL 11 B (475 L5 300, T B2
RELJE B2, P 11 v ey e A 3k B A e ]
10 TR IG5 FEBH S R 45 AL 24 22, T 5 B SE G 1 L
BRI Lo WK J7 1 a] J0, A SRR A
BRZEAE T IR KO- BRI B IR 221 LA 2
#m%%ﬁ?%ﬁ IR B R B R 221 5% i

N, BEE S T B S 0 22 U AR R 225
iﬂ@%ﬁn%ﬁﬂ&%ﬂ%%ﬂd\o PRI, 7R R Y R A
FHUIT AR R RG BE A 25 |, TR i SRR DY
SRR R FATERE M EK
4.4 =ERFREMEHEST
4.4.1 FERGE NSO E

(1) fi HBhak

kR 4. 177,

(2) ZHE

BB RIS R 2E S EU R -

IRS1:



£ 6 1]

FRERAF : LSRG Z BT RRG T7 R 05 1Mo

89

ol

2000

PV

1000 1500 2500

t/s

u-y,\

1000 1500 2000

AN

1500 2000
t/s

(a) BAIRE

P N\

o
1000

500

00 15

T

TN

1000 1500
t/

S

1500 2000 00

t/s

(b) HEJF R

1000

500

10 1500

2000
t/s

10 1500

2000
t/s

500 1000 1500

2000 2500 3000 3500

t/s

(c) LR

K11
Fig. 11

P2 4% 4 [0.01 0.01 0.01](°/h),

Fe I BEALYFE £ %70.002 0.002 0.002 J°A/h);
It A A & 50 50 50 (ug )

It 22008 8 8] (ug+Vs).

IRS1 WM HER 251 K[ -0.17 0.17" 2.76' ]
IRS2:

B H (VA% [ -0.01 0.009 —0.012](°/h),
FE I BEALYT E 2 $70.002 0.002 0.002]CA/h);
T A B R [ 48 =52 50 ] (ug) ,
InitEAEREALEE R A8 8 8] (ug-V's)
IRS2 W X IR 2214 4 [0.18” 0.17" =2.76 ]
IRS3:

UM (V4% 4 0.009 -0.013 0.01](°/h) ,
FEARBELIE 2%10.002 0.002 0.002](°/A/h);
fnit A E A [ -47 51 -50 ] (ug)

It HAEREPLIEE 2208 8 8] (g V's) o
IRS3 WU RTER 2510 [ -0.18" -0.16" 2.48" ],

SRS T HLAE AR (G B R R 22 )

Strapdown Inertial Navigation System simulation results (including inertial device errors)

442 fHEZE

(1) IRS JCifk b

HRAE =W T Al 3L A T 05 2L, 07 B RN [
3500 s, PSR AL E AR 10 ms, 5 H 1 20 ms, =
EM LN B AA G A S IR R E 12, 05
HYpEEEiEG A TR ERLE

B2 F H, =B AR D s (5 AR &
J5 B AR IR A AL B 1R 25 8L FI SA 43 I 7E 400 m Al
300 m Z N, J /N T L — W Sl [ S T
HTRRZE

(2) IRS A4 i

S5 IRS1 FEIR R (IR 410.01 0.01 1](°/h),
HAG BAE XSO B 4.4.10 7T AR =4
RS S A T B, 05 FLET ] 3500 s, 53R
FEJE 4 10 ms, 5557 8 19 20 ms, {5 . Hh i i 3 5
SIANTREEERE. BRI EmS T
(I B R 22 45 AN 13, =2 IRS Al &8 Rtk dr ik



90 T NRGHA %3 %
2000 — RS 5 IRS3 P AL AR 4l Dy s 45 A& . AIEL 13
§ 0 ::Sszhkﬁif F 6 TRST B b 25 J , SR IR A B R 22 5L Al
20008 éggc 1000 1500 zoﬁsoo 3000 3500 SA 43 SAE 400 m 1500 m Z N, /N T B — 245
= e Sl T R R B
3500 i s SO s e =
o0 500 1000 1500 e 2000 2500 3000 3500 5 g:é': -i'@
£ 2 ]"1\ AR SCER R BT AT SRS AR Y
© 0 WA [, $E T —E 2SN SRS T &, 4kt

