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The Application of Manned/Unmanned Aerial Vehicle Cooperative
Combat and Its Influence on War Form

DING Dali, XIE Lei, WANG Yuan
(Air Force Engineering University, Xi’an 710038, China)

Abstract: Intelligent warfare is coming soon. Driven by the development of artificial intelligence and unmanned
combat aircraft technology and equipment, the intelligent coordinated combat of manned and unmanned aerial vehicles is
highly valued by military powers in the world. By analyzing the direct causes of intelligent weapons and equipment and the
limitations of existing unmanned aircraft combat modes, the background and military significance of manned/unmanned
aerial vehicle intelligent collaborative operations are discussed, and the focus is on the manned/unmanned aerial vehicle
intelligent collaborative air mobility the subversion and impact of the five combat styles of combat, close air support
combat, air interdiction combat, air dominance combat, and strategic air strike combat, followed by analysis of the impact
of air combat styles, combat potential, pilots, and military technology architecture and other warfare factors. It has a
certain reference value for promoting relevant industries and departments to pay more attention to the manned/unmanned
cooperative operation and plan ahead of time.

Key words: Manned/Unmanned Aerial Vehicle Coordination; Intelligence; Weapon Equipment; Combat Style;
War Form; Attack Mode
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FESES: V19 XERERIAFG: A TEHS: 2096-5915(2020)04-10-12

Research on Intelligent Cooperative Combat System in Air Denfense
Suppression Mission

WANG Xinghu, CHENG Jialin, GUO Qiang, HE Shengjie, GUO Fei, CHEN Yunzhu
(AVIC Chengdu Aircraft Industrial (Group) Co. , Ltd, Chengdu 610091, China)

Abstract: Aiming at the problem that modern air defense systems pose a very high threat to the manned institutions
performing air defense suppression, a manned/unmanned intelligent cooperative air defense suppression combat system is
constructed based on the concept of intelligent cooperative combat, which can help air forces gain the advantage of ground
combat. Firstly, the combat capability and their respective advantages of manned aerial vehicle and unmanned aerial
vehicle in air defense suppression are analyzed from several combat cases, and then the intelligent cooperative air defense
suppression system is established by using the centralized decentralized architecture. The system takes manned aerial
vehicle as the command and decision center, and a number of specialized unmanned combat aerial vehicles undertake
reconnaissance, electronic interference, penetration and strike tasks. Through data link and intelligent decision system,
all combat units can cooperate with each other efficiently. Finally, the operation principle and logic architecture of
intelligent decision system of intelligent cooperative air defense suppression combat system are designed. Manned/
unmanned intelligent cooperative air defense suppression system is an effective means to inprove the combat effectiveness
of air forces in air defense suppression missions, which fully integrates the advantages of manned and unmanned aerial
vehicle.

Key words: Suppression of Enemy Air Defense; Intelligent Collaboration; Combat System; Specialized UCAV;

Centralized Decentralized Architecture; Intelligent Decision—making
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Fig. 1 Manned/unmanned intelligent cooperative air defense suppression operation system
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Fig. 2 Operational process of manned/unmanned intelligent cooperative air defense suppression combat system
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Fig. 3  Centralized decentralized decision architecture of manned/unmanned intelligent cooperative air

defense suppression combat system
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Fig. 4 Operation logic of intelligent decision system (Continue to the next figure)
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Review of Trajectory Controlling for Manned/Unmanned
Aerial Vehicle Cooperative System

LI Yue', HAN Wei', ZHONG Weiguo’
(1. Naval Aviation University, Aviation fundamental college, Yantai 264001, China;
2.91206 Army, Naval Aviation University, Qingdao 266108, China)

Abstract: The key technology of trajectory controlling of Manned Aerial Vehicle/Unmanned Aerial Vehicle (MAV/
UAV) is reviewed and the future research is prospected. Firstly, the significance and characteristics of the research on the
MAV/UAV cooperative system are introduced. Secondly, from the view of flight dynamics and control, trajectory
controlling for MAV/UAV cooperative system is discussed and four key technologies are refined, which contain the offline
trajectory planning technology of heterogeneous cluster based on space—time constraints, the online trajectory maneuvering
technology of heterogeneous cluster with long distance based on traffic law, the intelligent decision-making technology of
heterogeneous cluster with short distance based on deep reinforcement learning theory and the robust control technology for
formation maintaining of heterogeneous cluster in the circumstance of wind field. Then, the latest progress of each key
technology is summarized. Finally, the prospect of trajectory controlling for MAV/UAV cooperative system is analyzed. The
review shows that four key technologies should be researched further. On one hand, the traffic rules and design of
controller can be referred from the existing achievement of MAVs and improved according to the characteristics of
cooperative system. On the other hand, the autonomous decision—-making and air combat technology of UAV based on
artificial intelligence should be developed vigorously, which is the significance of UAV in the cooperative system.

Key words: MAV/UAV; Trajectory Controlling; Space—time Constraints; Traffic Law; Intelligent Decision—-mak-
ing; Robust Control
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Transmit Power Control Algorithm in Manned/Unmanned Aerial
Vehicle Hybrid Swarm Based on Stackelberg Game Theoretic Model

SHI Chenguang, DING Lintao, ZHOU Jianjiang
(Key Laboratory of Radar Imaging and Microwave Photonics, Ministry of Education, Nanjing University of Aeronautics and

Astronautics, Nanjing 210016, China)

Abstract: This paper investigates the problem of Stackelberg game-based transmit power control for manned/
unmanned aerial vehicle hybrid swarm. It is formulated that the transmit power control process is treated as a hierarchical
Stackelberg game model. In the underlying game model, the manned aerial vehicle of the manned/unmanned aerial vehicle
hybrid swarm acts as a leader, who decides the prices first through the maximization of its own profit. The multiple
unmanned aerial vehicles play the role of followers and subsequently operate in a cooperative behavior to maximize the
overall profit according to the released prices from the manned aerial vehicle. The Nash bargaining solution (NBS) solution
for the formulated game is derived analytically. Then, the existence of the NBS and uniqueness of the solution are strictly
proved. In addition, a distributed iterative approach is developed to solve the resulting optimization problem. Finally,
several simulation results are provided to verify the effectiveness of the proposed power control algorithm.

Key words: Radio Frequency Stealth; Transmit Power Control; Manned/Unmanned Aerial Vehicle Hybrid Swarm;

Stackelberg Game; Target Detection
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Fig. 3 Convergence behavior for the transmit power of each unmanned aerial vehicle in different cases
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Fig. 4  Convergence behavior for the transmit power allocation in different cases
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Fig. 5 Convergence behavior for the achievable SINR of each unmanned aerial vehicle in different cases
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% % s ﬁjk to distributed spectrum management [C]. 2010 IEEE
International Conference on Acoustics, Speech and Signal
(1] ZE, BRE. 5 AHUTE NS S AV RV SR IT £ 5 e Processing (ICASSP), Dallas, Texas, USA, May 15-19, 2010.
£[J] MRS, 2017, 35(3): 90-96. [11] Duong N D, Madhukumar A S, Niyato D. Stackelberg Bayesian
[2] B, Refd . A AWV AN EAE S R A B AR ) ], BB game for power allocation in two—tier networks [J]. IEEE
7f<, 2014, 54(12): 1612-1616. Transactions on Vehicular Technology, 2016, 65 (4) : 2341-
(3] B8R, BRI, FhSL. A AHL/UCAV Zhi BA BB IR) 12 fi ke 55 4 i 2354.
IET). R TS 5508, 2016, 36(11): 2984-2992. [12] Zhu K, Hossain E, Anpalagan A. Downlink power control in
L4 ] BIEL. w55 1 I A B E gr AR R] ) B 58 (D ). two—tier cellular OFDMA networks under uncertainties: A
AR AR TR, 2017. robust  Stackelberg game [J]. IEEE Transactions on
[5] sbbisSc, BEBH . 5T Holon 21 ZUYA A/TC AHLAE LI W IE Communications, 2015, 63(2): 520-535.
W] RETRESHFHAR, 2018, 40(1): 91-97. [13] LiuZX, LiSY, Yang HJ, et al. Approach for power allocation
[o] Wi, 2R, Rk, 55 . 55F MDP B9A /IS AW BT b in two—tier femtocell networks based on robust non—cooperative
Yok A 17 RRIT ], ds 5, 2019, 26(2): 16-22. game [J]. IET Communications, 2017, 11(10):1549-1557.
[7] D4R, BEGEE . A NTCNDLYNEAT AU Re I [T ). 3 [14] BoR1E, B IAFJCE R T Stackelberg PR 14 534 20
HHEE S T, 2019, 36(7): 1090-1095. DAy ATk ], T 515 i, 2010, 32(12) : 2964~
[8 ] HhfEuk, JRar 4, BRIGE, 25 . A A/TCADLEMAVEARE R 55 2969.
TER GO AR ], s =48, 2019, 26(4) : 75-81. [15] AI-Tous H, Barhumi I. Joint power and bandwidth allocation for
[9] Rarse, whE, k5, & T AMAIERNE NI AL amplify—and—forward ~ cooperative ~ communications  using
BAIE AR i [J]. R4 TR S5 W FH AR, 2020, 42(2) Stackelberg game [J]. IEEE Transactions on Vehicular
434-444, Technology, 2013, 62(4): 1678-1691.
[10] Razaviyayn M, Morin Y, Luo Z Q. A Stackelberg gameapproach [16] Wang Y S, Wang X, Wang L. Low—complexity Stackelberg



