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Abstract: Objective: Infrared imaging serves as a core sensing modality for sea ice monitoring under severe
weather conditions, owing to its excellent fog-penetration capability that supports continuous observation.

However, low contrast and blurred edges remain key challenges in infrared sea ice imagery. Method: This

15 #5 H #3:2026-05-26; 11T B #8: xxxx-xX-XX

EEWB: bk B & & 1115 B (No. 20240302018GX) 5 # Mk BHH & & 71l 3 B (8157 6 1 £ 15% ) (No.
20250402007ZP)
Supported by Jilin Provincial Science and Technology Development Plan Project (No. 20240302018GX): Jilin
Provincial Science and Technology Development Plan Project (Innovation Capacity Construction) (No.
20250402007ZP)


https://doi.org/10.3724/CO.2026-0093
https://doi.org/10.3724/CO.2026-0093
https://doi.org/10.3724/CO.2026-0093
https://cstr.cn/32171.14.CO.2026-0093
https://cstr.cn/32171.14.CO.2026-0093
https://cstr.cn/32171.14.CO.2026-0093

: EPENGESS -

paper proposes an edge-global collaborative enhancement detection method built upon the YOLOvV7 (You
Only Look Once version 7) framework. A Sobel contour extraction module is embedded in the shallow
ELAN blocks, which extracts horizontal and vertical gradients and performs adaptive fusion to enhance the
edge gradient features of sea ice boundaries. A Large Kernel Convolution (LKC) module is then added to the
deep ELAN blocks, adopting a dual-branch parallel complementary design: the main bottleneck branch ex-
pands the network's receptive field, while the short-connected 3x3 convolution branch preserves fine local
details of targets and correlates local image patches with the global radiative background. Result: Experi-
ments are conducted on a multi-weather infrared sea ice dataset, with the original YOLOV7 set as the baseline
for comparison. Three control models are constructed: Sobel-only, LKC-only, and dual-module. Four met-
rics are adopted for evaluation: precision, recall, mAP@0.5, and computational cost. Under dense fog condi-
tions, the proposed method achieves a recall of 0.674 and an mAP@0.5 of 0.671, corresponding to improve-
ments of 9.3 and 7.7 percentage points over the baseline, respectively. On the mixed-weather test set, recall
reaches 0.63 and mAP@0.5 reaches 0.627. Ablation experiments verify that the dual-module model delivers
the best performance across all metrics, with only a slight increase in computational cost from 103.2 GFLOPs
to 103.5 GFLOPs. Conclusion: By integrating edge enhancement and global background modeling, the pro-
posed method significantly improves the detection accuracy of low-contrast sea ice targets and enhances
model robustness in harsh weather scenarios, and can effectively meet the requirements of real-time sea ice

monitoring under adverse weather conditions.
Key words: infrared sea ice image; low-contrast target detection; edge gradient enhancement; large kernel

convolution; optical feature extraction
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Tab.1 Test Results on Mixed Weather and Sunny Test
Sets

Weather All Clear

Model  Comput. P R mAP@0.5 P R  mAP@0.5

Baseline 103.2 0.788 0.551  0.558 0.971 0.439 0.497
Baseline+
SobeltLKC 103.5 0.830 0.630 0.627 0.864 0.507 0.533

*2 BRERREVAEMALER
Tab.2 Test Results on Light Fog and Dense Fog Test
Sets

Weather Fog2 Fog5

Model  Comput. P R mAP@0.5 P R mAP@0.5

Baseline 103.2 0.928 0.605 0.618 0.893 0.581 0.594

Baseline+
Sobel+LKC

103.5 0.886 0.721  0.705 0.967 0.674  0.671

(b) %2
(b) Scenario 2

P 7 LA RO (9 2% (R 2 SR

Fig. 7 Detection Result Comparison Between the Baseline

(a) 1
(a) Scenario 1

() I3
(¢) Scenario 3

Network and the Improved Network
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Tab.3 Comparison of Detection Metrics for Different

YOLO-Series Detectors on the Mixed-Weather

Test Set
Model P R mAP@0.5
YOLOvVS 0.808 0.545 0.636
YOLOvS 0.838 0.623 0.701
YOLOv11 0.776 0.584 0.652
YOLOv7(Baseline) 0.788 0.551 0.558
Ours 0.830 0.630 0.627
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Tab.4 Performance of Individual Modules on the
Mixed-Weather Test Set

Weather All
Model Comput. P R mAP@0.5
Baseline 103.2 0.788  0.551 0.558
Baseline+Sobel 103.2 0.834  0.601 0.592
Baseline+LKC 103.5 0.770  0.568 0.565

Baseline+Sobel+LKC 103.5 0.830  0.630 0.627

x5 BERAEBRIRE THINAKE

Tab.5 Performance of Individual Modules on the

Clear Weather Test Set
Weather Clear
Model Comput. P R mAP@0.5
Baseline 103.2 0.971  0.439 0.497
Baseline+Sobel 103.2 0.818  0.480 0.532
Baseline+LKC 103.5 0.921  0.451 0.510
Baseline+Sobel+LKC 103.5 0.864  0.507 0.533
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Tab.6 Performance of Individual Modules on the

Light Fog Test Set
Weather Fog2
Model Comput. P R mAP@0.5
Baseline 103.2 0.928  0.605 0.618
Baseline+Sobel 103.2 0.879  0.674 0.641
Baseline+LKC 103.5 0.951  0.605 0.646

Baseline+Sobel+LKC 103.5 0.886  0.721 0.705

=7 BR—RPAEREGE TR R
Tab.7 Performance of Individual Modules on the
Dense Fog Test Set

Weather Fog5
Model Comput. P R mAP@0.5
Baseline 103.2 0.893  0.581 0.594
Baseline+Sobel 103.2 0.999  0.628 0.631
Baseline+LKC 103.5 0.812  0.605 0.600
Baseline+Sobel+LKC 103.5 0.967  0.674 0.671
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Fig. 8 Recall Trend Curve for Ablation Experiments
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