S0 100 0 200 200300 W 5T SEMRVATIOE AN &0 F Rt S0

K12 =FEIRSEIG AN B ik

Fig. 12 Position error of three sets of IRS fusion

2000 i
£ o ! ——r
2 ~2000[—IRSL
_2000|—— IRS2 M~
IRS3| 1000 1500 2000 2500 3000
—IRSc ts
1000 ——
g 0 —
S
~1000
500 1000 1500 2000 2500 3000
t/s
5
£
(2=}
-5

0 500 1000 1500 2000 2500 3000 3500
tls

E13 A =2 IRS A I B iR

Fig. 13 Position error of three sets of IRS fusion when there is

a failure
1
E o2
H
E
& 0.5
=1
i
by
= 0
ﬁf 0 500 1000 1500 2000 2500 3000 3500
1 t/s
1
iy
5
% 05
S
ot
# 0
0 500 1000 1500 2000 2500 3000 3500
t/s

Kl 14 = IRS Rl A A BRI SR5 4
Fig. 14 Three sets of IRS fusion validity flags and failure habit

numbers

BT 2H G AL 14 077 o
K 14 55 1, 1800 s Z il = &M 20 #E A T80
FiliG, 1800 s K H TRST Ff) ik i Jim ok PR B, TRS2

fE SR A . AR EIATR S5 E

(1) 7E IRS Tl B i, =158 S ] LAAR 4fg g sz
w RN A 5 A5 R TR A B IR 25 7E 400 m
ZM;

(2) #£ IRS A B i), d5e PR TR & 007 5 15 22 4
500 m Z N, B /N TR —E 15 Sl 7 AT
SRR 2E

b 25 5T SRy B 2 B S A A A B ok
(I ERE AR

2 £ X W

(1] M, D, K. I T INSIGPS/RE it 10 A 245 S A
(] LS 5TER S, 2019, 38(3):33-35.

(2] /e, mfg. 2SR ARG IEUrE . IARF
SR, 2019, 41(9): 125-127.

[3] Xiong Y, Zhang Y, Guo X, et al. Seamless global positioning
system/inertial navigation system navigation method based on
square—root cubature Kalman filter and random forest regression
[J1. Review of Scientific Instruments, 2019, 90(1):015101.

(4] JERH . B PR ARTE 2 Sy K e S 0], Rl S8,
2017(10) : 1-6.

[5] BRI MAEPHEBESMARG M JbaT: s Toll i
1, 2010.

[6] MR, PRimoR, i, 55 . SEREL S RO LRE S
[J]. SE S, 2018, 5(1):12-16.

(7] BABE, S&7-fd, SOgE, 45 . % T 0L 4 AL AY SINS %5 Hh
Frpmse )], EREAR, 2019(1):9-13.

(8] H/he, mE. B RGR SRS ITEIFE ] I
BlEdiA, 2019, 41(17):125-127.

(9] WEA . A ELTHHL GPS/INS 414 S & 48 3035 05 B
[D]. st B AR, 2005.

[10] ZRZS. GNSS FIINS St R 40 P B AR BB e (D ).
BB TR, 2016.

(1] B8R, BB, WEHT, 4. KT SIN/DVLAL & PR
LRAR[)]. B HR, 2018(1):2-9.

[12] Qin H, Yue S, Cong L,

et al. A state—constrained tracking



£ 6 1]

HRTR  CHLS R Gl 2 S Ay R D MBS 91

[16]

[17]

[18]

[19]

[20]

[21]

approach for Kalman filter-based ultra—tightly coupled GPS/INS
integration[ J ]. GPS Solutions, 2019, 23(2):55-57.

Bortz J E. A new mathematical formulation for strapdown inertial
navigation [J]. IEEE Transactions on Aerospace and Electronic
Systems, 1971, 7(1):61-66.

Miller R. A new strapdown attitude algorithm [J]. Journal of
Guidance, Control, and Dynamics, 1983, 6(4): 287 - 291.
Savage P G. Strapdown inertial navigation integration algorithm
design part 1: Attitude algorithms [J]. Journal of Guidance,
Control, and Dynamics, 1998, 21(1):19-28.

Wang M, Wu W, He X, et al. Higher—order rotation vector
attitude updating algorithm[ ] ]. Journal of Navigation, 2019, 72
(3):721-740.