54

I RIS - BE T Stackelberg R AT ML/ ICABLIR G B REHR I D Aol 30 ik 41

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

game approach for energy—efficient resource allocation in
heterogeneous networks [J]. IEEE Communications Letters,
2014, 18(11): 2011-2014.

RN, KM, TAI, % . 5T Stackelberg FEFR AU PME TR
ML) ] LSRR 72740, 2014, 37(5): 11-15.

Yin R, Zhong C J, Yu G D, et al. Joint spectrum and power
allocation for D2D communications underlaying cellalar networks
[J]. IEEE Transactions on Vehicular Technology, 2016, 65
(4):2182-2195.

ARAL, W I TICE N 45 T Stackelberg 2R By D)%
EIHRE T ] BIREOR, 2018, 58(4): 363-369.

E /Sy AR T i v e T A0 14 Ly 5 sl WL 1) g 0T 5
[D]. P EPHRHLR Y, 2017.

VT, BRI, RN T Stackelberg FEZF 1) M UL TC
LA IR 25 BT BRI (D ], L 7 545 B4, 2019, 41
(2): 377-384.

KT MG THLTTENED ] deat: Jeatilipd R
%%, 2019.

Song X F, Peter W, Zhou S L, et al. The MIMO radar and
jammer games [J]. IEEE Transactions on Signal Processing,
2014, 60(2): 687-699.

2R, BN, B, 45 HET Stackelberg MR 10 £ i A £
AR S 5 HAR TR L) ] HH3HLN T, 2015, 35(4):
1185-1189.

Lan X, Li W, Wang X L, et al. MIMO radarand target
Stackelberg game in the presence of clutter [J]. IEEE Sensors
Journal, 2015, 15(12): 6912-6920.

2R, B, 2, 5F L JHBOE R MIMO Rik-5 HAR SRR
PEALSRmE BT T (1 ). T3 LR T WESE, 2016, 33(7): 2102~
2105.

Schleher D C. LPI radar: fact or fiction [J]. IEEE Aerospace
and Electronic Systems Magazine, 2006, 21(5): 3-6.

Pace P E. Detecting and classifying low probability of intercept
radar[ M . Boston: Artech House, 2009.

Stove A G, Hume A L, Baker C J. Low probability of intercept
radar strategies [J]. IEE Proceedings of Radar, Sonar and
Navigation, 2004, 151(5): 249-260.

Lawrence D E. Low probability of intercept antenna array
beamforming [J]. IEEE Transactions on Antennas and
Propagation, 2010, 58(9): 2858-2865.

Zhang 7 K, Zhou J J, Wang F, et al. Multiple—target tracking
with adaptive sampling intervals for phased—array radar [J].
Journal of Systems Engineering and Electronics, 2011, 22(5) :
760-766.

Zhang 7 K, Salous S, Li H L, et al. Optimal coordination
method of opportunistic array radars for multi—target—tracking—
based radio frequency stealth in clutter [J]. Radio Science,

2015, 55(11): 1187-1196.

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Shi C G, Wang F, Zhou J J, et al. Security information factor
based low probability of identification in distributed multiple—
radar system [C]. IEEE International Conference on Acoustics,
Speech and Signal Processing (ICASSP) , Brisbane, Australia,
April 19-24, 2015.

Shi C G, Zhou J J, Wang F. LPI based resource management for
target tracking in distributed radar network [C]. IEEE Radar
Conference (RadarConf) , Philadelphia, PA, USA, May 2-6,
2016.

Zhang Z K, Tian Y B. A novel resource scheduling method of
netted radars based on Markov decision process during target
tracking in clutter[ ] ]. EURASIP Journal on Advances in Signal
Processing, 2016(1): 1-9.

Shi C G, Wang F, Sellathurai M, et al. Low probability of
intercept based multicarrier radar jamming power allocation for
joint radar and wireless communications systems [ J . IET Radar
Sonar Navigation, 2017, 11(5): 802-811.

Shi C G, Wang F, Sellathurai M, et al. Power minimization
based robust OFDM radar waveform design for radar and
communication systems in coexistence [J]. IEEE Transactions
on Signal Processing, 018, 66(5): 1316-1330.

BF O, JRRVL, VE &, S5 LA o 2 190 5 A0 e B B R
(M. b5t FEP7 Tk R, 2019: 12-45.

Shi C G, Wang F, Salous S, et al. Distributed powerallocation
for spectral coexisting multistatic radar and
communicationsystems based on Stackelberg game [C]. 44th
IEEE International Conferenceon Acoustics, Speech and Signal
Processing (ICASSP) , Brighton, United Kingdom, May 12—
17, 2019.

Shi C G, Qiu W, Wang F, et al. Stackelberg game—-theoretic
low probability of intercept performance optimization for

multistatic radar system [J]. Electronics, 2019, 8(4): 1-21.

VEH T

B Rt (1989-), 5, i+, mlEdz, 2
AR A KBS AR RS B R, A AHLITEA
HURS RIS ASCEINES .

T (1997-), B, HwF5 A, 18
WFFE 7 1) A 20 0 76 TR W TR A B

JEEL(1962-), F, Wi, %, R
FET I AR IS HAREEE T,  CHLSA R B 5
PN

~
b4



55355 4 ) T ANBRGHEAR Vol.3 No.4
2020 4F 7 H Unmanned Systems Technology July 2020
[5IM#ExR] R xz, 4%, T8 Z R ANEFEH AGEHE L& RARGEA, 2020, 3(4): 42-52.

