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! Man in Loop

2 Ownship

® Entity

* Tactical situation
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® Linguistic rules
" extracting target behaviors
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! Analytic network process - ANP
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Threat element scoring

Calculated | Threat level

Target type

Proximity | Capability Intent

Tolerability | Opportunity

threat value (rank)

Fighter 0.85 075 0.861 0.625 1 0.817 3
Frigate 07 0.857 0.719 0.625 0.75 0.730 4
Submarine 0550 0.821 0.708 0.687 0.821 0.717 5
Bomber 05 0.821 0.772 0.562 0.964 0714 6
Grolploninan 0.750 0.624 0.694 0.687 0.785 0712 7
speed Boat
Helicopter 0.75 0571 0.763 0.625 0.821 0.706 8
Destroyer 0.300 0.857 0.763 05 0.821 0.648 9
AWACS 0.850 0.0.393 0.597 0.375 0.821 0.607 10
Al 0.15 0.821 0.763 05 0.678 0.582 11
carrier
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Target type

Threat element scoring

Proximity

Capability

Intent

Opportunity

Calculated
threat value

Threat level
(rank)

Missile 0.85 0.75 0.861 1 0.854 3
Frigate 0.7 0.857 0.719 0.75 0.756 4
Bomber 05 0.821 0.772 0.964 0.751 5
Helicopter 0.75 0571 0.763 0.821 0.726 6
Submarine 0.550 0.821 0.708 0.821 0.725 7
Giﬁﬁﬁ d"gzgf’h 0.750 0.624 0.694 0.785 0.718 8
Destroyer 0.300 0.857 0.763 0821 0.685 9
AWACS 0.850 0.0.393 0597 0.821 0.665 10
Aircraft carrier 0.15 0.821 0.763 0.678 0.603 11

XXXX}&—Z‘ XX ;)ngxJouijdﬁxu}wjﬁ—JmuaﬂM


http://ic4i-journal.ir/article-1-156-fa.html

[ Downloaded from icdi-journal .ir on 2025-12-06 ]

.| a

- e

7

9
2

S A5

7

ngﬁa

9
>

e
<
o

7

Hlads

las XX 3

(&)

\YaA

data fusion model II," SPACE AND NAVAL
WARFARE SYSTEMS COMMAND SAN DIEGO
CA2004.

[14] A. N. Steinberg and C. L. Bowman, "Revisions
to the JDL data fusion model,” in Handbook of
multisensor data fusion: CRC Press, 2008, pp. 65-88.

[15] J. Roy, S. Paradis, and M. Allouche, "Threat
evaluation for impact assessment in situation analysis
systems," in Signal processing, sensor fusion, and target
recognition XI, 2002, vol. 4729, pp. 329-341:
International Society for Optics and Photonics.

[16] E. Little, G. Rogova, and A. Boury-Brisset,
Theoretical foundations and proposed applications of
Threat Ontology to information fusion. Defence R&D
Canada-Valcartier, 2008.

[17] F. Johansson and G. Falkman, "A comparison
between two approaches to threat evaluation in an air
defense scenario,” in International Conference on
Modeling Decisions for Artificial Intelligence, 2008, pp.
110-121: Springer.

[18] N. Okello and G. Thoms, "Threat assessment
using Bayesian networks,” in Proceedings of the 6th
International Conference on Information fusion, 2003,
pp. 1102-11009.

[19] Y. Hou, W. Guo, and Z. Zhu, "Threat
assessment based on variable parameter dynamic
Bayesian network," in Proceedings of the 29th Chinese
Control Conference, 2010, pp. 1230-1235: IEEE.

[20] W. Mei, "Air Defense Threat Evaluation using
Fuzzy Bayesian Classifier,” in IJCCI, 2013, pp. 227-
232.

[21] S. Kumar and B. K. J. P. T. Tripathi,
"Modelling of threat evaluation for dynamic targets
using bayesian network approach,” vol. 24, pp. 1268-
1275, 2016.

[22] S. F. Page, J. P. Oldfield, and P. Thomas,
"Towards integrated threat assessment and sensor
management: Bayesian multi-target search,” in
Multisensor Fusion and Integration for Intelligent
Systems (MFI), 2016 IEEE International Conference on,
2016, pp. 44-51: IEEE.

[23] A. N. Costa and P. C. Costa, "Simulation-based
air mission evaluation with Bayesian threat assessment
for opposing forces," in Disciplinary Convergence in
Systems Engineering Research: Springer, 2018, pp.
281-295.

