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Modeling framework for intelligent unmanned swarm operation

simulation under OODA-L pattern

Z0U Liyan, ZHANG Mingzhi, BAI Junru
(Joint Operations College, National Defense University, Beijing 100091, China)

Abstract; The related concept of intelligent unmanned swarm operation was introduced. In order to reflect the autonomous capability and

adaptive capability of intelligent unmanned simulation entity, the OODA-L ( observe, orient, decide, act and learning) pattern was proposed to

make the learning process explicit, and was further extended to Co-OODA-L pattern. In the general description of the intelligent unmanned

simulation entity, Markov decision process was adopted to carry out the mathematical abstraction, and a three-domain hierarchical structure of

intelligent unmanned Agent was proposed. In order to embody the characteristics of autonomous cooperation and distribution of intelligent unmanned

swarm operation, an architecture for cooperative operation modeling of swarm was proposed, which uses an artificial neural network to integrate a

variable number of intelligent unmanned Agents into a homogeneous or heterogeneous swarm.
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Fig.9  Architecture of cooperative operation modeling of intelligent unmanned swarm

SRR AR AH AR SE M B EA T 0 A 0,
IR A TR

1) & BRETC A Agent 3 AT (10 25 ) 2% 45
P (AL A S DA D 2% 3 s IO 2% TR {5 R 2% ) I
SR AE TR AR Agent B B RE; 7340,
FRAT oA 2549, a [ i) T R4 a5 5 4
SERERY A Rt e N G 2E 2] s R Re T
N Agent B 23 77 A BE 3 B9 4R T B[] 4 AR
HEJT o

2) B HETCN Agent (AT RPLTR , I & 5
(1) “Tf — then — else” G544, AN FRAE K AT H
R — S50, TR 30 3 X6 SR R (4 B RN FUE % ]
IS HA Agent 7T RER I AT Ay, 34 17 4 24 1Y
BB AT RS, IR BETC A Agent AR
BT —Fhe R B dEGE

3)FRETC A Agent [ 3R I 45 Z8 5 1 iR B
BN LR AW Ak, PR B> Agent #RE A
B 2% 2 F A R R, A 3 [ B0 ) Agent
115, ELA AT 138 1 e T Rz AR AR , BEAE R 4
RFNASE A 2 M, J5 L8 RE A% 38 o A W i B
Rz 2k — R T A SR BRIK -

5 #it

SR AL A 5 2 0 0 EUAEETE SRl )
P B RSO AT A LR R
Fesk AL A 0% I B R TE AT BB R
fi 1 FISE 2 119 OODA-L Bk, I Ho™ e Sy
52 F T AT Co-OODA-L 2. 7E OODA-L
LT L R TT MDP X3 AETE A Agent JEF7 502
VA I RE A Agent ) BAM 45 HIHE

1t Co-OODA-L #50F , 55 T A sk R 450 F
BRETC NS P [/ O L B (M) I 2% 5 4
SRR N2 ARG P P AN, B 2
AR RETC N A 55 15 5t I |
SR IR BETCN Agent Y, MyHEAH S B%
TFREAMERT T o

% 3% 37 ik ( References)

(1] aRspr, skIPE. Dh3esd SRULM T i s JC A ML REME
S ST [T]. HOARSIEIR, 2020(6) : 67 -74.
ZOU Liyan, ZHANG Mingzhi. Research on the concept of
intelligent UAV  swarm operation under mosaic warfare
viewpoint[ J]. Tactical Missile Technology, 2020 (6) : 67 —
74. (in Chinese)

[2] Department of Defense. Unmanned systems integrated
roadmap: FY2011 - 2036 [ R]. Washington DC: DoD,
2011.

[3] Department of Defense. Unmanned systems integrated
roadmap; FY2017 - 2042 [ R]. Washington DC; DoD,
2017.

(4] BRMHE. ERERNATZIKIN]
2018 -01 -30(4).

CHEN Hanghui. Has the era of swarm warfare come [ N ].
China National Defense Daily, 2018 - 01 - 30 (4 ). (in
Chinese)

[5] PAUL S. Robotics onthe battlefield part II ; the coming
swarm [ R]. Washington DC: Center for a New American
Security, 2014.

[6] EROLS, WILLIAM M S. Swarm robotics: SAB 2004

international workshop revised selected papers [ M ]. Santa

Hh L] [ B

Monica: Springer, 2004.

[7] EROLS, WILLIAM M S. Swarm robotics: second SAB
international workshop revised selected papers [ M ]. Santa
Monica: Springer, 2006.

[8] R, BT, TR, FAEEMF BB S 590 A F
FELCL//7%5 T Jm b [ 48 45 4 ) K 218 S04, 2017
115 -119.



- 170 -

e AN o 4

5543 &

[10]

[11]

[13]

[15]

[16]

SONG Rui, YANG Xuerong, PAN Shengdong. The research
on the key technologies and military applications of intelligent
swarm [ C ]//Proceedings of the 5th China Command and
Control Conference, 2017: 115 -=119. (in Chinese)
L, w5 BEHLEE IT R R AR 2 oC [ N].
fRICEHM, 2017 =05 —=12(11).