FERSTE, /NI, SR, A RIS R T SR 22 b
b AR TR LT ). TRz, 2017, 38(7):723-727.
B, XA, B DA 35 T B R A5 28 5 1] e B v
L] B RO 4R, 2013, 21(1):37-41.

Wang M, Wu W, Wang J, et al. High—order attitude
compensation in coning and rotation coexisting environment [Jl.
IEEE Transactions on Aerospace and Electronic Systems,
2015, 51(2):1178-1190.

Wu Y X. RodFlter: Attitude reconstruction from inertial
measurement by functional iteration [J]. IEEE Transactions on
Aerospace and Electronic Systems, 2018, 54(5):2131-2142.
Wu Y, Cai Q, Truong T K. Fast RodFlter for attitude

reconstruction  from  inertial measurements [J]. IEEE
Transactions on Aerospace and Electronic Systems, 2019, 55

(1):419-428.

fEE A
HE5R(1971-), F, Wi+, i, 2
7 00 KAT RS s SR . A
WA .

B #(1986-), 5, flit, AT L, £
BTSN Z BN RGBT e S HAR

EOME(1988-), B, Mit, BlHdR, £E
WG IT I8 RAT e R G RETRAY B,

2o (1972-), B, AR, TR, £
WG5S0 AL RGBT AT RHLAALEE
it

X% (1985-), H, fit-, TF0f, 35
WFGETT 1] RS AT e A L B



53 55 6 ] EANREREAR Vol.3 No.6
2020 4F 11 H Unmanned Systems Technology November 2020

[SIAER] 347, BXE, A AN E LR RERMARE R TARGLHA, 2020, 3(6):92-106.
> = PN —
EMEEDERRIEABSRE T

34, AXE F AR
(1. PEAL TR TIC N R G R SR BT ey, PE2E 7100725 2. PEAC Tl KT ARG H AR TR, P64 710072)

W OE: B AR I R SR N DS E 5w e TS R T, SEAER T S v R R AR R
WE, BT ORI GBS 5w 4 SOS RV R AR A A3 i B A A A L A H R R SRR, R
PR T T RS L A T R RIS RO e L R KRESE R ER R R 5, USRI R AN L R
R IR S BN R ERATIN T D50 AR S O AUEA . R06 A 3. oSy SR, &
DT T DFETE A A A SRS SR AR SR B S TR & AR LA SR R M B A 1 sk
g dh— B EE M BT A A RO IR A . A LR L Sk ST 2% BRI R R
AN 500 S5 A% 0 B R, IR T Th 38 s AR R A 5 i e e (OFFSET) | K R 5 & H AR ALK
(SoSITE) . LS5 SI BB R 4 (DyNAMO) . & A i (ACK) . 43#/HAE (Decomp/Recomp) 2535 [
ZIMEARTE R LR e, A G IR R AAK & R R, IHANAES T D3 s x4k
JETT a7, T8 IR AN A ELAE 2] IR IR ZN G B 8 e R S AR R T 10 A & A, A SRR I Rk
SIS P AR AR, MERERE TR . RRVER S & . VR AR S R RI LR &5 0y T, T 5 | 45 TR 4 AR
WA ] B AR S R R

KR DFETOA; KERMSSE S ool RARER; FRETARS; BaeAx

FESES: E712 XERFRIRAD: A TERE: 2096-5915(2020)06-92-15

Analysis and Inspiration of the U.S. Force’s Concept of Mosaic Warfare

GUO Hangl , FU Wenxingz, YAN Jie!
(1. Research Center for Unmanned System Strategy Development, Northwestern Polytechnical University, Xi’an 710072, China;

