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ABSTRACT Under modern war conditions, it is difficult for a single air defense weapon to complete the combat task. Establishing an
effective ground-air defense system can form a tight defense and control system network. The rapid development of attack and defense
weapons and equipment has caused varied situation changes, complexities, and uncertainties in the effective defense and interception
areas of weapons, which makes the modeling of the deployment of our defense weapons challenging. In addition to effective deployment
models, the efficient deployment of defense weapons is crucial for completing the configuration of weapon systems in real time, which

requires quick optimization of the deployment model of defense weapon systems. In this study, we established a defensive weapon
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deployment model using the interior point method with barrier functions under the conflict situation between hostile assault weapons and
our defensive weapons to address the challenges in modeling the configuration and real-time optimization of defensive weapon systems
for deploying multiple platforms and weapons in multiple areas. Furthermore, we performed an intelligent optimization analysis by
integrating defense efficiency, defense cost, and asset value of defense objects. The proposed method is established with the following
three steps: First, a parametric model of our defensive positions, weapons, and objects is established, and the probability functions and
constraints for intercepting hostile weapons are formulated. Thereafter, the concerned optimization deployment problem of defensive
weapons is transformed into an unconstrained optimization problem with convex performance index functions. Finally, the obstacle
function interior point method is employed to solve the problem, and the optimal deployment scheme of defense position weapons is
obtained. The following are the main contributions of the proposed method: (1) A dynamic deployment model of defense weapon
systems is established by considering the different types and heterogeneous characteristics of incoming targets and the diversified fire
application modes of the defense system inside and outside the atmosphere. (2) An optimal deployment algorithm for defense weapons is
proposed based on the interior point method of the obstacle function by focusing on the deployment model of defense weapons with
mixed-integer nonlinearity, strong coupling of constraints, and large-scale variables. Further, the effectiveness and superiority of the

proposed intelligent optimization modeling and calculating method are verified through numerical simulation under a complicated

conflict situation.

KEY WORDS interior point method with barrier functions; convex optimization; air defense mission; defensive weapon system;
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Fig.1 Modeling of defensive weapon systems
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Table 1 Defense capability of endo-/extra-atmospheric defense
weapons deployed at various positions against different assets

(S, fi)
Asset
Battlefield 1  Battlefield 2  Battlefield 3  Battlefield 4
Asset 1 (1,1) 0,1) 0,1) (1,0)
Asset 2 (0,1) (1,0) (1,1) (1,0)
Asset 3 (1,0) (0,0) (0,0) 0,1)
Asset 4 (1,1) (1,1) 0,1) (0,0)
Asset 5 (0,0) 0,1) (1,0) (1,1)
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Table 2 Number of extra-/intra-atmospheric weapons deployed at each position for each asset

(h(zij), Uzij))

Asset Battlefield 1 Battlefield 2 Battlefield 3 Battlefield 4
NT GD NT GD NT GD NT GD
Asset 1 (1.0324,0.7744) (1.3564,0.9407) (0,0.9510) (0,0.9432) (0,0.4832) (0,0.9325) (2.0229,0) (1.3514,0)
Asset2  (0,0.4304) (0,0.8064) (0.9800,0) (1.1430,0) (2.3878,0.3223) (1.1448,0.7983) (0.4714,0) (1.1389,0)
Asset 3 (3.4426,0) (2.7504,0) (0,0) (0,0) (0,0) (0,0) (0,1.3610) (0,1.8250)
Asset 4 (0.5245,0.5302) (1.3698,0.9490) (3.0194,0.6072) (1.3690,0.9515) (0, 0.3752) (0, 0.9408) (0,0) (0,0)
Asset 5 (0,0) (0,0) (0, 0.5015) (0, 1.1225) (3.6117,0) (1.6427,0) (0.5052,0.4745) (1.6364,1.121)
6 6
(a) (d)
5 | == NT-Extra 5 | == NT-Extra
mm GD-Extra mm GD-Extra
z2 NT-Intra z2 NT-Intra

4 | za GD-Intra

Number of weapons
w

4 + =z GD-Intra

Number of weapons
W

7 1 %

0 1
Asset 1 Asset2 Asset3 Asset4 AssetS Asset 1 Asset2 Asset3 Asset4 AssetS
Asset Asset
6 6
(©) (d)
L NT-Extra 5 | == NT-Extra
mm GD-Extra mm GD-Extra
z2 NT-Intra 7z NT-Intra

4  zza GD-Intra

Number of weapons
W

Asset 1 Asset2 Asset3 Asset4 Asset5
Asset

4 + za GD-Intra

Number of weapons
w2

Asset 1 Asset2 Asset3 Asset4 Asset5
Asset

B2 AREHbE A B TRE U2 AN R (a) MR 15 (b) Bt 2; (o) B3t 35 (d) Mt 4
Fig.2 Number of extra-/intra-atmospheric weapons deployed at each position for each asset: (a) Battlefield 1; (b) Battlefield 2; (c) Battlefield 3;

(d) Battlefield 4
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