[24] M. Nilsson, J. Van Laere, T. Ziemke, and J.
Edlund, "Extracting rules from expert operators to
support situation awareness in maritime surveillance,"
in 2008 11th International conference on information
fusion, 2008, pp. 1-8: IEEE.

&l

[1] F. Johansson and G. Falkman, "A Bayesian

network approach to threat evaluation with application
to an air defense scenario,” in 2008 11th International
conference on information fusion, 2008, pp. 1-7: IEEE.

[2] H. Irandoust, A. Benaskeur, F. Kabanza, and P.
Bellefeuille, "A mixed-initiative advisory system for
threat evaluation,” in Proceedings of the 15th
International Command and Control Research and
Technology Symposium: The Evolution of C, 2010, vol.
2, pp. 2-3.

[3]1 S.Unver, T.J.J. 0. M. Giirbiiz, and S. Studies,
"Threat Evaluation In Air Defense Systems Using
Analytic Network Process," vol. 19, no. 4, 2019.

[4] M. J. Liebhaber and C. Smith, "Naval air
defense threat assessment: Cognitive factors and
model," PACIFIC SCIENCE AND ENGINEERING
GROUP INC SAN DIEGO CA2000.

[5] M. J. Liebhaber and B. Feher, "Air threat
assessment: Research, model, and display guidelines,"
SPACE AND NAVAL WARFARE SYSTEMS
COMMAND SAN DIEGO CA2002.

[6] M. J. Liebhaber, D. Kobus, and B. J. S. Feher,
"Studies of US Navy air defense threat assessment:
Cues, information order, and impact of conflicting
data," 2002.

[71 N. Le Guillarme, "A Game-Theoretic Planning
Framework for Intentional Threat Assessment,” Theése
de doctorat, Université de Caen, 2016.

threat
Crisis

[8] A. N. Steinberg, "A model for
assessment,” in Fusion Methodologies in
Management: Springer, 2016, pp. 313-340.

[9] E. G. Little and G. L. Rogova, "An ontological
analysis of threat and wvulnerability,” in 2006 9th
International Conference on Information Fusion, 2006,
pp. 1-8: IEEE.

[10] A. N. Steinberg, "An approach to threat
assessment,” in 2005 7th International Conference on
Information Fusion, 2005, vol. 2, p. 8 pp.: IEEE.

[11] A. N. Steinberg, "Threat assessment
technology development,” in International and
Interdisciplinary Conference on Modeling and Using
Context, 2005, pp. 490-500: Springer.

[12] A. N. Steinberg, "Data fusion system
engineering," in Proceedings of the Third International
Conference on Information Fusion, 2000, vol. 1, pp.
MOD5/3-MOD510 vol. 1: IEEE.

[13] J. Llinas, C. Bowman, G. Rogova, A.
Steinberg, E. Waltz, and F. White, "Revisiting the JDL

Yy


http://ic4i-journal.ir/article-1-156-fa.html

[ Downloaded from icdi-journal .ir on 2025-12-06 ]

[36] B.J. Choi, J. E. Kim, J. S. Kim, C. 0. J. J. 0. t.
K. I. 0. M. S. Kim, and Technology, "Fuzzy rule-based
method for air threat evaluation," vol. 19, no. 1, pp. 57-
65, 2016.

[37] M. J. Liebhaber and B. Feher, "Surface warfare
threat assessment: Requirements definition,” SPACE
AND NAVAL WARFARE SYSTEMS
COMMANDSAN DIEGO CA2002.

[38] S. You, M. Diao, L. J. I. R. Gao, Sonar, and
Navigation, "Implementation of a combinatorial-
optimisation-based threat evaluation and jamming
allocation system,” vol. 13, no. 10, pp. 1636-1645,
2019.

[39] L.-b. QIU, Z.-I. LIU, and M. J. J. 0. A. F. E. U.
LIU, "A Threat Assessment Algorithm by Using the
Neural Network Techniques [J]," vol. 6, 2002.

[40] X. Ximeng, Y. Rennong, and Y. Yang, "Threat
Assessment in Air Combat Based on ELM Neural
Network," in 2019 IEEE International Conference on
Artificial Intelligence and Computer Applications
(ICAICA), 2019, pp. 114-120: IEEE.

