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Chang’e-4 lander localization based on multi-source data
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Abstract: High precision localization of Chang’e-4 lander is critical to support safe and efficient mission operations. This paper presents the
lander localization techniques, including image feature matching and monoscopic image measurement, using digital orthophoto maps of
Chang’e-2 and LROC NAC images, descent camera images and monitoring camera image of Chang’e-4 lander. The lander location is pre-
cisely determined to be (177.588°E, 45.457°S) using these techniques. Localization of the lander in multiple datasets is valuable for syner-

gistic scientific investigation of the landing site.
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Chang’e-4 (CE-4) is one of the key missions in
the Chinese Lunar Exploration Program (Jia et al.,
2018). With the support of the Queqgiao (Magpie
Bridge) CE-4
successfully landed on the far side of the moon in Von
Kérmén crater inside the South Pole-Aitken (SPA)

basin at 10:26 am on January 3, 2019. The rover was

relay satellite, lunar probe has

successfully released from the lander and touched on
the lunar surface on the same day. The success of this
task marked the first soft landing of human spacecraft
on the far side of the moon, which opened a new era
of lunar exploration.

CE-4 lander localization is a fundamental work to
support mission operations and science applications.
High precision lander localization is of great
significance for mission planning and safe and
efficient implementation of the plans (Jia et al., 2014;
Wan et al, 2014; Liu et al.,, 2015). In addition,
determination of lander location in multiple datasets is
particularly important for synergistic use of these

datasets in scientific investigation of the landing site.

Received: 2019-01-06; Version of record first published: 2019-01-09

In the CE-4 mission operations, the Planetary
Remote Sensing team of State Key Laboratory of
Remote Sensing Science has been participating in the
teleoperation tasks in Beijing Aerospace Control
Center. Based on digital orthophoto maps (DOMs)
generated from multiple orbital images, descending
images from the lander’s descent camera, and the
ground image from the lander’s monitoring camera,
we have determined the lander location with high
precision, using techniques of image feature matching,
monoscopic image measurement, etc. The lander
localization result has been used to support mission
operations. In this short article, we briefly present the

lander localization techniques and the results.
1 DATA

The high-resolution DOMs

orbital images are used as the reference maps for CE-4

generated from

lander localization. At present, Chang’e-2 (CE-2)

orbital image data is the highest-resolution stereo
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image data that covers the entire moon surface (Ye et
al., 2013). The 7 m resolution DOM and 20 m
resolution digital elevation model (DEM) products of
the entire moon have been produced and released (Li
et al., 2018). The Lunar Reconnaissance Orbiter
Camera (LROC) Narrow Angle Camera (NAC) has
acquired high resolution (up to 0.5 m) images of
nearly the entire moon. Because the LROC NAC is
not a stereo imaging camera, it only acquired stereo
images by side swing in a very limited number of
regions (Robinson et al.,, 2010). The SLDEM2015
(Barker et al., 2016), generated by integration of a
DEM generated by the Japanese Selenological and
Engineering Explorer (SELENE) terrain camera and
product of Lunar Reconnaissance Orbiter Laser
Altimeter (LOLA), was also utilized for terrain
analysis and sky visibility analysis.

A downward-looking descent camera identical to
that on Chang’e-3 is mounted in the bottom of CE-4.
The field of view (FOV) is 45.4° with the image size
of 1024x1024 pixels (Liu et al., 2015; Wan et al.,
2014; Liu et al., 2014). The camera took a series of
images during the descending process. However,
because of the limitation of the communication
bandwidth, the strategies of selective sampling and
image compression with a ratio of 1 : 64 were used
when transferring the descent images for quick view.

Three monitoring cameras, which have the image
size of 1024x1024 pixels and 60° FOV, are mounted

on the lander of CE-4. Monitoring cameras A and B

Fig. 1

During the mission, monoscopic measurement

technique was applied to monitoring camera C

are on the top of the lander, and monitor camera C is
on the front panel of the lander with pitch angle of 15°
and height of 1.42 m. Monitoring camera C can
surveille the front view of the lander, which provides
important information for safe separation of the rover

from the lander.

2 LANDER LOCALIZATION
TECHNIQUES AND RESULTS

A rough location of the lander is first determined
by matching a medium resolution (similar to that of
the orbital DOM) descent camera image to the orbital
DOM. Next, the lander location is transferred to other
descent images by sequential image matching. Finally,
the lander location is refined by combining the
monoscopic measurements from the monitoring
camera image (Wan et al., 2014; Liu et al., 2015).

Because the descent images have been heavily
compressed and even have some mosaic effects, these
images have been pre-processed with the parabolic
model to enhance the image quality and consequently
to improve the image matching accuracy. For
comparison purpose, the descent images are matched
to both CE-2 and LROC NAC DOMs. Figure 1 shows
the image matching results, the middle image is a
descent image taken at about 4 km altitude, the left
and right images are the CE-2 and LROC NAC DOMs
respectively. The labels A, B and C are the matched

corresponding craters for lander localization.

Feature matching results of multiple data

(referred as the monitoring camera) in order to

accomplish a series of tasks, including distance
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measurement from the lander, obstacle size
measurement, and calculations of the illumination and
These

measurements supported the decision making for

communication  occlusion  envelopes.
rover-lander separation and high precision lander
localization. More specifically, under the assumption
that the front of the landing point is a horizontal plane,
with monitoring camera image coordinates, its object
space coordinates in the lander local coordinate
system can be calculated according to the lander
position and orientation and the camera installation
matrix. Then the sizes of the rocks and impact craters
as well as their distances to the lander can be
calculated (Zhao et al., 2014). Based on the same
method, the illumination and communication
occlusion envelopes can be calculated according to the
azimuth and elevation angles of the sun and the relay
satellite, in order to avoid that the rover enters the
lander-induced shadow or blind zone of communication
when the rover is separated from the lander. Figure 2
shows the monoscopic measurement results, in which
the white lines indicate the distances to the front panel
of the lander, and the diameter of the front crater is

about 29 m.

Fig.2 Monoscopic measurement results of the monitoring
camera image(The white lines indicate the distances to the front
panel of the lander, and the diameter of the crater is about 29 m)

Finally, the lander location was refined by
combing the measurement results from the monitoring
camera image and high resolution descent images. The
lander location was precisely determined to be
(177.588°E, 45.457°S) on the LROC NAC DOM.
Meanwhile, the lander location was also determined
on CE-2 DOM and SLDEM?2015. Figure 3 shows the
CE-4 lander localization maps based on LROC NAC
DOM, in which the right map is the zoom-in view of

the rectangle in the left map.

Fig. 3 CE-4 lander localization result on LROC NAC DOM

3 CONCLUSION

This paper presented the techniques of CE-4
lander localization using orbital basemaps, descent

images and monitoring camera image. The lander

location was determined to be (177.588°E, 45.457°S)
on the LROC NAC DOM. Meanwhile, the lander
location was also determined on CE-2 DOM and
SLDEM?2015. High precision lander localization in

multi-source data is valuable to support mission
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operations and synergistic scientific investigation of
the landing site.
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