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Abstract: In water emergency rescue tasks, the effective range of optical imaging devices is often severely lim-
ited or may even fail due to water turbidity and light attenuation. Therefore, forward-looking sonar (FLS) has be-
come a key sensor for detecting underwater human targets. However, FLS images are affected by severe speckle
noise and multipath effects, while annotated human acoustic data are extremely scarce, resulting in high missed-
detection rates and poor generalization under small-sample conditions. targeting human body sonar imaging
characteristic, a physics-guided human target detection algorithm based on an improved YOLO!11n network is
proposed for underwater forward-looking sonar images in small-sample scenarios. A Wavelet-based Downs-
ample Block (WDB) is introduced into backbone network to suppress frequency-domain noise and preserve tar-
get contours. A Shadow-aware Holistic Acoustic Attention (SHAA) module is designed to jointly model high-

light echoes and acoustic shadows, so that sonar imaging priors can be injected into deep features. A Dynamic
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Acoustic-Context Module (DACM) is further used to capture diverse human target shapes through dual-branch

geometric modeling. Experiments on a self-collected underwater human dataset show that mAPs, is improved by

up to 35.6% compared with YOLO11n, while the number of parameters is increased by only 3.1%. Missed and

false detections are reduced while real-time performance is maintained, providing an effective approach for

rapid underwater human target detection in water emergency rescue tasks.

Key words: underwater forward-looking sonar; object detection; sonar image; lightweight network; water rescue
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Table1 Model performance comparison

Hod & Y ZH /M Wi /1/s Kl 1 % FEEES mAP;, mAP.5
YOLOvVS5n 2.65 1150.29 0.917 0.887 0.946 0.459
YOLOVSs 9.15 1152.40 0.927 0.909 0.954 0.477
M900 ShuffleNetv2-Db-YOLOvV5s 3.18 - 0.880 0.867 0.910 0.395
YOLOI11n 2.59 1046.57 0.908 0.889 0.940 0.454
Ours 2.67 1024.28 0.934 0.904 0.957 0.461
YOLOvSn 2.65 1268.39 0.496 0.570 0.525 0.183
YOLOVSs 9.15 1180.83 0.672 0.671 0.714 0.272
M750 ShuffleNetv2-Db-YOLOvV5s 3.18 - 0.169 0.075 0.063 0.016
YOLOI1n 2.59 1054.44 0.533 0.524 0.494 0.159
Ours 2.67 908.78 0.619 0.632 0.670 0.224
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Table 2 Multi—class target detection results on FSOD

ERE LAY mAP, mAP;. o
25% YOLO11n 0.828 0.537
25% AL 0.841 0.550
50% YOLO11n 0.956 0.672
50% AL 0.959 0.676

3.2 HRESCIE AR
RS AE BRI R 3R . 5L YOLOLIn K
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Table 3 Ablation study results

M750 #4548 | MO900 % dls £

B |WDB|SHAA|DACM

mMAP; | mAP; 05| MAP; [mAP; 45

YOLO1ln| — — — | 0.494 | 0.159 | 0.940 | 0.454
Ml N, — — 10521 ] 0.171 | 0.951 | 0.441
M2 — N, — 10.516 | 0.181 |0.948 | 0.445
M3 — — <1 0.565] 0.198 | 0.940 | 0.447
M4 — NG ~ | 0.579 | 0.203 | 0.956 | 0.459
M5 N — ~ | 0.517 | 0.195 | 0.950 | 0.452
M6 N, N — | 0.537 ] 0.192 | 0.952 | 0.456
FULL N, N, 1 0.670 | 0.224 | 0.957 | 0.461
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Fig. 6 Underwater robot system and field application
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