ZEXANEEEH RRFILITSLEK

S L AN S AN AN S
(1. EPRHE B Rkl 2220, KU 410073; 2. IR B8 Ac Mg AR, Kb 410138)

i E: METLAWRGO RN, afE B AP 2R b 75 R A A3 T0 AMLIRAE 000 TAE 6 far A0
PRAEMERE AN K, M2 RECRAIFNRERAE . XTi, B MSEEl 7 —FhIt T 2R 48 B0 22 0 ABL I il
e, FH Tl BRAE 5L SE e o S, SR AHLMEAKCT- o 2R G0 T AR E GRS M 2 00 A LR
G RSP HIB AT, A TE AR B SRR I, HR PR I 4 ) iR BN TR, JR s
PEDUYATIE A R A5 RISl b, G &8 A W T-G M A R . IR 5E5E SR E,
FERARZ R ANUR A T bt . o)y Bl & B R G SCRIPPAREAE SURES, IFA ST 2 AL
PR, S AHL SR m) 25 JeA

KW TIMLRSGE; MBS B/E RS, PR IRG EahiEl; AN

FESES: V279 TERFRIRAD: A TERE: 2096-5915(2020)04-42-11

Design and Practice of Supervisory Control System for Multiple
Unmanned Aircraft Systems

WU Lizhen', NIU Yifeng', WANG Chang', FANF Bin’

(1. College of Intelligence Science and Technology, National University of Defense Technology, Changsha 410073, China;
2. Department of Traffic Administration and Engineering, Hunan Police Academy, Changsha 410138, China)

Abstract: With the large—scale application of unmanned aircraft system (UAS) , the requirements for massive
information processing and diversified control make the workload and operational difficulty of operators increasing, which
can easily lead to misjudgment and misoperation. Therefore, this paper designs and implements a multiple UAS
supervisory control system based on multi—modal interaction, which is used to assist the operator in completing decision
and control. The system consists of a state monitoring module for the UAS operator and a mixed initiative control module for
multiple unmanned aircraft systems. The former could complete the measurement of the real-time state of the operator, in
which a neural network learning algorithm is used to assessment the work state, and the decision level of human operator is
given. The latter further combines the autonomous capability of UAS, and the complexity of environment and mission to
realize different levels of mixed—initiative control. Finally, the hardware in the loop simulation experiment is completed.
The results show that the system can evaluate the operator status in real time, and implement supervisory control
effectively, laying the foundation for efficient human—robot cooperation.

Key words: Unmanned Aircraft System (UAS); Supervisory Control; Operator State Assessment; Decision Level;

Mixed=Initiative Control; Human—Robot Cooperation
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Study on Pre—preparation Control Logic and Simulation of
UCAYV Weapon

NIE Guangshu, WANG Yong, XING Chi, XIE Lei
(Aeronautics Engineering College, Air Force Engineering University, Xi ’an 710038, China)

Abstract: The UCAV must determine whether the launch or delivery conditions of the weapon is satisfied before
autonomous attack. In addition to the important judgment condition of whether the UCAV is in the attack area, the UCAV
autonomous attack decision—making system must also complete a lot of preparation before launching or launching weapons.
Aiming at the problem of weapon pre—preparation in UCAV autonomous attack, the model structure and control logic of
power supply unit and seeker target indication unit are given, and other pre—preparation control logic are briefly analyzed.
Finally, the simulation framework of weapon pre—preparation control logic is established. Through the analysis of command
control logic of each pre—preparation function simulation module, simulation experiment of weapon pre—preparation control
is designed. This simulation scheme can make up for the deficiency of launch control program of UCAV autonomous attack
decision—making system, and lay a foundation for the optimization of control program of autonomous attack decision—
making system.

Key words: UCAV Weapon; Autonomous Attack Decision—making; Pre—preparation; Control Logic; Electric

Power Supply Component; Target Indication Component of Seeker
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Fig. 1  The mode structure and control logic of electric power supply component
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Fig. 2 The mode structure and control logic of target indication component of seeker
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Fig. 3 The simulation framework of the pre—preparation control logic of the weapon
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Research on the Attack Strategy of Small Manned/Unmanned
Coordinated Special Mixed Formations on Ships

LI Bing', LIAO Zhiyuan', TENG Chuanfu’, CUI Jinlei'

(1. Sichuan Aerospace System Engineering Institute, Chengdu 610000, China;
2. 91040 Unit of the Chinese People’s Liberation Army, Qingdao 266231, China)

Abstract: With the rapid development of science and technology,, manned/unmanned coordinated combat can form
an organic combat system through complementary capabilities, which embodies huge asymmetric advantages, and plays an
increasingly obvious role in modern warfare. It will be an important feature of the next generation of warfare. Firstly, the
mission mode of manned/unmanned cooperative group for anti—ship combat is discussed, and accordingly the process of
using manned/unmanned group composed of manned aircraft, drones and anti—ship missiles to attack a basic fleet is
designed. Secondly, based on the methods of multi—agent modeling and Monte Carlo simulation, a simulation experiments
were carried out on the manned/unmanned group to the anti-fleet strike strategy, and the same method was used to
simulate the traditional anti—ship missile saturation attack. Finally, the results of the two simulation experiments are
compared. The results show that the manned/unmanned coordinated attack on the ship has a good strike effect compared to
the traditional saturation attack, which is specifically manifested in the high cost—effectiveness, and the higher probability
of completely paralyzing the opponent’s combat capability. The combat strategy proposed in this article provides an
important idea for future anti—ship operations.

Key words: Manned/Unmanned Coordinated; Combat Mode; Multi Agent; Coordinated Attack Strategy; Satura-
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Table 1  The enemy’s equipment and threat sources
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Fig. 1 A typical manned/unmanned coordinated combat mode



TNRGHEA . A AHUTABHFEEL L )

553 %

60
il
ap ANISPY 18 A A bt 1140
HMEA . .

Bl | |
oo | 2
N WEEERET, BEAERMERESER - AP T

N B | SRR RN |\ e
e \ |
K X o
g | — |
Jcl}J X

\ THEENG
\ai it s 1 85 km

%2

70 km

NN

TR R A T
i |
| I
P
- <R LN LEF
S | |
> - --;'_/_ViEF!"I'L:f--i _L L S "\‘%}":r'
— | —‘ R
! : ! 1NN
v
HF-ER B

50 km 30km  8km 3km

ZINHA PR 4 A A A

Fig. 2 The combat process of a small ship formation

LER TR B 25 R G , BT NTE N G
BAJIT 108 308 1)l A 2 P AR B S A - B R R IR R
BB R IR IRER BRI T T
o BRI S AT S AGE B R
# B TG el 5 AR MR 1 B e, T
KEE A N IC I R0 A ot 14 1 e 02 it 5 s
WE2 PR o W B S A 53 = AN
55— AT AALEE T B R SO S 3 55 R
SR TG B 143 A2 T S5, 35—k K IfT 32
& A 2 5 1% B AR o S R 5

(D HHE EFEIENLR A4, 75 O 21, B 2
B TR 2 BA 400 ke AL TR 5 7K 1T K 1 B0 K S
TR RS SO S 32, AR CHL PR R 3
U 5L BRSEEE AR AR v B U U AT, R A ANY
SPY-1 53k & BLAHER

(2) 75 H A5 350km Aif, 4 BAEA AN/SPY-1 35
TR AT RLCHRIN B B, RN R 35 SR BN, R i
BEUJEC 71 38 {55 AR AE

(3) 2 HAr 150km A, 2 BA IR A bR 1 11 5 33
PEECIE , s AT B C A AR 1 3o 28 MR KL
A R MRS R A T AR T BT AR
Te B

(4)7E 85 HAR 70km B, T AALEE B[R] B2 Al 5 54
AR SEAEA R I B AR B

(5) 75 H bR S0km B, 25 BAIE A TR R 28 S 3304
I, o ASLURE PG RN, IR T BE BT

(6) JC ANHLREHE 377 s AR 5 Bt 1) 5O AR 5 <, %
5V RAE L K R AT REIN H BT 7 B
Bl B & /N 2 Hl

(7) B A SO 3 A I A ShAIL, SRR Bl e
HEHEAARMN T, A/ 2 G SR B [ o) R TR 2 A
N JZ B A X A T R

(8) TE AMLXHT R A TIFAG I L4

(O MRIGIT A Dl s 5 A3 —Fe 1T

4 ANEANBRERXMMBERE

PhESCE
HFA AT AP EXHIR S & — MR R S5 ik
FOPUAAE R T A8, 1 288 [ 0 R FH 2 4 P R AR
HEATO5 EFIE o 245 PR AR AR R 420 FH g 2
AN P I 2 B 1 22 UL BE 48 AR A T4 R 1
FCPPAR () — RAR TR X IR Y 32 47 401 EA T
TREMFE L, 20 T e R, R &1
IBATEER 18 TR R AL

AR SR JH 22 L FE AR Agent B EMAH AR X
SR TR R SR SCE BE AT T E . Agent B
REVRI FHAT BROR S AU RSB, A7 FRAR AS HLAR IR )
BIF K 3 PR o AR B F AR E 4 57K
R T HER SN AR SIS R RICR R S R Ig kit
13 2R EIFBCE R RS E SR A TS 0T
4.1.1  FIRBUT A TERRIL A

X FAE R 05 B, SE 90 i e i A CIE B B
FHESAE B BURYE Rl REfERf A —1F 35
VEBE AT ELSZ 06 A 2515 8., O Z00F) FH BT 26 4 AL
b A5 BRSBTS B, DLIA E
WERPPAE R SR EE R0 B i TR R VR A
B HLE T, R B A SR AS H B
BV DR S B 25 R B L AU RA )

4.1



54

2

4.

