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In this study, a deep learning-based tonal frequency
detection technology is proposed to operate in an edge
computing environment, enabling low-power,
high-performance sonar detection capabilities for naval
unmanned systems. Design techniques for efficient tunnel
signal detection are presented, even in edge computing
environments without the typical deep learning hardware
support, such as GPUs. Additionally, the effectiveness and
superiority of the proposed technology are validated in
commercial edge computing environments.
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Table 1. H/W specification utilized for experiments

Computing Parallel processing

. CPU RAM .
environment unit
3268 RTX 4060 Laptop GPU
Laptop i9-13900HX DDR5 (8 GB)
multi-batch support
Edge-  Cortex-A72 4GB 00%9l€ %QE'BL;SB TP
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(b) Training results(proposed method): loss and F1-score

Fig. 2. Model training test result

Table 2. Tonal detection test result

Previous method [4] Proposed method
Operating precision
Accuracy F1-Score Accuracy F1-Score
Floating—point operation 0.65 0.44 0.85 0.77
Integer operation 0.666 0.458 0.839 0.763
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Table 3. Evaluation of elapsed inference time under various H/W configurations

Processing time of [4]
(=9

H/W configuration

Preprocessing

Processing time of proposed method
(sec)
Model inference

Model inference Preprocessing

Laptop+CPU inference (batch inference) 0.003" 123.3" 0.001 0.245
Laptop+GPU inference (batch inference) 0.003" 14.25" 0.001 0.035
Laptop+TPU inference (single inference) 0.003 275.3 0.001 0.069
RPi 4+CPU inference (batch inference) 0.134 2,368 0.002 4.35
RPi 4+TPU inference (single inference) 0.134 499 0.002 0.165
*batch unit: LOFAR-gram row (time-axis)
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