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(a) The Moon, as observed from the Earth in reality
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(b) The Moon, assuming which is a Lambertian radiator

B2 DA AR H B DX BE 2 AT H B IX 4 s (] A

Fig. 2 Brightness of the lunar polar region observed from the earth affects our geospatial cognition
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Fig. 3 Orthophoto images of the lunar polar regions by Chang'E-2
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(a) North polar region
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Fig. 5 Slope maps of the lunar polar regions
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Fig. 6 Distribution maps of the permanently shadowed regions (red) in the lunar polar regions
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(a) Orthophoto map of the lunar north polar region by CE-2
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(b) Shading map of the lunar north polar region
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Fig. 7 Comparison between image map and shading map of the lunar north pole regions
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(a) Orthophoto map of the lunar south polar region by CE-2
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Fig. 8 Comparison between image map and shading map of the lunar south pole regions
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Fig. 9 Comparison of terrain details between image map and shading map of the lunar north pole regions
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Fig. 10  Comparison of terrain details between image map and shading map of the lunar south pole regions
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(a) Aerial view of area north of 85° N
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(b) Aerial view of area south of 85° S
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Fig. 11 3D Surface tilt views of the lunar polar regions
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Fig. 12 Thematic map of PSR overlaid with shading map of the lunar polar regions
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Abstract: Due to its special geographic location and topographic features, the lunar polar regions have low solar altitude angles and
insufficient illuminations, and numerous Permanently Shadowed Regions (PSR) lack direct solar illumination all the time. Therefore, these
sites may contain enormous amounts of water ice and are of scientific importance and utilization. Visible-band imagery is often used to
visualize the topography of the lunar mid- and low-latitude regions, but this method is poorly effective in the lunar polar regions. The
shadow range of the existing image data is huge, which leads to incomplete topographic representation and poor human understanding. If the
planetary topography of the lunar polar region is directly represented from the elevation data, problems such as unnatural color and light
effects and lack of topographic details will occur. Human' s intuitive perceptions of the lunar surface mainly come from naked-eye optical
observation, telescope optical photography, and remote sensing images from orbiting satellites, which largely shape the geospatial
knowledge of the lunar landscape. Migrating these mature geospatial cognitions of the moon to the lunar polar regions can effectively reduce
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the cost of understanding the lunar morphology. Therefore, to improve the scientific exploration of the lunar polar regions, a set of
comprehensive, efficient, and human-cognitive-habit-suitable visualization mapping methods of the lunar polar regions is needed. In this
paper, high-precision laser altimetry data are combined with the shading visualization method to create illumination maps, which effectively
represent the impact craters, crater chains, rilles, and other landforms in the lunar polar regions, and have the characteristics of intuition,
detail, and comprehensiveness. When visualization operation is performed, the undulation of complex planetary landforms such as impact
craters is comprehensively considered, and the topography is appropriately exaggerated so that the absolute and relative elevations of the
terrain can be reasonably expressed in the shading map. Such a planetary topographic map has a powerful sense of three-dimensionality in
the visual sense with a clear light-shadow relationship and the elevation expression has a better display effect even in the polar regions,
without losing the details of the terrain, which can realize a more satisfactory effect of displaying the terrain features. The large-scale
topographic maps and local topographic details of the lunar polar regions are created by this method and compared with the corresponding
remote sensing images. Moreover, further processes overlaying the PSRs on the corresponding shading map can obtain a clearer thematic
map. Orthorectified aerial view maps based on the grayscale coloring of the elevation not only restore the real planetary topography but also
express the relationship between its absolute elevations and its relative height. Enhanced visualization of the lunar polar region aligns with
human geospatial cognitions and can depict the topography of the lunar surface objectively and realistically. This enhances visualization and
strengthens the suitable geospatial planetary cognition of map users following human intentions and minds, improving the display effects of
large-scale topography and small-scale terrain details. The topographic shading maps provide support for landing site selection, rover path
planning, and results display in the lunar polar regions.

Key words: planetary cartography, lunar exploration, lunar polar region, shading map, visualization
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