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Figure 1 (Color online) Position of Chang’E-4 during the descent phase with action of thrusts. (a) Lunar height-time; (b) lunar height-heading

displacement.
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Figure 2 (Color online) The first descent and landing image received by the ground. (a) The first descent image (2019-01-03T10:23:03, Beijing time,
Frame No. 1624); (b) the first landing image (2019-01-03T11:44:33, Beijing time, Frame No. 5416).
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Table 1 Main differences during the descent phase with action of thrusters between Chang’E-4 and Chang’E-3
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Figure 3 Flowchart of landing location for Chang’E-4.
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Figure 4 Flowchart of image enhancement to remove block effect.
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Figure 5 Flowchart of landing location transfer based on descent
sequence images.
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Figure 6 (Color online) Comparison of the original image and the enhanced image (Frame No. 1754). (a) Original image; (b) local details of the

original image; (c) enhanced image; (d) local details of the enhanced image.

2339-2274)VLACEE R, 3824 [F 44
Figure 7 (Color online) SIFT matching results of adjacent sequence images. (a) Matching result of the descent images (Frame Nos. 3054 and 2989),
44 matched points included; (b) matching result of the descent images (Frame Nos. 2339 and 2274), 24 matched points included.
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Figure 9 (Color online) SIFT matching results of partial adjacent images. (a) Matchlng result of descent images (Frame Nos. 3396 and 3346), 59
matched points included; (b) matching result of descent images (Frame Nos. 3296 and 3246), 459 matched points included; (c) matching result of
descent image (Frame Nos. 3146 and 3096), 555 matched points included; (d) matching result of descent image (Frame Nos. 2996 and 2946), 871

matched points included.
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pom- (@) Original images; (b) local details.
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pou- (@) Original images; (b) local details.
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Table 3 Matching results of three groups
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Table 4 Comparison of Chang’E-4 landing position results
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Figure 13 (Color online) Schematic diagram of periodic planning for rover and lander mutual-photograph of CE-4.
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Vision based Chang’E-4 landing point localization

WANG Jia"”, WU WeiRen’, LI Jian', DI KaiChang', WAN WenHui", XIE JianFeng', PENG Man",
WANG BaoFeng'”, LIU Bin®, JIA MengNa' & XI LuHua'ZHAO Rui'

! Beijing Aerospace Control Center, Beijing 100094, China;

* National Key Laboratory of Science and Technology on Aerospace Flight Dynamics, Beijing 100094, China;

* Lunar Exploration and Space Engineering Center, Beijing 100037, China;

* State Key Laboratory of Remote Sensing Science, Institute of Remote Sensing and Digital Earth, Chinese Academy of Sciences, Beijing 100101,
China

On December 8, 2018, China launched the Chang’E-4 lunar probe and implemented soft landing and patrol exploration on the lunar
farside for the first time. Fast and high-precision positioning of the landing point is a critical step of the mission, and also an important
prerequisite for surface operations of the lander and rover. Based on the high-precision image matching and geometric transformation
methods, and considering the engineering requirements, the landing point location of the Chang’E-4 lander was initially determined
using the near real-time high compression ratio descent sequence images. Then, the position was refined using the replayed low
compression ratio descent images, and the landing point position was calculated to be (177.5884°E, 45.4565°S). The landing point
localization method and result have been successfully applied to actual engineering tasks for the first time in China, thus providing
important support to the topographic analysis of the landing area and mission planning of the follow-up teleoperations.

Chang’E-4, lunar exploration, landing position, descent images
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