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Abstract: The star/airborne optical remote sensing image has a wide field of view and a complex scene. It is easy to
produce a large number of false alarms that are similar to the ship's target due to the impact of the shore construc-
tion and broken cloud, causing great interference to the ship's detection. Traditional marine ship detection algorithms
are difficult to be effective extracting discriminative features that are conducive to detection, results in low detection
rates and high false alarm rates for ships. In view of this, this paper proposes an optical ship target detection method
combining hierarchical search and visual residual network from the perspective of low false alarm and low missed
detection. Firstly, the land and sea area are segmented based on the texture integral map; secondly, the target can-
didate area is extracted by combining the multi-scale local structural features; then, the primary false alarm is
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removed by the layered removal strategy based on multi-dimensional visual features; finally, the visual residuals are

built the network finely removes false alarms from suspected candidate areas to obtain the final detection result.

Based on the GF2 remote sensing GF2 set, the algorithm proposed in this paper is tested and verified. The com-

prehensive detection rate of this algorithm is 92.0%, the false alarm rate is 12.58%, the average processing time is

0.5 s, the detection effect is good, the efficiency is high, and the adaptability to various scenes is good. It can achieve

accurate and efficient detection and positioning of optical ships in complex environments.

Keywords: optical ship; texture integral map; hierarchical false alarm rejection; visual residual network
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Fig. 1 The flow chart of the detection algorithm in this paper
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Fig. 2 Flow chart of the sea and land segmentation technology based on texture integral image.
(a) Original image; (b) Texture integral image; (c) Result of sea and land segmentation
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Fig. 3 Flow chart of candidate area extraction technology based on multi-scale local structural features.
(a) Land shield image; (b) Enhanced image; (c) Result of candidate area
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Fig. 5 Visual attention mechanism module structure diagram
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Table 1 Statistics of processing results

e FGEE RIIARCE ASOAECE RS R ERRES KRIIR% REERI% RIS
pIRE (3 50 210 225 234 93.33 10.26 0.52
PRHEH 40 325 350 371 92.86 12.40 0.50
THTTE 30 431 475 500 90.74 13.80 0.48
Bt 120 966 1050 1105 92.00 12.58 0.50
&2 ZAPEkeMaEk
Table 2 Performance comparison of three algorithms
R Rl #/% HEER % POBLIRNIANS
Faster-Rcnn 90.36 13.27 2.63
ssd(vgg-16) 87.24 14.35 0.95
A 92.00 12.58 0.50
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Fig. 6 The first detection results of three algorithms in ocean.
(a) Original image; (b) Faster-Rcnn; (c) ssd; (d) The algorithm of this paper
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Fig. 7 The second detection results of three algorithms in ocean. (a) Original image; (b) Faster-Rcnn; (c) ssd; (d) The algorithm of this paper
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Fig. 8 The first detection results of three algorithms in port. (a) Original image; (b) Faster-Rcnn; (c) ssd; (d) The algorithm of this paper
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Fig. 9 The second detection results of three algorithms in port. (a) Original image; (b) Faster-Rcnn; (c) ssd; (d) The algorithm of this paper
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Fig. 10 The first detection results of three algorithms in river. (a) Original image; (b) Faster-Rcnn; (c) ssd; (d) The algorithm of this paper
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Overview: The star/airborne optical remote sensing image has a wide field of view and a complex scene. It is easy to
produce a large number of false alarms that are similar to the ship's target due to the impact of the shore construction
and broken cloud, causing great interference to the ship's detection. Traditional marine ship detection algorithms are
difficult to be effective extracting discriminative features that are conducive to detection, results in low detection rates
and high false alarm rates for ships. In view of this, this paper proposes an optical ship target detection method com-
bining hierarchical search and visual residual network from the perspective of low false alarm and low missed detection,
comprehensive utilization of advanced processing ideas of artificial intelligence. Firstly, the land and sea area is seg-
mented based on the texture integral map; secondly, the target candidate area is extracted by combining the multi-scale
local structural features; then, the primary false alarm is removed by the layered removal strategy based on mul-
ti-dimensional visual features; finally, the visual residuals are built the network finely removes false alarms from sus-
pected candidate areas to obtain the final detection result. Based on the GF2 remote sensing GF2 set, compared with the
current more typical ship inspection technology, the algorithm proposed in this paper is tested and verified. The com-
prehensive detection rate of this algorithm is 92.0%, the false alarm rate is 12.58%. The average processing time is 0.5 s,
the detection effect is good, the efficiency is high, and the adaptability to various scenes is good. It can achieve accurate
and efficient detection and positioning of optical ships in complex environments. The advantages of this technology are:
1) The land area is quickly shielded by the sea, and land segmentation technology based on the texture integral map,
which improves the processing efficiency of the algorithm and effectively eliminates the interference of false land alarms;
2) Combines multi-scale local structure features to extract target candidates area, better solve the problem of low detec-
tion rate of low-quality targets; 3) Through hierarchical false alarms to propose strategies and the construction of visual
residual network, gradually eliminate all types of false alarms, improve the efficiency of the algorithm. The ship target
detection method proposed in this paper can be applied to the detection system of on-orbit or ground ships, and it plays
an important role in the rapid and accurate detection of remote sensing moving targets. Simultaneously, the algorithm
in this paper can also be applied to other rapid processing tasks of remote sensing targets. It can break through the bot-
tleneck problem of insufficient accuracy of traditional algorithms and limited timeliness of deep learning algorithms
and has a larger practical application prospect.

Xu AL, Du D, Wang H H, et al. Optical ship target detection method combining hierarchical search and visual residual
network[J]. Opto-Electron Eng, 2021, 48(4): 200249; DOI: 10.12086/0ee.2021.200249
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