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Table 1 Laser ranging derived coordinates of the five lunar
[18]

retroreflectors
WO R R () L) PR (m)
A1l LRRR 0.673440 23.473073 1735472.7
A14 LRRR -3.644170 342.521352 1736336.1
A15 LRRR 26.133396 3.628507 1735477.3
LK1 LRRR 38.315158 324.992036 1734928.7
LK2 LRRR 25.832307 30.922149 1734639.0
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Figure 1 Workflow of CE-3 positioning and precision validation
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Figure 2 Iterative method for 3D coordinates calculation in object
space
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Bl 3 bR S g S O B ONAE L FBET 44331k A11 LRRR, A14 LRRR, A15 PSE, CE-3 #i#%, LK2 LRRR, LK1 LRRR)
Figure 3 Locations of the landmarks on images (Clockwise from top left: A11 LRRR, A14 LRRR, A15 PSE, CE-3 Lander, LK2 LRRR, LK1 LRRR)
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Table 2 Coordinates of landmarks derived from multiple images and precision statistics

HEMELECFE)

i 22 R

H 5 ARKL
Lat (°) Lon (°) R (m) Lat (°) Lon (°) R (m) Lat (°) Lon (°) R (m)
All LRRR 0.67355 23.47312 1735472.9 7.0 4.1 0.14 -3.0 -1.5 -0.2 32
All PSE 0.67332 23.47317 1735473.0 6.9 3.7 0.14 - - - 32
All LM 0.67427 23.47317 1735472.5 7.0 35 0.14 - - - 32
Al4 LRRR —3.64424  342.52137 1736339.4 6.0 2.5 0.06 2.1 -0.7 3.3 15
Al4 PSE -3.64421  342.52232 1736339.6 5.9 3.7 0.05 - - - 21
Al4 ALSEP —3.64432  342.52233 1736339.6 6.1 2.5 0.04 - - - 19
Al15 ALSEP 26.13404 3.62981 1735476.7 8.0 6.6 0.15 - - - 26
Al5 LM 26.13232 3.63333 1735474.7 8.3 7.2 0.14 - - - 25
A15 PSE 26.13400 3.62992 1735476.6 8.0 7.2 0.16 - - - 26
LK1 LRRR 38.31501 35.00809 1734924.9 8.4 7.1 0.03 4.6 3.8 3.7 20
LK2 LRRR 25.83243 30.92195 1734636.2 7.5 9.8 1.0 -3.9 6.1 2.8 10
CE-3 44.12189 19.51129 1734767.0 14.9 7.0 0.02 - - - 14
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Figure 4 Histogram of LRO NAC postioning errors (A11 LRRR)
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F3 CE3&EMEEMER
Table 3 Coordinates of CE-3 lander derived from different methods and data sources
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Positioning and precision validation of Chang’E-3 Lander based on
multiple LRO NAC images

LIU Bin', DI KaiChang', WANG BaoFeng”, TANG GeShi?, XU Bin', ZHANG LuLu' & LIU ZhaoQin'

! State Key Laboratory of Remote Sensing Science, Institute of Remote Sensing and Digital Earth, Chinese Academy of Sciences, Beijing 100101, China;
2 Beijing Aerospace Control Center, Beijing 100094, China

High precision positioning of Chang’E-3 lunar lander is of great importance for the mission operations and relevant scientific
investigations. In this research, we calculate the location of Chang’E-3 lander using Lunar Reconnaissance Orbiter (LRO) narrow
angle camera (NAC) images and validate the precision with the Lunar Ranging Retro Reflectors (LRRRs). First, we pinpoint the
Chang’E-3 lander and other landmarks (LRRR etc.) on multiple LRO NAC images by manual interpretation and high-precision image
matching. Then the geodetic coordinates are derived from the image coordinates with the rigorous sensor models established with the
refined orbiter positions and attitudes from NAIF SPICE kernels. Finally, the average geodetic coordinates are calculated and
considered as the locations of Chang’E-3 and other landmarks. As a result, the location of Chang’E-3 is determined to be 44.1219°N,
19.5113°W using 14 LRO NAC images. The five LRRRs with high-precision absolute locations available are used as check points to
evaluate the poisoning errors. The results show that the location accuracy can reach 20 m with a single LRO NAC image, and
positioning the lander using multiple images reduces random errors and provides better accuracy than that using a single image.

Chang’E-3, Lander positioning, LRO NAC, LRRR, control network
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