UNEEPNE NI TESR L N G i U0

61

dEEHLEY

fia] 42 %

| lm 411@

RT3 A 7
LT

o freh
4 W
. H

il

B

|

HRHRER

b7 et 8 Wi

i e

T avngee «m/

K3 S A BRAR S U R

Fig. 3 The finite state machine model of anti-ship missiles
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Table 2 The ship models
FFR R RIS AR/ ((0) s ERFIRAYE  AME2 TR AR A WEES DS gy
[SFSIR R 31 5 ARG 2 96 40 AN/SPY-1D  AMDR-S
PERRTES 33 3 A2 122 88 AN/SPY-1D  AMDR-S
ZEAFMAL 31 5 — — — — —
#3 HIAEA
Table 3 The radar models
e KA Te/ N KRB RS N /MG s T 4 . e/ MFEI s
uN o o B AR B BT ARG e N
i Bk B /km ZRAbRE R R O R
AN/SPY-1D 350 0.5 0.1 1 BH S 10 km, {7 FiR2E 10° 10
AMDR-S 185 0.5 0.5 1 BFES 10 km, {7 F %22 10° 1




62 TNRGHA : A AT WUIFEVERR ST EORE

R4 LR

Table 4 The ammunition models

H FEBIRHMa IRFHE  Ma I/ N km I KR /km R SRR
MRS 25 — 1 2223 0.9 40
FRELL 4 — 15 185 0.75 40
AR5 22 0.8 10 400 0.55 10
MV S - i — 0.9 10 180 0.7 10
IS ZS T S5 1.4 — 1 15 0.95 10
55 B g, AR RN FE R IR B S g v, s AR ke
£ 51 . . s o .
RS CHRE SR T R T IR M R T
Table 5 The airple dels N N &
e RO (B S000 B e —
/N Hy g SSPNET Y e ] i Bl
o : 5 1N 22 Fin 3 GO EL S
A 2000 m = & 2000 m = & 2000 m =% IR AN 25, 10000 HYTEIA 7 e i B — B
AL 035 1.6 316 M.
TN 04 0.89 —3~+6 LI AR SR G A RN T F A S Ty
;
5 = 6
: N |l
= S
B
: ‘
N 1 O AT
0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200
(UK 1= TS
15 25
3
T e
& b=
= #
i =
= >
5 5
f.:;‘,}

200 400 600 800 1000 1200 0 200 400 600 800 1000 1200
(e [t

n

A B H

0.5

0 200 400 600 800 1000 1200
he4ws

K5 A NTCNDMREE TS0 RI% A L7 5 BAE A

Fig. 5 The red party’s simulation results of the manned/unmanned coordinated attack based on the Monte Carlo method
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Fig. 6 The blue party’s simulation results of the Manned—Unmanned coordinated attack based on the Monte Carlo method
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Architecture of Decision System for Manned/Unmanned Aerial Vehicle
Formation Cooperative Combat

WANG Xinyao', SUN Houjun’, WANG Zhaoyang', CAO Yunfeng'

(1. College of Astronautics, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;

2. Luoyang Institute of Electro—optic Equipment, Luoyang 471000, China)

Abstract: Aiming at the problem of architecture design of manned/unmanned aerial vehicle formation collaborative
operation decision system, an architecture design research was carried out considering both the state change of manned
and unmanned aerial vehicle command operator and the influence of different degree of dependence of heterogeneous
unmanned aerial vehicle on manned and unmanned aerial vehicle on decision—making system. Firstly, the architecture of
manned/unmanned aerial vehicle formation system and its requirement for decision system are analyzed. Secondly, the
decision—making system architecture of manned/unmanned aerial vehicle formation collaborative operation is designed
based on the three—mode cognitive automation method. The architecture consists of three decision bodies: operator,
intelligent decision system with man—machine onboard and intelligent decision system of UAV (Unmanned Aerial
Vehicles). The interaction mechanism of the three decision bodies can provide redundant function of task management for
UAYV, thus improving the robustness of the system. Finally, the effectiveness of the system architecture is verified through
dynamic simulation. The experiment shows that the decision system architecture is logical and can adapt to the decision—
making requirements of UAV in different situations.

Key words: Decision System; Manned/Unmanned Aerial Vehicle Formation; System Architecture; Cooperative

Combat; Task Management
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UCAY Escape Maneuver Decision Based on Maneuver Library

TAN Mulai, ZHU Wenqiang, LIU Yuanfei

(Aeronautics Engineering College, Air Force Engineering University, Xi’an 710038, China)

Abstract: The air combat pursuit subject is an important project of the air combat BFM training simulator. It analyzes
the situation that the aircraft gun is used as the airborne weapon and the UCAV is in an escape situation, and the UCAV
escape maneuver decision method based on the maneuver library is proposed. First, the basic maneuver library is
analyzed, and five maneuvers are also proposed and the control rate is given; secondly, the situation function is
established to calculate the air combat situation, and the rolling time domain optimization strategy is adopted to make the
maneuver decision, and the solution framework and improved based The criterion for the termination condition of the
artillery display trace; finally, the air combat in the typical situation of being pursued by the enemy was simulated and
verified. The simulation results show that the proposed escape decision method can enable UCAV to quickly realize
maneuver selection in different battlefield situations, effectively reduce the probability of being hit by the enemy and
improve the survivability of UCAV.

Key words: UAV; Maneuver Library; Situation Function; Trajectory Tracking Control; Escape Maneuver Deci-

sion; Rolling Horizon Strategy
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Abstract: On May 2020 Boeing Australia launched the first Airpower Teaming System (ATS) that will coordinated
operations with manned vehicle. It is a step closer to the realization of autonomous wingmen. Firstly, the basic concept of
manned/unmanned aerial vehicle cooperative operations was described, and the potential operational missions that can be
realized by manned/unmanned aerial vehicle cooperative operations were summarized. Secondly, the development of
manned/unmanned aerial vehicle collaborative operations in foreign countries were systematically carried out systematic
analysis and research, focusing on the typical loyal wingman in USA, Australia and Canada, and related technical support
projects such as the Air Combat Evolution project, the skyborg project, ete. Finally, three understandings were obtained.
First, the practical application of UAV as a wingman were promoting; second, manned—unmanned collaborative
operations was being explored for air—to—air combat; third, manned—unmanned collaborative operations technology
focused on autonomy, low—cost and scalability. Relevant research provided reference for the development of manned—
unmanned collaborative operations in China in the future.
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Fig. 5 Schematic diagram of Air Combat Evalution
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Table 2 Basic Information of Air Combat Evalution
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Analysis on Concept of Intelligent Cooperative Combat of
Manned/Unmanned Aerial Vehicle Evolving from the
Combat Concept of American

ZHANG Xudongl , WU Lirongl , XIAO Heye*, HAO Mingyue3, YIN Hangl
(1. Air Force Academy, Beijing 100085, China; 2. Northwestern Polytechnical University, Xi’an 710072, China;
3. Hiwing aviation general equipment co. Ltd, Beijing 100074, China)

Abstract: With the developing of Unmanned Aerial Vehicle (UAV) capability due to clustering, intelligent and
cooperative technology, the intelligent cooperative combat of Manned/Unmanned Aerial Vehicle is becoming one of a major
mode of modern combat, which driving UAV to be a kind of main combat equipment. Based on the concept of American
distributed operations, such as mosaic warfare, loyal wingman, drone swarms and other hot spots, the analyzes of the
internal relationship between intelligent cooperative combat of Manned/Unmanned Aerial Vehicle and these hot spots
combat concepts is done in the paper. Combined with several hot projects of the US military, the key technology system of
intelligent cooperative combat of Manned/Unmanned Aerial Vehicle is proposed. Then, the essence of the concept is
analyzed. SWOT analysis of the concept is carried out to further clarify influences from the development of the concept,
which include strength, weakness, opportunity and threat, expecting to provide a reference for the combat concept and
operation relative to the intelligent cooperative combat of Manned/Unmanned Aerial Vehicle.

