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2
Table 2 Check points errors
/m Y /m VA /m
GCP02 0.920 -1.618 0.198
GCPO5 0.369 0.259 -0.117
GCP06 -1.069 —-1.554 0.306
GCPO8 0.312 0.142 —-0.006
GCP12 0.396 -1.029 -0.136
GCP15 -1.327 1.101 0.868
GCP29 -0.188 -0.435 0.621
GCP32 1.324 -0.007 1.575
GCP34 1.808 -0.756 -0.796
GCP36 -0.661 1.594 -1.192
GCP38 -0.098 -0.369 0.602
GCP41 -0.833 0.402 -1.694
GCP44 1.839 -0.340 -0.207
GCP46 0.139 -0.021 -0.947
GCP48 0.608 -0.366 0.745
GCP49 -0.102 0.036 -0.167
GCP50 -0.023 -0.253 0. 860
GCP51 0. 856 0.476 0.595
> 0.908 0. 800 0. 806
Fig.5 Distribution of control points
4.2
Table 1 Control points errors
/m Z

GCPO1 -0.828 0.300 -0.782 6 °

GCPO3 -0.429 -0.352 -0.122

GCPO4 -1.196 0.436 -0.099

GCPO7 -0.502 0.277 -0.895

GCP09 -0.511 -1.173 0.523

GCP10 0.181 -0.824 -0.535

GCP11 0.047 -0.294 0.139

GCP13 0.505 -0.200 0.517

GCP14 0.833 0.750 0.771

GCP16 -0.272 0.022 0.467

GCPI18 0.355 -1.100 -0.065

GCP19 1.459 0.707 -0.515

GCP21 -0.345 0.525 —-1.008 6

GCr22 0.395 1.148 1.270 Fig. 6 Trajectory recovery diagram

GCP23 0.658 -0.528 0.517

GCP25 -1.572 0.221 0.275 ( 7 )

GCP26 0.050 1.751 0.062

GCP31 0.764 -0.670 -0.067 2216.351 m °

GCP33 -0.007 1.215 -0.267 Z

GCP35 0.382 -0.314 0.282 91.32 m .

GCP37 -0.623 0.184 0.110

GCP40 1.206 —-0.495 -0.910 8 37 mis

GCP42 -0.939 0. 166 ~1.305 4.5 m/s

GCP45 0.734 ~0.444 0.245 1.5 m/s .

GCP52 -0.536 -0.947 -0.165 9

GCP54 -0.206 0.098 -0.547

0.724 0.717 0.602 °
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7

Fig.7  Orientation curve of the lander

8

Fig. 8 Speed curve of the lander

9

Fig.9  Acceleration curve of the lander
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Fig. 10 DOM generated from descent images
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Descending and landing trajectory recovery of

Chang’e-3 lander using descent images

LIU Bin' XU Bin' LIU Zhaoqin' LIU Yiliang' DI Kaichang'
TANG Geshi’ ZHOU Jianliang’

1. 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

Abstract: Chang’e3 ( CE3) was successfully soft landed on the Moon on Saturday December 14 2013. The descent camera on—
board lander acquired a large amount of descent images during the landing process. In addition to visualization of the landing
process to the public these images are supportive for pinpointing locations of lander and rover after landing. With a detailed analy—
sis of the geometric characteristics of these sequence descent images we propose a method to recover the descending and landing
trajectory using descent images with bundle adjustment techniques.

Descending and landing trajectory can provide critical information of the motion state of lander during safe landing. So far
there is no report of recovery of descending and landing trajectory using descent images for Lunar or Mars landers. In this paper we
study the capability of trajectory recovery using CE3 descent images. By fully utilizing the information of descent images we r
econstruct the trajectory and the three-dimensional terrain model of the CE3 landing area. We provide a new approach to obtain-
ng the lander’s states in entry descending and landing phases. The derived Digital Terrain Model ( DTM) of landing area is of
very high resolution and valuable in mission operations and scientific investigations.

The method includes the following steps: (1) SIFT-based image matching is performed among the sequence images. (2)
Match-i ng gross errors are eliminated by a RANSAC algorithm and the remaining matched points are used as tie points to form an
image network. (3) Bundle adjustment of the image network is performed with control points which were acquired by matching the
d escent images with a Digital Ortho Map ( DOM) generated from CE-2 images previously. As the output of bundle adjustment the
descending and landing trajectory is obtained which includes the positions and attitudes of the lander when the descent images were
taken. Based on the recovered trajectory the lander’s states on entry descending and landing can be analyzed. DOM and DEM
with much higher resolution than orbiter images have also been generated from the descent images.

We obtain 26 control points and 18 check points from 1.5 m resolution DOM and 4 m resolution DEM. The points are incorpo—
rated in the bundle adjustment. The RMS of control points and check points are 0. 60 m and 0. 75 m respectively. Based on the
trajectory obtained from bundle adjustment the lander’s motion state is analyzed in which the speed curve and acceleration curve
can reveal the engine thrust changes. The Digital Surface Model ( DSM) with a resolution of 0.4 m has been produced and has
been used in rover path planning and other mission operations. This method has been proved effective through applications in CE-
3 m ission.

Key words: Change-3 mission descent image trajectory recovery bundle adjustment three—dimensional reconstruction



