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Naval combat systems utilize surface sensor imagery
and snapshots as core elements for target detection
and identification. However, some equipment transmit
high-resolution images, causing delays and
inefficiencies in storage management. To address this,
this study proposes transmitting low-resolution images
and applying the deep learning—based Real-ESRGAN
(Real Enhanced Super-Resolution Generative
Adversarial Network) model for restoration. The quality
of the restored images was evaluated using PSNR (Peak
Signal-to-Noise Ratio) and SSIM (Structural Similarity
Index Measure) metrics, demonstrating reduced
transmission delay, improved storage efficiency,
enhanced system operability, and the feasibility of Al
integration within naval combat systems.

SHY M EA|AH(Naval Combat System),
AHAHSnapshot), 4312 (Low-Resolution),
Q1E5A|&(Al), Real-ESRGAN
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2.1 Naval Combat Management System
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Fig. 1. Naval combat management system([7]
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Table 1. Specification of test environment
CPU Mem 0S
. Intel Core i7-4770 .
Simulator PC @3.40Ghz 16GB Window 7
Display
Processing Unit  AMD Ryzen 57600  32GB Window 10
PC
Interface/ Intel Xeon CPU 24GB Ubuntu 20.04.4
Storage Device  E3-1280 3.60GHz LTS

Table 2. Experimental environments

[tem Specification / Version

GPU Nvidia RTS 2080 Ti 11Gb
Lan Switch 1Gbps

basicsr 1.4.2

filterpy 1.4.5

opencv-python 4.12.0.88

PyTorch 2.8.0+cu126
scikit-image 0.24.0

scipy 1.13.1

4.3 Transmission Efficiency Analysis

Table 3% o|n|x] 278 A% Az} H7 4

i
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176.039095  SSW2  78192.168.206.24  Client: Protocol (SSH-2.0-libssh2 1.11.6)
18.6.06%87  SSW2  83192.168.206.11  Server: Protocol (SSH-2.0-RebexsSH 5.0.8062.0)

19 6.064123 TP 60 192.168.206.24 46868 » 22 [ACK] Seq=25 Ack=30 Win=29312 Len=0

20 6.064421 SSHv2 1174 192.168.206.11 Server: Key Exchange Init

21 6.064963 TP 1514 192.168.206.24 46868 » 22 [ACK] Seq=25 Ack=30 Win=29312 Len=1460 [TCP PDU reassembled in 22]
22 6.064963 SSHv2 114 192.168.206.24 Client: Key Exchange Init

23 6.065095 TP 54 192.168.206.11 22 » 46868 [ACK] Seq=1150 Ack=1545 Win=262656 Len=0

24 6.066423 SSHv2 102 192.168.206.24 Client: Elliptic Curve Diffie-Hellman Key Exchange Init

256.072000  SSW2  670192.168.206.11  Server: Elliptic Curve Diffie-Hellaan Key Exchange Reply

26 6.072633 SSHV2 70 192.168.206.11 Server: New Keys

27 6.076581 SSHv2 70 192.168.206.24 Client: New Keys

26.07699  SSW2  106192.168.206.24  Client: Encrypted packet (lens52)

we.omel TP 54192.168.206.11 22 » 46868 [ACK] Seqe1782 Acke1661 Win=262656 Len=0

WE.O7ITL S 106 192.168.206.11
36077575 S  122192.168.206.24
R6.0778 S 122192.168.206.11
33 6.078234 SSHv2 138 192.168.206.24
34 6.108962 SSHv2 90 192.168.206.11
35 6.109389 SSHv2 106 192.168.206.24
36 6.109584 SSHv2 106 192.168.206.11
37 6.110030 SSHv2 106 192.168.206.24
38 6.110288 SSHv2 90 192.168.206.11
39 6.110328 SSHv2 90 192.168.206.11 pe

40 6.110589 TP 60 192.168.206.24 46868 » 22 [ACK] Seq=1917 Ack=2062 Win=34432 Len=0
41 6.110715 SSHV2 106 192.168.206.24 Client: Encrvpted packet (len=52)

Fig. 9. Image transmission packets

Server: Encrypted packet (lenss2)
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Table 3. Image transmission packet analysis

Img No Size Trans. Packet
Type (MB) Time(s) Number

1 10.2 1.807276 9080

2 10.2 1.861689 9071

3 10.1 1.847263 9071

4 10.1 1.864705 9104

5 10.2 1.81017 9172

Original

6 10.1 1.804769 9061

7 10.1 1.719935 9068

8 10.2 1.74974 9048

9 10.1 1.74974 9054

10 10.2 1.700272 9071

1 0.834 0.151278 727

2 0.834 0.154328 726

3 0.834 0.152746 726

4 0.834 0.158984 730

bown 5 0.834 0.150874 726
Sampling g 0834 0.150165 725
7 0.834 0.150128 726

8 0.834 0.149157 724

9 0.834 0.149554 725

10 0.834 0.152822 726

Original

Down Sampling Super-resolution

Fig. 10. Original, down sampling, super-resolution com-
parison results
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4.5 Quantitative Evaluation

o] )9} -9 o] u] ] ©] PSNR & SSIM H| i 27
Ehdich,

Table 4. PNSR & SSIM result

Down Sampling Real-ESRGAN

e PSNR(dB) SSIM PSNR(dB) SSIM

1 33.31 0.7522 35.63 0.9104

2 33.68 0.7674 35.84 0.9147

3 32.44 0.7487 35.24 0.9017

4 36.53 0.8312 39.13 0.9544

5 32.18 0.7361 35.26 0.9061

6 32.63 0.7553 35.41 0.9084

7 34.11 0.7792 36.87 0.9323

8 34.16 0.7801 36.80 0.9306

9 33.83 0.7677 35.88 0.9105

10 32.26 0.7353 35.32 0.9071

E = o]u] X &= PSNR 35 dB 9 SSIM 0.85 o] AF
o] F4 AEE U=, Fr 22 2 Fig. 119]
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4.6 Overall Evaluation
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