Key words: UAV; Cooperative Combat; Combat Concept; Distributed Operations; Mosaic Warfare; Loyal Wing-
man; SWOT Analysis.

AKX B 11 BE T B9 AN s, 5 25 S 20 i
AR IR ZE S T e A S T B B B
WA RS S AN R L U RS SRR ROR A BE R R L . X AR

1 35

[l

Yk H491:2020-05-12; &[] H #1:2020-06-23



92 TENRGHA : AAHVTEAHEEERE T

553 %

S MRS BB AR S8 N, SER AT T 2 3iAE
1 SR SO DI HIL JCANLEERE R 2%
HG A — R PR S, B B e — 2 R
JE bR 7 RN GE B R K o

T AHUE 531 0 BOR B FTI , JE AR e g
BT T, R N TR RE AR B BRI A 7R 3K
Ko BEHE T ADLIE FIESZET R, AT RT3 A
SCR I TR e BE AR TSR . C AHLEERE L
AL A ABLIC AL BE 3 R4 i 25 M & 2
TETCIHLBARE AR L S B —RE K Jm MR S R
R, 3 Hh A AL D A B St is B s T
I, BT & A2 5 1 3 JC A LI AR R REAL B
R ANWT A IR , TS JC AL J2 ke i it o

2 EEBXASIERBSHEN

2.1 SRR

TG AFA AR OB VR SO &, 2 I 58
S 2 R FE By 10 T2 A OME A& v B B Sl b ]
o, 5 R IR R Z R4 O R
45 2 2250 (System of System , SoS)FJLL“ /3 A AE K"
NG RFAE, 25 A [R] 1 AR 2 I 25 AN
AL SR E D AR, PR P R R AR D R
A T LSS B AR A A R o B LR s e
#ria L BB HLEE R DI RE S Y
TENIE R IR R ©AT B O B
DL BRI R AL RIS

LRG3 A XA A B9 7 RE A& A 8 4 T
VI A AHLIC AP BE B R AR A 25 2 o
oA AR B Z A A o AR SBIRELAE
o3 A AR R R ZE R A O, B 2 i T A
A AR A AR, A A AL/IE A BILE E R ) £
HTHOR, SEEMIE RSB WA X
B, A AT AR T LR R Z A A
BLIE AL BE R R f i i et oA 2CHE A B
L3I
2.2 LW

Th % e e S [ [ B WS e At 5 4l 5 (DARPA)
B H A T HOR PR S S , PR B — Bl R AR AR
e et s, HLUME 55 5e o A s, LIESE
VRERBAIC A, & KRR RIS &
A E LA, ST 55 T-Besh S 248 1R 1

il SR PP S R R R G E ] R S R S
25 £ A R AVG B T 3 FE AR IR BE PRI B
o BEREINER B B (OODA) JE I, thfd X F
OODA FRFE A FRME , HE il BSR4 HAk B
TSI A3 A B L BRAE A T O e F A
BT 4340 2URHE

DI R RGN AR M
Lo A KON IE B R G AR A M S Al | % ke
K1), B S 43 A 2O RRAE A R S B 42, o nl il
A HA AR AR = A B B RS . A
AMLTE AL e PR [ 5 TR 2 o 8 e R S B Y
WELEAT A ABLRTE AALVE A D 38 52 9 R 0
Fi IR T 3% o7 AR AR IR AT 55 7o 30 25 52 005 2 AR A
F PRI RLAE AL
2.3 IR

SR AL A N IR AR C LS TE AR )
BUE K PG, sk U RIVE SR . 7 Bk &%
iz F b VR R BEHLAY JC ANLEAT LR H 3. vl LAHE
LIS, ME R ENLTE A AHL B2 2 5 ]
DAHER AL IR , ME AR IR CHL A AWLEY PRI 4T
dr Bt H AR 48 7R A 5| 5 A ARG H - ST, 1R
H LT AR WU ANURE 88 HiE
W &, HAE R A e T B A, T
PL—ZE KL T 228N R D RE BEHL DRI K o

AL, I B ALE T AMLIE APLE RE P
R EEls , R IHRIE N — WA & shas
REPE, AT LA R LR R SR A e K. B
SRR A A 0 & R, 3 B BRGSO
AR TA NHUTC AN BETH RIS A & R
2.4 TEAMLERE

TC ML RS R /N T AL, DL E 4805 B
D 2 kg FEA , AR R S A% Ol 3 o T ML
S FURE A RE T IR, 2 390 Mk 72 1) S 735 ) 1 7 1
KR, MR —FE S T ALIE B HAERIE R
FEERE ARBLAS B 2 | 6T BT 2 R R
il (0 PRI . W TSR IR 22 /N (B Y i LA I B
FeAR e DL /N TE AALN T R TE AL,
HAFRB e ME, v LU AN LERZ 8

Bl /KGR NS BT AR D4R, B
PUEERFE R R N =5, TC AP RF AU
JEAE MR B, e 2 A 8] T 40 A U D



54

TRIBZRAE - S A SO &t 2 A B IE AU BEDM I A e b 93

TEOAA NPT AP GEVR RIS . N ItL, A
AHUTAHUE BEP IR S B A2 AP — 2L
o LZRIC ML T H R, A0 B ] A2 — 2
WERZ A NS T ANER T 25 2 H
PRI BRI

3 BAWUEANE et BIEET

3.1 PYEEREESENT

PN R % A AE A T AS B A, A BT e 25
IRFBNEE, I 1+152 FOVEER S S . A AHLG
INAHLYMAE S AE A — B iR, 72 T8 ALK S 5]
— BB 2z B, 38 B AT SR 2 g (]
GFBL, A AN T ANLE BT BLAE A B e 7
B, X B bR St P MR W K AT A

A AHTE AN BEPMRIVE R X T DAEAE AR
RETEBE R A AR T — S8 FAL & 8 Be 4l B b o
FR A3 A A AT BRE AR, Fl B AT B bk o, IR
i RN A PSS A AN TE ANLAE N B R 58
PR A A R TR TG R G A
MBS E A, L T/ AWLS T AN BB EE,
HEHIE TIREHRLSE; = s A A TS
PR A, i JC ML SRR E S RE M K dR
Tt 980 TE BT T N AR R ; DU 2 T e G
IHFE G HA Rl Eis AR AR B A, & i
E 5 NHYRVESR T INE-G . @i B
T et FARZ L, #G A DS TE AN B B
i L ARERE, HEAR P AT 55 M i PR B R
T AL F R AR SR A 2R AT shi ) AR TR R AL
AE, N3 OODA JEER , AT I AR A3
3.2 ERERMEN

YERR 2z 25 oo % 5 38 ve 61 AR HL LT
AL 25 HLAT A BT IV e 2, (R B 7
AN A, s AR 2 B P[] R T, 4% b 1 ik Mk
SERIARZ R AR RS X R R T E%E
SIS A B3 S i A T 22 W TUZ AR A&, A
BN ENSP S G L NN GV A A ¥ <)
VESHE S T2 2251 48 T R G AR RN I X
FETT 1] 5 IEAE AR A AR PR B 2 (B A
L, oA 2N 0 1 AR TR TR R B
JIE MY R AL SRR, DR T A T
AR BE S LI A E SR R, )8 THABE

YERE R /IR R RS R TR 5B
YR O EE T4 BF S B S BRSO T & . X
SR MEETE L T e o3 TAH T X 4y E A%
Al AR S| S AE APLIE AN GEY FEIFE
SRR R

7 26 T AR SR A AR A AHLITE AL
BReh VRS EUE 1R A s 28 AL
FERERRPM BT, TEATZ M~ —E5
JE2 T HS RN — R AR, %
HER T SIS A AR L HEEAT T — R 5150
Ho iXeemi B4 4G TR N %&EE  Ra R
U RE A E A TR oA A
0% EHBE v KRR AL I ML LA S 23R K
FATHEARBER M L. BRI AT .