MA Jianguang, ZHANG Naiqgian. Swarm weapons: opening a
new era of intelligent warfare [ N ]. Chinese People’ s

Liberation Army Daily, 2017 =5 —12(11). (in Chinese)

SEA, SRR, MARIL. — R T OODA-L A AEJC A
%ﬁ?f’FﬁﬂﬁE&ffﬂl’ 2L Cl//p RGBS RS

HARFEZISIZIE 0, 2019 241 -248.
ZOU Liyan, ZHANG Mingzhi, BAI Junru.
modeling framework for intelligent unmanned swarm operation
based on OODA-L [ C ]// Proceedings of China System
Simulation and Virtual Reality Technology High-level Forum,
2019 241 -248. (in Chinese)

A, DL AR ER B LA BT 7 Bt IR R AR

BELJ]. BigsHiei, 2015(1): 7 -9.
YE Donghui. Advantages of robot swarm warfare:

[Jl

A simulation

quantity,

coordination, intelligence and speed Defense
Perspective, 2015(1) : 7 =9. (in Chinese)

BN, RIEE, fHE. ﬁ?xmkﬁ%hﬂ’]ﬁ%{’ﬁuﬁlﬁ
WA TTHREZ A (] R I TR 2 B 244, 2015,
29(2):1-

LUO Xiaoming, ZHU Yanlei, HE Rong.

contribution for equipment operational test system based on

Evaluation of

complex adaptive system[ J]. Journal of Academy of Armored
Force Engineering, 2015, 29(2) . 1 -6. (in Chinese)
BB, FDBTE, REE MPERURM S R (M].
ot EBE R AL, 2009 263 - 264.

HU Xiaofeng, SI Guangya, WU Lin,
systems of war gaming and simulation [ M].
Defense University Press, 2009 ; 263 —264. (in Chinese)
BSERG. B - N - 2% - TR RN R

et al. Principles and

Beijing: National

EIM]. Bk, Bh= AT, B dbnt: EHE R R
#t, 2009.

OSINGH F P B. Science, strategy and war: the strategic
theory of John Boyd[ M]. Translated by YANG Bin, YAO
Yunzhu. Beijing: Military Science Press, 2009. (in Chinese)
SUTTON R S, ANDREW G B. Reinforcement learning: an

introduction [ M ]. 2nd ed. Cambridge, Mass. ; The MIT
Press, 2018.
AR, . 2R Re R T o R A AR

TBIM]// B0, SR, W, & SERERSE R

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

RH: 552 % JuEt: R Ed AL, 2017 17 -47.
HU Yujing, GAO Yang. Game,
transfer in multi-agent reinforcement learning [ C]// WANG
Chongjun, SHI Zhongzhi, CHANG Liang, et al.
systems and their application: volume 2. Beijing: Tsinghua
University Press, 2017 17 —47. (in Chinese)

bt ATREREIM]. dbat: HUBCTOb S ik, 2018.
SHI Zhongzhi. Artificial intelligence [ M].
Machine Press, 2018. (in Chinese)
B, PhaR, FHIGIHE, AF. MBI A RGERER e
W gk 1], S AL BF 58, 2015, 32 (1)
11 -16.

LIANG Xiaolong, SUN Qiang, YIN Zhonghai,
on large-scale unmanned system swarm intelligence control
method [ J ]. 2015,
32(1): 11 =16. (in Chinese)

REYNOLDS C W. Flocks, a distributed
behavioral model[ J]. ACM SIGGRAPH Computer Graphics,
1987, 21(4) : 25 34.

ILACHINSKI A. TDrreducible semi-autonomous adaptive combat
(ISAAC) : an artificial-life approach to landwarfare [ R ].
Defense Technical Information Center, 1997.

ILACHINSKI A. Artificial war [ M ].
Scientific, 2004.
ILACHINSKI A. AI,
and recommended studies[ R]. Arlington: CNA, 2017.
ANDERSON M A. Agent-based modelling in the New Zealand
defence force [ C]//Proceedings of the International Defense
Workshop, 2013

equilibrium and knowledge

Multi-agent

Beijing: China

et al. Review

Application Research of Computers,

herds and schools:

Singapore: World

robots, and swarms issues, questions,

and Homeland Security Simulation
61 -66.

HOLLIDAY P. SWARMM-—a mobility modelling tool for
C]//Proceedings of IEEE Military
Communications Conference, 2008: 1 -7.

BRRk, ki, BRE, . eI ERLEIM]. doat:
FEHR 2 I AL, 2009.

CHEN Xin, ZHANG Hao, LUO Junrong, et al. Analysis and

tactical military networks

demonstration simulation system [ M ]. Beijing: Military
Science Press, 2009. (in Chinese)
ARSE A, RWIR, SREL. ERE ANV L B R

BFIHLI]. ARTHEOR, 2019(5) : 1 -11.
ZOU Liyan, ZHANG Mingzhi, RONG Ming. Analysis of
intelligent unmanned aircraft systems swarm concept and main

development trend [ J ]. Tactical Missile Technology,

2019(5): 1 —=11. (in Chinese)



