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Abstract Chang’e-3 (CE-3) landed on the Mare Imbrium basin in the eastpart of
Sinus Iridum (19.51◦W, 44.12◦N), which was China’s first soft landing on the Moon
and it started collecting data on the lunar surface environment. To better understand the
environment of this region, this paper utilizes the available high-resolution topography
data, image data and geological data to carry out a detailed analysis and research on the
area surrounding the landing site (Sinus Iridum and 45 km×70km of the landing area)
as well as on the topography, landform, geology and lunar dust of the area surrounding
the landing site. A general topographic analysis of the surrounding area is based on
a digital elevation model and digital elevation model data acquired by Chang’e-2 that
have high resolution; the geology analysis is based on lunargeological data published
by USGS; the study on topographic factors and distribution of craters and rocks in the
surrounding area covering 4 km×4 km or even smaller is based on images from the
CE-3 landing camera and images from the topographic camera;an analysis is done of
the effect of the CE-3 engine plume on the lunar surface by comparing images before
and after the landing using data from the landing camera. A comprehensive analysis
of the results shows that the landing site and its surrounding area are identified as
typical lunar mare with flat topography. They are suitable for maneuvers by the rover,
and are rich in geological phenomena and scientific targets,making it an ideal site for
exploration.
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1 INTRODUCTION

On 2013 December 14, at 13:11:13 (UTC), China’s first lunar probe to make a soft landing, Chang’E-
3 (CE-3), touched down on the east edge of Mare Imbrium besidea crater with a diameter of 430 m
in the east part of Sinus Iridum (19.51◦W, 44.12◦N, elevation: –2615 m). To better understand the
environmental conditions on and around the landing site, this paper compiles the associated data on
morphology and geology. However, analysis of available high-resolution image data on morphology
at the CE-3 landing site is still limited, with only one imagefrom CE-2 covering the area with a
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Fig. 1 Schematic map showing coverage of the CE-3 landing site taken by high resolution
images with CE-2 and LRO.

resolution of 1.5 m (CCD stereo camera), captured at 13:27:15, 2013 October 27 (UTC), at a solar
elevation of33.01◦. In addition, there are six images from the Lunar Reconnaissance Orbiter (LRO)
with resolution ranging from 1.1 m–1.7m. Among these LRO data, images taken by the Narrow
Angle Camera were recorded during a long duration survey of the Moon from 2009 July 15 to 2013
July 27 at solar elevation angles between9.37◦ and45.62◦1. The spatial distribution of the high
resolution remote sensing image data is shown in Figure 1.

In addition, some images captured by the CE-3 probe could also be utilized for topographic anal-
ysis of the landing site, which include: (1) landing camera images. During the soft landing process
of CE-3, the landing camera captured 4673 continuous images(10 frames per second) from a height
of 12 km to the landing. Within 7 min, the range of area constantly narrowed down from hundreds
of square kilometers to only a few square meters, and the region represented by a pixel in the central
images decreased from meters to millimeters; (2) topography camera images. After the Yutu rover
successfully deployed from the CE-3 lander on 2013 December15, the topographic camera (carried
by the lander) and the panoramic camera (carried by the rover), captured clear images of the landing
site from a close distance (Tan et al. 2014; Liu et al. 2014; Wang et al. 2014; Ren et al. 2014; Ip et
al. 2014).

In terms of geologic analysis, the data were mainly collected from the I-703 Lunar Geologic
Renovation (2013) map with a scale of 1:5000000, which was published by the USGS2.

Based on these data, this paper uses data from the CE-2 1.5 m digital orthophoto map (DOM)
as the georeference map, applies geometric registration tothe LRO images and images from the
CE-3 landing camera, and also utilizes high resolution remote sensing data combined with images
taken during the landing process by CE-3. This paper analyzes the surrounding environment and
topographic characteristics of the landing site.

In the remainder of this article, Section 2 introduces the basic environment surrounding the
landing site. Section 3 describes the topography and landforms around the landing area, and then
Section 4 analyses the effects of the engine plume from CE-3 on the lunar dust. Finally Section 5
gives a conclusion.

1 http://lroc.sese.asu.edu/data/
2 http://astrogeology.usgs.gov/search/details/Moon/Geology/Lunar Geologic GIS Renovation March2013/zip
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2 ENVIRONMENT SURROUNDING THE LANDING SITE

To have a comprehensive understanding of the environment surrounding the landing site, this paper
mainly analyzes and studies the environmental conditions of Mare Imbrium and the area that is
45 km×70km around the landing site.