A3 A AR R A HL(DBM) | B 73 2 i 5002 At B
PR, U CAT AR A Z BRI A AR T,
A BETC AL SRR TR, FRE AR . HOC s,
AR BB A A SERME 5545 B L A 20U Uk
N i

i 1 PR EE A PR R SR (CODE) , JF & B F B
IR B AR 3 TE AALAE R X LR B i A =
PR RIVE GG RE J1 . HOCHER AR 245 A £
[ AR TEHGEAR R AR S

KRR LA H AR 5925 (SoSITE ) , W78 il A
RN B T 6o A 20 SR AT R S8
A LLE ORI HT B . HOCHE R 325
TR R A AR

F 38 W A5 (ACK) | FE ST 3345 W0 114 4248 7 8
FIAHOC T AR | it Sh 38 5 ik b I & IR AR oK wh o
SR ), L OCAR G R 32 B0 5 45 #5453
L2111 B 7 N A8 238 5 NI D W T 5 2 N

XSTPUIREE A S (C2E) , & AR T bt T
€/ BIITK (=50 NI KN [ 42 NS BTIR =iy L0 S =
KHEH AR B ML EHA

FHFAE S AL 30 25 M 4% (DyNAMO) , 3138 A
[] I 26 22 () 38 15, O 76 TR RBE T R % O b5

Fo HOCHEH AR FE ML ER A,

LA (XQ-58A) , AT Ry L L 5 A A AL
PREAESE, T AR AN . HOCHEH AR E 2
FEACRA BTSN T AL H AR

K214 (Skyborg) , T & TE AP REZS iR &R



94 TENRGHA : AAHVTEAHEEERE T

553 %

ge, i IR T i A T A ML, HOGHEROAR 32 22
NIEAHUERE A EHAR,

/IMiER (Gremlins ) , AFHIRERS DRI G T V156  HL T
RS RIC NS HOCHEROR SR RAA
BOEEAENBITC ARG HAR ZS BRI AR

A NHUIE AU BE I [R] A R ) S B AR A 2
FEAIL, M BRSSO R R BA 2
3, A IR st H A R BT REL L E AR
SO A HE AR R . WS R A AL
AHUEREVM R A AR G R

(DEIRRGNR R TREINE S 227 @A |
SRR R S BOTHEOAR

AL TT AT A RO X S 2 R GEEA T
PCEAE, AN T A8 G 5 2 R M kBT O 12, 78
IR R G R TR T W I S TR IO R
RE M RE 3 70 B AT 25445 4 B0 i AR ELARE A
JE BB T NG — W R Geid , i — 2P g
— SRR RGBT SO ARG, il LMRAS |
R BN A Al NI R R GL v Ok, A
RYEHA SN PERIBE T o %07 1) R AR
S ANHUIE AP BE U [F) 1 ) e 5 et 2%
i, 4R R AR S R B R R B AL B AR
TR TR BEAL B RV R B, (2 G rY 7 1184 0L 32
Rt P A 53 25 B 70

(2) 43 A1 A S A R i ds il He AR

A NHLIC AP BE B3 IRV I 2550 1 560K Y
PR BIS FE B i PO SR X A R A5 55
fifp R RESH Bh DS PR 55 BRI | e AL A B A
TR A NPT ANUE BEPMRAE SR AF T, S8
17 B S SRR O TR B AR R Bk AP e
Moy 32 Z PPk P Ml BREE R, w5 BAR R T 1
TSRS NI KR E 5, TR T R A A 1Y
Z Al BV A AR ST BT U R 55 MK 255
JE S TR SEIR B Al M AR RE 24T 55 Z Ta] i i
A EE B REAL B TR B WO B 22 30T 7 B A DR
PR SR GYNG Y A #7112 s SV RS €7
I PRES HAA, T g P ) N 5 s i B K
17 B S A5 AR O AT R 1, Al 5 32 FRARAF
TIRERERRE S

Q) IF R T A TR

TEEIA A AT RE TR B —E R e , %

A LB LR AR U2 Z AT, RR A RE TR
Z WP BRAE “ B (4 7 T, Ao A 1y sl e AR T
TR GEAA B ARG R ARAA T S RE ST $E T 2t
AR O ERSURI R 55, AT A AL
50 NS I B L ARAE N W
AR A AR BRI O BEE S B , a0 ] i — P S B I
AES R PUE AR T

(4) PRl 2SR AE A

SE AR BT 55 (9 AR AP X i 37 A5 4 A A
A HE A RS B A A HLIE AL RE B R A R
0L F B S5k B 2 Ak 2 Ak Bk
PERYRR o TR, A5 AHL/IE AL O3 [ VR A B i
T XIS P T, S ECR XOT AR A5 T T
B FBOSPURE 7 A B AR -5 R R e S,
TAH AU R, 5 2B I oA
APBFEERI | 220505 RS R RE H AR AR
PORSE— R I i B AR EOS A8 68 1 9 5¢
FREOR = 38 A ABIL/IC AL BRI e SR 0 7
TERETTHRTL , MR B I AR S M B ik 2

(5) M2 HAR

0 28 38 5 B A2 AT AHLITE AR BE D[R4 £
SEBLA LR A AL IC DL R 1 R T, 7 2
JO7F % ST A 4T B, 8 1 T AR G £ 4 A
2% MK 3 B8 7, T N TR/ A TR T A R 2% ) R R
Hay o BEOR ML AR Rk A R L

(6) i A L5 MhFEFE A

TEA ANPUTC AP BE P R/ RER ST T, 3Z R
TG o O E AR IRAE R 2 R
X A2 2% 137 B SR AR E AR RE TR B AE 1 1 I 5 2k
0 AR PN B A B — AR AT A T A
I AN BLSEIY , I TUAN EBi i JC AL IC AL A
([ EBE ) A R PRI RE ™ X A SR
F8 AR A L 15 0 S DB A B e A6 o 45 X S )
DI E]RAT B 2 A TR A AL 1 22 TR A5 R 4%
LT A REPM AR PRI, B B X B &
AEJ SRS GRR REDLIRE, LUKl — 2 iAT2h ik
HAG R A B PR AT S5 e AR A
B @ AR5 B AR AT AR BRI

(DIEAHF-GHA

A NPIUTCAHL B R A AR T, B0 —fiE
T3 BRI BN AT 3 RSP 15 A R A LR



54

TRIBZRAE - S A SO &t 2 A B IE AU BEDM I A e b 95

IR B, 13E N AL BRI A A, B T AR SE R0 0
MNHLF- G BARS, 38 R BT HOR il 2k
HAR TN [0 5oF- 5 Z I RE R AL B LAY
F IV G T 1) A KRG 2 il A AR 15 1
Wi 373 P ) T 5 22— o

4 KEE AL ANVLE GEHE1E R BE K
SWOT ##f

i 3 XA LTS L BE P R AR RO
(Strength) | 45 % (Weakness ) . #L i (Opportunity ) F1
B (Threat) #E4T SWOT 4341 AHFH>, it — 20 %F
LSRR e HEAT BT o
4.1

(DS TNz H 22

A NHUTE AN RE B FIAE B 1T JC ABLAY
T GENE e, I AL AL & 1w DI [ 4 A e
A8 AR E N2

(2) i Te A PRI AAE 14 22

BB G Y b T 5 P R L (A LS TEAPLRY
SHEN I A AP TE AP TR b T
HRI PR, T AL IR RS R

(3) KA EAMEH]

Feor A TE AB LB R | rTIHFESE A B
PN BRI, EL AN AR VR B S
4.2 FHH

(1) R G52 250 RN T IR HE , LA KA 5 M5
M) 2 J

XA AT APV GE U R S 2 251
AT A A EVE, B RE A REOR LR WA
TEANT R 1, AH L A A BE VA X B B, 45 D3
[FIVE S A R AT R A E M R, TR
PR AN E P52 00 BE DRI A