2. Unmanned System Research Institute, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: With the rapid development of the worldwide military science and technology, and the continuous
improvement of its competitors”’ strength, the U.S. military put forward a new concept of Mosaic Warfare, aiming to form
the military advantage in the strategic competition among great powers and symmetric operations. By closely combining
with the planning and progress of the mosaic war project, the deep—seated background including the worldwide strategic
technology development, competition between China and the United States, and the direct factors such as high cost of
weapon research and development (R&D) , high dependency on high—tech equipment, are deeply analyzed. Then, the
characteristics of Mosaic Warfare are summarized as low cost, flexibility and autonomy, distribution and anti—cancellation.
The nonlinear superposition of the combat effectiveness of Mosaic Warfare including the kill “Effect Net” at war and the
advantage on weapon upgrading and R&D cost during peacetime, is profoundly explored. Next, the core key technologies
of Mosaic Warfare, are concluded and refined as swarm intelligence, distributed human—machine cooperation, flexible
network and communication, combat effectiveness evaluation and test for system of systems and so forth. Meanwhile, the
detailed relationship between the core key technologies and the supporting projects of Mosaic Warfare, including
OFFSET, SoSITE, DyNAMO, ACK and Decomp/Recomp, is clearly expounded. Consequently, based on the current

situation of our army’s combat capability and future development requirement, the enlightenment of mosaic war on the
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development direction of our army is summarized. It pointed out that our army should carefully study and deeply understand

the combination point between Mosaic Warfare and the future development direction, make ideological preparations for a

long—term, sustained and all-round joint confrontation with a strong enemy. From the aspects of weapon equipment

development, system operation research and war—oriented implementation as well as combat command and control

mechanism, our military operation mode is transferred to the future advanced mode.

Key words: Mosaic Warfare; Strategic Competition among Great Powers; Decision—making Center Warfare; Sys-

tem Battle; Intelligent Unmanned System; Intelligence and Autonomy
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Fig. 7 Low cost and low complexity combat units for Mosaic

Warfare of UAV cluster
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dynamic targets

I B g A AR ) B 1 AN SR 5 LA
(7] IR o BE A% X I8 iy ™ i S A AR ML , B
AR L SPGB IR, 5
I HUREA T B A5 70 E , 7E e AR 6037 SR A 1
Ol NI IR FE R

FOR AN REDTIRIE . D B8 S AR ORI

MR AR A RS20 B Y BRI 577 A, 1l
BV R AL S BRI RER S8 4 .
R BT S AT AT O T, B 38 se U AR Y
A B ATVIRETE AR BT S5 o AR BE MR R
FATTHARI I, B B8 v B T 1 37 HL s B sk
FTZIIRER) RGN I, W RE A BIAT 415 B BB 23
P B A IR IR SRR SE A TS5

PRSI RERI PRI T T B3 iR I 28 |
B SN AMEILG , S0 B SRS i) < 1
U T Z B ME A A T PSR 2 T ) e

PR ARG FR IR A o BT S 38 S AR AL
AR R IT IR AN AR AR R L AR R
GRS AR SR IC T AR 0T LA 21 SO B bR
HHANTE R, Hy T B v SR R RE TR
PRI AH 2 RF 1) A 5470 ) T AN S T B AR AR B 2
REMYARZEIZAT , O RACFRCAN SR AL T B R T
Gl I 1 TR R

FEAAE AT AR BAS AN 5 BE A9 AR T
SEFEME A 1B AR O FE A RAS BORES , (A0S
PREZABERS “ITRRE " “THABRYE ", TR, VAT AE
AR A AL A B H S e 2% S B AR SR i AR &
PEE N BV EHT

W FFAMERRGAE S . W5 UL, Eh 38 pe f Ay
AANEBE F1 -5 SO MR AT 55 (4 5ikad B AR
DI REDTHRIE SRR A A BT SC 2R, Xt
TREFRER T AR A il FAT B2 Ak

TERS BRI T, He— 07 B A2 I 3oufi U SIS
[ A2 SR04, 57 RO X R 1 R 2R P
o TEDFETMUAE ML SRR DT, IS 2
R R HM AT, AR N RERE A8 75 5 201 B Tt
RATEOL P ORFFoe B MR TRy A TS BAT IORAS
AOLF, IR AR B A S i R v, Eh 38 s i e
i R B CL 77 ) B4 BE T IR AL T AR, A A
TAERFA S AR R

(2) Al RS TH BIF e 0 S8 T 8 4 B AS I
[] S5 3

HHEE T I AHLIERE | 8 AL 25 A% SE AT OHE
&, BB AR AL A DR T T ERRIRES R i A
fRCRACRE (] IR RE RS 8 AR IR ZS T LR S I
e, 3k TR B B AR A5 AR R A S I A A
AR AR AR5 S 7 3 301 4 o 452 D7 T