[41] S.-l. Zhang, T. Zhang, and X.-m. Xu, "Threat
Estimation of Aerial Target Based on Extreme Learning
Machine," in 2019 Chinese Control Conference (CCC),
2019, pp. 7233-7238: IEEE.

[42] H. Lee, B. J. Choi, C. O. Kim, J. S. Kim, and J.
E. J. K.-B. S. Kim, "Threat evaluation of enemy air
fighters via neural network-based Markov chain
modeling," vol. 116, pp. 49-57, 2017.

[43] A. Benavoli, B. Ristic, A. Farina, M.
Oxenham, and L. Chisci, "An approach to threat
assessment based on evidential networks," in 2007 10th
International Conference on Information Fusion, 2007,
pp. 1-8: IEEE.

[44] R. Roux and J. H. J. O. van Vuuren, "Real-time
threat evaluation in a ground based air defence
environment," vol. 24, no. 1, pp. 75-101, 2008.

[45] M. Yoon, J. Park, and J. J. I. J. 0. C. Yi, "An
Effective Threat Evaluation Algorithm for Multiple
Ground Targets in Multi-target and Multi-weapon
Environments," vol. 15, no. 1, 2019.

[46] I. Dimitrijevi¢ and N. Steki¢, "Intelligence
Analysis Models for Asymmetric Threats," Strategic
Research Institute & National Defence School, 2018.

[47] G. Rogova and P. Scott, Fusion Methodologies

in Crisis Management: Higher Level Fusion and
Decision Making. Springer, 2016.

YY

[25] W. Elahsoumi, I. Boujelben, and I. Keskes,
"Rule Based Method for Terrorism, Violence and Threat
Classification: Application to Arabic Tweets," in
International Conference on Automatic Processing of
Natural-Language Electronic Texts with NooJ, 2019,
pp. 209-219: Springer.

[26] Y. Liang, J. Lee, B. Hong, and W. Kim,
"Design and Implementation of Rule-based CEP for
Threat Detection and Defense,” in 2019 IEEE
International Symposium on INnovations in Intelligent
SysTems and Applications (INISTA), 2019, pp. 1-6:
IEEE.

[27] A. N.J. H. 0. m. d. f. t. Steinberg and practice,
"Foundations of situation and threat assessment," pp.
437-501, 2009.

[28] M. Oxenham, "Enhancing situation awareness
for air defence via automated threat analysis,” in
Proceedings of the Sixth International Conference on
Information Fusion, 2003, vol. 2, pp. 1086-1093.

[291 M. G. Oxenham, "Using contextual
information for extracting air target behavior from
sensor tracks,” in Signal Processing, Sensor Fusion, and
Target Recognition XII, 2003, vol. 5096, pp. 482-493:
International Society for Optics and Photonics.

[30] Y. Liang, "An approximate reasoning model
for situation and threat assessment,” in Fourth
International Conference on Fuzzy Systems and
Knowledge Discovery (FSKD 2007), 2007, vol. 4, pp.
246-250: IEEE.

[31] C. Giraud and B. Jouvencel, "Sensor selection
in a fusion process: a fuzzy approach,” in Multisensor
Fusion and Integration for Intelligent Systems, 1994.
IEEE International Conference on MFI'94., 1994, pp.
599-606: IEEE.

[32] S. Kumar and A. M. Dixit, "Threat evaluation
modelling for dynamic targets using fuzzy logic
approach,” in International Conference on Computer
Science and Engineering, 2012.

[33] E. Azimirad, J. J. I. J. 0. C. S. Haddadnia, and
I. Security, "A New Data Fusion Instrument for Threat
Evaluation Using of Fuzzy Sets Theory," vol. 13, no. 4,
p. 19, 2015.

[34] E. Azimirad and J. J. I. J. 0. A. i. . L
Haddadnia, "A New Method for Threat Assessment
Based on Fuzzy Dempster-shaffer Theory," vol. 2, no.
2, pp. 54-64, 2016.

[35] E. Azimirad and J. J. I. J. 0. A. i. . L
Haddadnia, "A new model for threat assessment in data
fusion based on fuzzy evidence theory," vol. 2, no. 2,
pp. 54-64, 2016.

";TIA&Q.L:«:\»M

L]

9

9 J.h_\.:LAJ_é f"!‘

e
<
ool

\
O

1
)
[

las XX 5 led « XX

(&

XXXX


http://ic4i-journal.ir/article-1-156-fa.html
http://www.tcpdf.org