(2) RERHARTERIMERE

ZA KRR POCHE AR, HAE ) EAE.
il 247, 3 RE R ik = ) K AR, 38 A0 S Al O
PR UM RIVE R RE 1 & B 5 T
4.3 LA

(D) ABLA Rt o BN FER

A NHUTEADLE RE B R4 S 7E T ABL AR
KPR KRR B — AR IR, 2 F A ATA
I IC AMLIz FH A AR B BT SR O 1o o [R) A, Gl

JE AT AR L B8 SE AR T 4R AR A B
i, K R R 5 A

(2) HEEAR H B A S

N TR BEEA M2 FHAR S H AT R
PR FRGEBOAR , A e oK am A, R K etV , 457
REP R/ g SE BRI T R A O HOR K SR 3R 5 Al
R %
4.4 B

A AHUICAHLE BE BRI A SR 06 24, fERS
AR SR, LU RE BRI 23 SR 1], 56 75 F-22/F -
35 5 B L BRI 25 AT LA — 2 RS T R
H I WE G T BT 2R G XSS, A Tr
il 23 A R SRR R B o TR, 1o B HE S R RE P
IR A

5 HRiE

MIEZETEAE R R 73 A A0 ES TR S i SE
PR RS 08T , A5 AHLIC AN RE R IF)
VRS E 2, BR S e T IR ABLE BEAL (M R4
JET5 T}, RN T B —

A NPT DL GE O R R CARE I R & i
R RN, AR SGE S AL W B B
ARBIIE T L HARAEAE v A Jie v A R SR AR Y
FEM Y AT AEAR S T7 4R T HARSRE ST o B2 AT LA
Ui, B REPMRIAE A B 2 AR AR, T2 BLAE L 2T IH
X B ORE EC, FERER R RE B HRARE ) A 258
PETT, WhZBUS AT S5y, fie it L RE 7 k5

£ % Xk

(1] RER, & . AT NI 2R 4 i L[], 6
fIL 3, 2019, 49(12): 78-81.

[ 2] SarkesainJ F, O'Brien T W. A framework for achieving dynamic
cyber effects through distributed cyber command and control/
battle management (C—-2/BM) [J]. Modeling and Simulation
Support for System of Systems Engineering Applications, 2015,
20: 531-564,

[3] Lummus R. Mission battle management system fighter
engagement manager concept [ C]. Proceedings of Symposium
and Exposition Conference on AIAA International Air and
Space, Ohio, USA, July 14-17, 2003.

[4] Loe R, Maracchion C, Drozd A. Semi—autonomous management
of multiple ad—hoc teams of UAVs[C]. 2015 IEEE Symposium
on Computational Intelligence for Security and Applications,

New York, USA, May 26-28, 2015.



96 TNRGHA : H AT AN ELES LT %35
[5] HEHUHF, FIR0ER, JEW, 2 B B2 AR R N e A HMRVERR & REWT]. ARG, 2018, 1(1): 39-47.

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

JEBUR S OGHEEOR [T ] St 55, 2019, 18(1): 10-18.
Zhen 7 Y, Zhu P, Xue Y X, et al. Distributed intelligent self-
organized mission planning of multi—-UAV for dynamic targets
cooperative search—attack [J]. Chinese Journal of Aeronautics,
2019, 32(12): 2706-2716,

Li A, Wu Q Q, Zhang R. UAV=-enabled cooperative jamming
for improving secrecy of ground wiretap channel [J]. IEEE
Wireless Communications Letters, 2019, 8(1): 181-183.
R, BE, R, L SRR T A EEEEMRE
TR IERGELI ] R S54R, 2018, 39(1): 16-21.
Palacios E S, Smith H. Impact of mission requirements on the
design of low observable UCAV configurations [J]. Aircraft
Engineering and Aerospace Technology, 2019, 91(10) : 1295—
1307.

Sepulveda E., Smith H, Sziroczak D. Multidisciplinary analysis
of subsonic stealth unmanned combat aerial vehicles [J]. CEAS
Aeronautical Journal, 2018, 10(2): 431-442.

e, Ed, BRSNS & R X Ak
WAL L) ] ARG IR, 2019, 40(1): 37-41.

Bai G H, Li Y J, Fang Y N, et al. Network approach for
UAV
communication limits [J]. Reliability Engineering & System
Safety, 2020, 193: 106602.

Xing D J, Zhen Z' Y, Gong H J. Offense—defense confrontation

decision making for dynamic UAV swarm versus UAV swarm

resilience evaluation of a swarm by considering

[Jl. Proceeding of The Institution of Mechanical Engineers Part
G—Journal of Aerospace Engineering, 2019, 233 (15) : 5689-
5702.

Qiu H X, Wei C, Dou R, et al. Fully autonomous flying: from
collective motion in bird flocks to unmanned aerial vehicle
autonomous swarms[ J . Sei China, 2015, 58: 128201.

2, I, 3. 928 CODE T H it 73 A =CHp R 4 i &
JEL]]. EAFRGEHAR, 2018, 1(3): 59-66.

ARSI, B, L. SoSITE 4551 F 4k 3 36 7231 228 A
AHVAIET]. CATTHE, 2016, 46(9): 65-70.

SR, T SC. BT IR ) B TR RRIUR R R 5
(I fesgdtl 5 i #, 2018, 40(2): 1-7.

N2 S N S DN SN 1 NI R (o €5 N R R EF <
REHHA, 2017, 8(6): 33-41.

Zhong Y, Yao P'Y, Wan L J, et al. Intervention decision—
making in MAV/UAV cooperative engagement based on human
factors engineering [J]. Journal of Systems Engineering and
Electronics, 2018, 29(3): 530-538.

Zhong Y, Yao P Y, Sun Y, et al. Research on command and
of MAV/UAV

perspective [C]. 2016 International Conference on Information

control engagement from the cooperative
System and Artificial Intelligence, Hong Kong, China, June
24-26, 2016.

B, BEhE . AT TE AN R ST S AR 43 A
(1], EpiRHE, 2017, 38(6): 57-59.

A0, BREE . AT ABUTEADLIR S G BRI R/ S 5
[T ] AURAE, 2017, 35(3): 90-96.

B, 2408 A ABUTEANLINFIAE ST IR B R

PSS

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Zhao Y Y, Wang X K, Wang C, et al. Systemic design of
distributed multi—-UAV cooperative decision—making for multi—
target tracking [J]. Autonomous Agents and Multi-Agent
Systems, 2019, 33(1-2): 132-158.

Xu, J,
cooperative decision—making center of multi—-UAV system based
Proceedings of 2018 IEEE 3rd
Advanced Information Technology, Electronic and Automation
Control Conference, Chongqing, China, October 12-14, 2018.

Causa I, Vetrella A R, Fasano G, et al. Multi-UAV formation

geometries for cooperative navigation in GNSS-challenging

Guo Q, Li Z X. Dynamic selection method for

on cloud trust model [C].

environments [ C . IEEE-ION Position Location and Navigation
Symposium, Monterey, USA, April 23-26, 2018.

Sivaneri V 0. Gross ] N. UGV-to—UAV cooperative ranging for
robust navigation in GNSS—challenged environments [1].
Aerospace Science and Technology, 2017, 71: 245-255.
TR . AR A O B RE AL G AR DFTE [T ], s Je s
2019, 26(1): 11-19.

AR AT SWOT I S5 BT 7 i AE B B O e iy g S L ). 2
REZHF, 2017(8): 74-75.

Makhdoom I H, Yin Q
under imperfect communication [J]. Aircraft Engineering and
Aerospace Technology, 2012, 84(1): 37-50.

Sun X F, Derrick W K N, Ding Z G, et al. Physical layer

challenges and opportunities [J].