£ 6 1]

AT BT IR A DI AR SR R 99

T 3 73BT BB v A ) e AR R R
R R A I R AR DR A 5 WE A
JRC WA BOREOR & a7 4Ed A & R T
S IR RESETE 2o B T D B D AR T 0 A R
TN RERNAE 2% B B 2K, s A ST & 1A &
PERRE . ThRE AR A B SR A R A0 T i A5 2
AR RS IR G5 G217 R AREA
AR HA A

B ARSI DIRE TR I B SR S ST
KAy WER B HE A 3 TR, o228
RESE A 25 & F 5 AT A AFE S R R AT )
I3, R BT A R, RS8R R Y ] SEVE R 2
RE AN ZR G100 T B o FEAVE ST R GEHESL
TR, H 8 A8 17 4E 5 At B I i L 7K
IR BURPIRAS TS REZ 2 W AR R A DL, AT
TEN] RERY 4248 s B vh A 50

FEUR, FEAAR S AT T RE Y SR TSR R R
AL THIE TSR TR B A R TT S T )
AR AR K, LA—Fl /D D™ 4 7 X8 ™ S8
TR (LR AR T A0SR TR PR AR 255K
A IR HE T HAAE R TT I RERY RS AP PR R T ]

PR, FEAE 3B TC AR PR e A3 TR RE 8
KBS I A SR S E R R B BT 7 v, 5
I3RS I B S AR BOR ke T LIRS
AL G BT 5 TERIBA A F I AR 2 H R B A%
PERLE 2276 5 I I 1 Y

Wit LB R DU L 7R AR IRAE TR, B
FE 5 AR SOARE A Y SE AR B T AR B A A R]
B XA K E ST PUE AT B T
M) FA (Lo

(3) AR RE AR B

L35 T S BE S AR RRLRE , T2 SR
PR3+ I A A RE A T AN A AR SRR BE S T
1M H = AR o, HAC - 3Rs e g o

Ar = AH (. b,) = f (P, b)) - A, (1)

+g (b1, d,) - Ad,
s Ar B SORCRE O M B, AH (+) D RN A
ACSCRE A N SRR BE A AR B N eR K, &,
&, 73 A SRR BROSCRE AN AR SN AR BORCRE 1T Adp,
HAD, 7350 g 2 AHEL f () SO 1 SO R S
It Adp, WA AE BURE 1Y AR L S in pR A, RAEAE

VR OSURE o, Xof & AR SR RE 4 TR & £ it
YERT, T g (+) R AR BRSO £ A, X B AAAE
R B AR L Pk S i PR A, RAE BRI Ak R o, XF
RN SRR RESE TR A R HEVE
VERRELHE &, Fl b, AT HE— 202153
b, ={ A, A5 A5 A,
&> ={ X1 X0 X5}
A, Ay, Ay, Ay G NI K A B B R BT 55
RIS NP AR DD RETHRIH MRS FE IR AS 7
AR RE 374 A 1 SRR L BE SR T, X0 X0 X 20
ol Xk AT 13z 2 AR AT S0 T2 ) S A
OB RHER TR B AR S VR SRR RE S T . Rt
BEARNE R ARG B in SUAT LA — 20 3R
Ar = AH (¢, d,)
~f(dn b)) Ap, + g(d1. d,) - Ad,
~ A Ass Ay Ay X Xas X3) = AA, + -
(A Ay Ay Ay X5 Xas X5) * AA
+2 (A A A Ay X X X3) - Ay +
+83(A1s Ay Ay Ay X X X5) - Axs
SF, - AA + -+ F, - A),
+G, - Ay, + -G, - Ay, (3)

SN LY IPREENY D | ORI S I DK (B g o
T AL B IR F, - F, G, -, G 5005
AR BE SR T L V3 25 w8, TR IR R AR
LMED N AR AR AE LT |, B AR SRR Y
FHwbgR et (H 2 R T ) 25 R R I pEE .

