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Fig.2 Computational pipeline for dynamic extraction modelling of continuous sunlight-favorable regions
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Fig. 6 Lunar south polar topography and schematic illustration of continuous illumination dataset
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Fig. 8 Model training loss, Dice score, accuracy, precision, recall and F1 score
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Table 6 Comparison of model training results

=2 2

IZRFEIR Dice MR R AR F1 % 31:‘(
30 09523 0.965 8 0.928 0 09779 09523 ‘ﬁ % =)

60 09523 09653 09171 09905 09523 oz -
100 0.968 4 09776 0.949 2 0.988 6 0.968 4 f( ﬁ

! e

BRI JE 70 I8 PR E R I 9 s, R W]
99 % I 3 82 't MR U & o b AT 1 AR B 0 U
97%HIAE B AR5 7o R S A IE A 0, 1 — 5 W] A
R AAT RS W5 2K BE -

b EEEDEIE XK
T
(b) 7T 5 L7y FEIR AR R

ot SR XK
S
(a) RITor FIRIBHG

Ko 1RIohr 25 HiRIB R

Fig. 9 Confusion matrix showing proportion of pixel classifications
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Table 8 Results of path planning
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Fig. 12 Result diagram of the path planning experiment
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Intelligent Identification of Continuously Illuminated Regions at Lunar South Pole

Based on Deep Learning

3

CHEN Yang"*®, WEI Guangfei””', ZHANG Hao', LU Jianfeng', MIAO Qingliang”’

(1. College of Electronic and Information Engineering, Tongji University, Shanghai 201804, China;
2. National Key Laboratory of Deep Space Exploration, Hefei 230026, China;
3. Deep Space Exploration Laboratory, Institute of Deep Space Sciences, Hefei 230026, China;
4. Institute of Geochemistry, Chinese Academy of Sciences, Guiyang 550081, China)

Abstract: Taking the connecting ridge between Shackleton and de Gerlache craters as the research area, based on real-time
illumination simulation data from November 1, 2026, to February 28, 2027, a dynamic illumination dataset with a spatial
resolution of 20 m/pixel and a temporal resolution of 1 hour was constructed. A deep-learning framework is proposed to recognize
regions with continuous 3-day illumination, in which an improved VGG network extracts illumination-friendly regions from each
temporal frame, a bidirectional GRU network captures temporal illumination characteristics, and a consistent temporal-spatial
attention mechanism highlights key spatiotemporal illumination features. An output head network integrates these features to
generate target regions. Based on the extracted regions and an eight-direction rover mobility model, a Sun-synchronous A* path
planning algorithm is further optimized to enable illumination-aware navigation. Simulation results demonstrate that the proposed
method accurately recognizes 3-day consecutive illumination-friendly regions in the 20 m/pixel dynamic dataset and effectively
supports efficient rover path planning in well-illuminated areas of the lunar south pole.

Keywords: Lunar polar region; illumination for dynamic scenes; deep learning; spatial-temporal attention mechanism;
path planning

Highlights:

e Animproved, lightweight spatiotemporal VGG module was created to enable rapid extraction of solar illumination features.

e A dual-layer BiGRU network was utilized to extract continuous, hour-level temporal illumination features.

e Cosine similarity across three consecutive frames was employed to assess the consistency of continuous illumination information.

e An upsampling-driven network was designed to build a temporal illumination feature aggregation model.

e Animproved A* algorithm based on eight-direction used continuously bright regions, terrain slope, and travel distance.
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