S. Simultaneous arrival of multiple UAVs

security in UAV systems:
IEEE Wireless communications, 2019, 26(5): 40-47.
Zhao J] W, Gao F F, Ding G R,
communications and control for UAV systems: opportunities and

challenges| ] |. IEEE ACCESS, 2018, 6: 67519-67527.

et al. Integrating

FKIE 4R (1981-), B, i1, BhFRFSY 61,
e AL WA N =X N N Y S ke
S5,

RMH(1977-), B, Fit, &L, R
X718 R IC AL T A

M NI (1985-), B, f#-1-, ﬁJﬁﬁ%ﬁ,J‘r_
FFFE T ) AT AR BRI B R f ik
T R | B EA T

HEI A (1984-), o, fit:, THIH, F5
- WS A T AL A

Fopi1986-), B, A, TR, F
N PSR RE - =N N e T8




(BARGRA) BFH2HFTEMAM IEAGRAEAES, ItRBERERWRFAED, FELTARS
FUER (F) . PEIEESENFREARRELIERR, AILTIAFEARGARMRHRP O, BT
WAFFEARGHAFRRESIHDFEARIBH, WRREHOTARSZARARTARNERFE. FATLALL *
REDTEAEGHICSHACFH RN T FE 915,

® YEAHE

BHEASTLUSR, FRICN, BARS. TRIFNHIREIFAERNAE, | ZRELTATHRSE. LA
HAES, TAKENKTES. Sl ASFARIGHNEICHRAR. AR, FARNBENENE. 28
BEARSGFERA, BaEHEAR, EEEALMATERE, WE, ERSESEAETARTRAIFALH.
Ei, LEETARZEERA. hERAR. BREEERAR, HETARRCERESBARSENXES,

¢ BRAL .
BIIHETERIR AR GTIRS, M. http://umistcbpt.onkinet/, SREHEHEZR TARGHRA .
& BREKR

L ATiERBHFENEETFEM=RENER), HESEE TRHNRE/ TEEN, WEhtREN
TS |, iAok E N ARIEIETE; FiEMNEIERIRIZEM; S5t/ SRS EEMIEERE.

2RISR TR R ETE, TS SRE S el R L R eSS At
T 7254 (555 4 S8 (EARGHA) HIEEE, #645 100074, EBE- 010-68191488,

¢® 5{FEX

LRBNEHPRIGER. PRVFEE (REARREN. SFNdR5E. HRARIERE LS EREDE
CIFFMARREGIE, PRIEEX N, BIHRE 250 1 EEAn) - X\ (5 ~ 81 . FISMRBRENER,
3 Mz USRI N SMEITEERUSHIHE | LARBAA S BNERE N AR = FTL.

2. BB EERNE. SNFHEBLBEANE, TiE, ETFAFHOUSSEMRIIBE. B, *
R oS ERR, 3R, :

3. 2EVES I FAREE RN, X8, SENEEEET NELN; FEXTIRASIE: MELROTF 2058
B, ARTRENEH—RTESIA. :

RRHEEMEEENT,. AERE wa. HEF. il FAL. BRER. fAxToa. BRE,

& T |
STMERER. TRk, B ERE, BRES SRR, ({5 R R,




Fr AFRERIXTN

2018 F €1

5

S 12

FRE HRER kA

v

7 I

BEE BEIPE K A BEE IR

B IR =

oy

IRE R BE G#HE
(B ERR)

FF Bk

R

i

s T2

—
a3

Bt =ir B OE BE ®IE BEE #HEw B & fFNE SRYkE
H | EE FWE OFRY FIR M F X F XEE T 1 BHE
fm 4 R & R OHEE kg EE BAE TR FRig 2R
2ons R R O RENl EERE BEE B T Wwalk THE THF
B AR K B K 7 5K W KEF KBEFE Sk M Kk Simon X YANG
Wei Ren  Yang SHI  Yantao Shen

TAZGEHA 2018 £817| (AT
FERA. PIEBUF T EFAA R G
FEIREAL b il FHE R el e
WhIREEGL. P A RS TILICE (%)
hEHTE ST 2T RR T LT NS
(LR AR = SN2 3 2 4 0 e R
AL Tl K 55 Je N R ae i ARWFoE b

T &K k%A

Bl £ &/ WA AR RAOE BbEE

PITER. T

MBUHIR. CCARGHAD Fadip

th HE. dbmt 7254 fE40 4 404 (100074)

B 3F. 010-68191488 (mfgs)
010-68373084 CEFTHR)

i #8. chinauas310/@163.com

d b, hitp://umst.cbpt.cnkinet

ERET: AavifpEpH i im s

ENRSAAE. b st WEEETH 2 o Ei i A7 L 23 7]

v_

Unmanned Systems Technology Started in 2018 ( Bimonthly)
Administrated by:Chma Aerospace Science & Industry Corporation Limited
Sponsored by:Beijing HIWING Scientific and Technological Information
Institute
Co-organized by:Association for Unmanned Vehicle Systems of China
Technical Commitiee on Unmanned Systems. CICC
Rescarch Center for Unmanned Svstem Strategy
Development. NWPU
Unmanned System Research Institute, NWPLUJ
Editor-in-Chief: ZHANG Dongging
Associate Editor:CAl Shuncar SUN Baivuan LI Dongguang CHEN Shaochun
Executive Editor: WANG Yilin
Edited&Published by:Editorial Office of Unmanned Systems Technology
Add:P.O. Box 7254-4, Being 100074, China
Tel: (8610) 68191488 ( Editonal office)
(8610 68375084 (Circulation office)
E-mail:chinanas3 10/ 163.com
Website: hitp://umst.cbpt.enkinet
Distributed by:Beijing HIWING Scientilic and Technological Information
Institute

Printed by: Beijing BOIS Colour Printing Co.,[td.

AW AT a7

ISSN 2096-5915
CN 10-1565/T]

B fir: 30 00710



	目次
	系统综述
	有人机/无人机协同作战运用及对战争形态影响
	防空压制任务中的智能协同作战体系研究

	技术研究
	有人机/无人机协同系统航迹控制关键技术浅析
	基于Stackelberg博弈的有人机/无人机混合集群辐射功率控制算法
	多无人机监督控制系统设计与实践
	无人机载武器预先准备控制逻辑和仿真研究
	小型有人/无人协同特混编队对舰攻击策略研究
	有人机/无人机编队协同作战决策系统架构设计
	基于机动动作库的UCAV逃逸机动决策

	前沿动态分析
	国外典型有人机/无人机协同作战项目发展分析
	由美军作战概念出发的有人机/无人机智能协同作战解析


	Contents
	Systematic Review
	The Application of Manned/Unmanned Aerial Vehicle Cooperative Combat and Its Influence on War Form
	Research on Intelligent Cooperative Combat System in Air Denfense Suppression Mission

	Technical Study
	Review of Trajectory Controlling for Manned/Unmanned Aerial Vehicle Cooperative System
	Transmit Power Control Algorithm in Manned/Unmanned Aerial Vehicle Hybrid Swarm Based on Stackelberg Game Theoretic Model
	Design and Practice of Supervisory Control System for Multiple Unmanned Aircraft Systems
	Study on Pre-preparation Control Logic and Simulation of UCAV Weapon
	Research on the Attack Strategy of Small Manned/Unmanned Coordinated Special Mixed Formations on Ships
	Architecture of Decision System for Manned/Unmanned Aerial Vehicle Formation Cooperative Combat
	UCAV Escape Maneuver Decision Based on Maneuver Library

	Frontier Dynamic Analysis
	Development Analysis of Typical Manned/Unmanned Aerial Vehicle Collaborative Operations Projects Abroad
	Analysis on Concept of Intelligent Cooperative Combat of Manned/Unmanned Aerial Vehicle Evolving from the Combat Concept of American




 
 
    
   HistoryItem_V1
   TrimAndShift
        
     范围: 所有页面
     Trim: fix size 8.504 x 11.457 inches / 216.0 x 291.0 mm
     Shift: 无
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20201010144905
       824.8819
       Blank
       612.2835
          

     Tall
     1
     0
     No
     808
     228
    
     None
     Up
     0.0000
     0.0000
            
                
         Both
         AllDoc
              

       CurrentAVDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     0
     98
     97
     98
      

   1
  

 HistoryList_V1
 qi2base