G D BRVERR ) &, i — 20 X S v ik R
IRARAS N AR SRR AR T HEA TR . AR R Al
R

VRGPS A0 5 LN AT I i 52 2% %37 5

VERCE 5 < i BRI th 80T s kb FOT 1E
SN B RO T I A S, FEREO Bl RAE
DR AR A

FOOT HARZEEL 1l M SR H AR 0T ] R
R sl Hbn KT Bk H bR i 5 [ B 48 H RS 5

FOOT B ARAE S RE T - 5 2 O BRI AR R R
(P

TEGQN F S 2 AR T TN THE SR > L
i B 2B RO BARR ZFVERAT 55 45 R
B GERIVE ST XS B ERR H AR R 1B L #E
BEREAL , 1T B8 vw AR AD B b RN G, T PR K

(2)



100 TARGHAR

H3

PRI, EER AT

OFEVERR R A 7 R AR SR HE DSy, 2
O B AR R AT 55 75 2o bl g 25 Z AR
-5 AR SR A BESE A, 75 A SR R AN
RGBS 5 R . S 38 e o g AT
BREA A ARG IAT /A RIRFEIRIRE, KRFET T
MR (O PN N30 ATE S YNGR ) e i
I, B3 e R R AR O B 0 R AR B
3 3 4 AN [R] A 2y RS E BT 52 JAS ) (4 4R AT
%5 I, BT BB v AR AR PR R AT 55 35
Mo, HREAT T X VE SR T & BRI 5L Y
oK, O 5 R AR Y VE ORI T, BEAE W] I 56 g 5
ZHERERRAESS .

QFEA R P 7T, Y5 VESAT 55 BAK
SYBCIE , O VERROE B XECH B AR I IS —
— Pt ] — 17 8) (Observation—Orientation—Decision—
Action, OODA) %473 [l #% . 17 4 1t OODA B¢ J7 1
WG, Tk e 20 BRI OODA 3, S BUZAT 55
TR 5E TN, IHAZSE Y OODA [0l jg vh 4 —FR 1
S O NN A TR N s s e 91 47
BEUR, PR R A A R b [ AR B 45 OODA 3195, {H
TE53 AR AR FE AT, 23 PR Bl B 2k &%
I, B3 T iR R 18 21 f 75 v (8 AF L B I Ak 24

LSERE AR R, DRAEVE BT 55 BEAE IR 56 1
I, B 38 v R AR RN REBTHRIN L 7201 A T
RBYTE LT AT RE = L SE AR AT 55, © 5 TE [ RE Y
VESUG IR , £ AR B IR A S RE 3445 31 5843 &
P A R T VR A A e ] R TR 2% o

OTENE B IHFERIF AAE AR T J7 A2 G 2
RREE S WEEYNHE S SO AR i I N R s
RE Tl 1 NGRS A B3 52 o TR A4 RO X
S R B SR BRI
JA ARSE A= B e T B 1 R 0E A 5T, 7E AR
AR B T VR SROBAS IR AR . [RII, F840 i A
BB S C 77 R B E SACRE , i R C 7 IR ¢
B R m R B fVEARAE J) o PRI, B T B 38 e i
IR AR OSCAS TSR R Y AVERRBE T, [RIRE VR
TR, 5 REBEAEAS IS [A] B TH AR R R R Hh AR 26
TRAFom R AV RRE T

It LA B AT AT LA Y, B3 e SR R A
T SRR R 430 5 T A e R A Aty T A

F T AIE AR AKCRE T T 1 24 B BN (e A
VEEARE , AT SRR A A Lt 8 i SUA B
A7 A SR RE A A B e i

(D5 T8 v O R PRI AR AT 55 38 B AR
G 77 AT AR AT oA SO AT 3 22 iR AT
55, IR ES 38 0 S B BRI M FE RE ) St — 40
e it 2 AR AR AT 55 ) g SO S I, 1 B R RE Y
AR rEE N .

Qe R, B3 e ST RE ) e 0y
P T3 AR TR, TR AR R BT O T
e KR AT T AR 5808, AL B e
EIFMHIR S, DRI T B3 v iR AR
CIASIA R (E e GiAIUE | B2 =3 |8

(ST X F 49 g Bl oo, R XU T5 44 Tl 25 R
AR AR AE , T SR v AR SO FE AR AR, A
B ARS Z E DR At A 7 R R 4R 3P R0
g, BE— R BE R IA R RT IR (2 Bk 22 2 TR
(AT S5 B S8 B, TR IR R SR RE AR LR T
3.3 DFEFRBROREBIA

LRE T T BE v A B A A AT A Ak
REAR TR, HA L SRR ] LU N -

(DR BEHA

TR BE R AR R IR R R B AL L X
L ST . BRATEGEA TS
B, 2T — AN T BERY B2 AU, 2 S
BEpE MM b 2 19 1 EVERE TS, AT AR e
BRI S0 T FE e R FERI A AZ O OGO . 1819
JER T TEAHLEEIEAR A AT BER AR R AT 253

K9 TANUEER
Fig.9 UAV cluster

AR BEAY K ek T HL AR BE , (ELR R B M Y
IIRESCBL G SO/ T F R RERG TR LB I . EhE oe



£ 6 1]

AT BT IR A DI AR SR R 101

ORI TR BERT A RS B IRAS R A0
EEAAE RO LUR TG 24 G A B A&
A, 7 AT T AR AR RO BE A B AR T RERK
Ho Horp BRARE REROAR R AR S OTH I
HIR SR 2R FE D RETH A6 O 5 5 R R A T RE A S B
TR REROAR , AR ST n AR S 7 0 5
FUE S5 R IAT R AR A ERVAG , SRR DI fE
eRAL . B TR v P A R AR R RE
PR REBOAR ST HE— 2B K738

ORI o FEARURR 185 BETC AT
PR 25 8 M) T DAY B ) A TR B R A P 308 % ] 30 B
SEA L R IR R a3l 15 R A5 AR AR AR P 3
IR BN AR B TR R, e A R S
A IR S ARG o

QORFAYR A . BRI TR ATRER
A AR B 3, 2R R — R R 2 5 R
AT A i R D 4 PR SR T7 SE  Aad A

ORHRIRIEA . HEATT N BA M A A
ZURITIR PRI AR A, T8 A 1 B % Jg S LI, 7
B DI A] B BEAT S o AR I ik 3 A R AR P R
BT EZ S A i MEE (7Y o T Bl N 7 A i g AN
(R VR SEREAR T R AT o

@A R . ARSI A 2 10 15
BB T B9F78 , B JE 3 A A 1 e o A A T
SRR AR i e ) R AL, R R
s g B o

(2) 73 A ML R A

h3E v M TN T RE AN B 5 28 40 S it 70 AT
BRSO, 20 AHIL B Rl AR T2 22 e B 3%
e S A R NS B R AR A A s ] 7]
o R TR BEEOAR R AR i S5 H
S AR AT 55 R B

oA AL ) BEA IR F2 50 A 2 ) 4 ol 35
U5 il B SRR A M AALSE AR RN ER G 1Y
SR A AR Ty o AT R o0 A R O
A S — PR B/ SR8 N TR REAN A 2 R e 4G
B o AT PR 7 A NS LA A A 1 R
PREPR A RO A R sl S O R T
BRSO S TMHL, 20 A SR BN A
IR B AT B )32 ) el sl P e , AT e %
[P T e B 22 1) DR S5 117 S TG B s A S8 AR 6

ohy S B ES B S 14 A R SR L BRE SR
A BUBE A S ] 2830 73 -

OALESA . ERBESMXNANRGE
, LU A A 77 2 R N S L ER AR AT 55 AT
AR AT A, e N SR
] R AT 0 FR A5 R G | JCREAG .

@7 AT XAHPR A . ERARTE AR
Gerp, N LR S5 20 A 2T A e AT ks R
DR, SR e i o — ML HEAT PR (4 Rl 5 s i
B 2RI A PSRRI o T BRI
A ANLII R BRI AZ L 25 385 73 A e ok
XA AT o0 A SRR R, BRI R
AR D) RE L

oA SRR G R AR BAT BRI Bl Z Ak
IR TR BETC N R G AR [ 2SR il o
Pr iRl A5 07 SRR R S i R . A X
SAE TR A (], 20 A R SRSt I AR A o A
PIRAT A EREREST 5 R BRI LF- AN
THEVRRE PR B RS DI RE , T AR (A DR SR s R0 AR A o T
A AP b B A, e 28 U R B Y
Ho B0 R T AR Z ST, A2 1
(R SRR e R A S IR R =]

F=1<
He o

K10 St feidss B A U AP 3R
Fig. 10  Distributed man—machine decision of the air combat

with heterogeneous group
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