By compiling and georeferencing images taken by CE-2 (with resolution 7 m), a local high
resolution image from CE-2 (orbit number 0236, resolution 1.5 m) and images from the landing
camera on CE-3, this paper generates a map of the topography around the landing site and its sur-
rounding area. The coverage is shown in Figure 2. In the map, the CE-3 landing site (see the red

Fig. 2 Diagram showing the location of the CE-3 landing site. The highlighted region corre-
sponds to the blue region in Fig. 1

Fig. 3 Geological map of the CE-3 landing site.
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five-pointed star) is in the northern part of Mare Imbrium, tothe south of the Montes Recti range at
an approximate distance of 120 km; the nearest named place from the landing site is crater Laplace F,
which is about 41 km away towards the north. The landing site is geographically located at19.51◦W,
44.12◦N, with an elevation of –2615 m, which is found to be nearby thepre-selected landing areas
(area outlined in red in Fig. 2, 356 km×91 km). The area surrounding the landing site is typical lunar
mare with low albedo compared to areas with high albedo in thenorth.

In order to understand the geological properties of the landing site, we make a geologic map of
the CE-3 landing site, using the 1:5000000 Lunar Geologic Renovation (2013) map I-703 published
by USGS3, and add the corresponding place name from Li et al. (2013), see Figure 3. When the
geologic map is adjusted to and compared with the image data,it can be determined that the location
of the CE-3 landing site is within the border of two basalt strata, and the landing site is in the
Eratoshenian basalt stratum. The northern part of the landing area is in an area with basalt stratum
in Mare Imbrium (Wilhelms & McCauley 1971).

In order to more clearly reveal the topographical and geological features of the landing site,
setting the CE-3 landing site as the central point, this paper performs an additional analysis of the
45 km×70km area around the landing site, utilizing 7 m DOM and 21 m digital elevation model
(DEM) data derived from CE-2 images.

The topographic situation of this specific 45 km×70km area near the landing site is shown in
Figure 4. Coinciding with DEM and contour lines (at intervals of 20 m), we can see that the CE-
3 landing site is on the edge of a plateau in the mare, with the large-scale gradient of inclination
being in the direction northeast-southwest. The southern part is higher than the northern part, with
the middle part being the highest. The contour in the center of the map shows characteristics of a
plateau in the mare that is narrow and slender, see Figure 4(a). In this area, a steep slope appears at
the edge of some craters, but the area between the craters is relatively flat with a shallow slope, see
Figure 4(b).

After applying processing that sharpened the image (with a 2% linear stretch), the image (Fig. 5)
clearly reflects the distribution of albedo and lithology. In this figure, we can see that the CE-3
landing site is located in the Eratoshenian basalt stratum and it has a low albedo, with a low density
of craters. However, 10 km north of the landing site is a region of Mare Imbrium that has a high
albedo and high crater density. By analyzing a distributionmap of the component materials (Ling
et al. 2013; Ouyang 2005; Wilhelms & McCauley 1971) capturedby data from the CE-1 imaging
interferometer, it is found that the basalts at the landing site are high titanium basalts, which contain
17.4% FeO and 6.6% TiO2.

3 TOPOGRAPHY AND LANDFORMS AROUND THE LANDING AREA

In these scientific exploration activities, topography andlandforms around the CE-3 landing site
will profoundly affect planning the scientific mission and the safety of the Yutu rover in addition
to providing basic data for geological analysis. To gain a thorough understanding of this area, this
paper uses image data, with a resolution of 1.5 m captured by CE-2, to carry out a more detailed
analysis of the topography and landforms in the 4 km×4 km area around the landing site and local
areas covered with higher resolution images.

3.1 Topographical Analysis in a 4 km×4 km Area around the Landing Site

The topography of the 4 km×4 km area around the landing site is flat at an average elevation of
−2639m. The overall terrain of this local area shows an inclining trend from west to east, and the
summit is located in the northeast at an elevation of−2674m. The lowest point is located at the
bottom of the southeast crater, with a discrepancy in elevation of 71 m (see Fig. 6).

3 http://webgis.wr.usgs.gov/pigwad/down/moon geology.htm
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(a) (b)

Fig. 4 Topographic map and clinometric map.

For a further topographical analysis of this area, this paper uses 1.5 m DOM data from CE-2 to
detect and analyze craters with a diameter larger than 5 m, aswell as their slope and topographic
waviness.

3.1.1 The distribution of craters

Utilizing the crater data extracted from DOM with a resolution of 1.5 m, we can see that there are
10 514 craters with diameters larger than 5 m, 3222 larger than 10 m and 15 larger than 200 m. The
largest craters are located in the southeast, north and west, with diameters of 510, 490 and 430 m
respectively (see Fig. 7).

We plot the distribution frequency curve for craters in thisarea with the method described by
Michael & Neukum (2010) (see Fig. 8), which indicates that the frequency of craters with a diameter
smaller than 10 m seems to be low, and it might be caused by the fact that the detection rate decreases
with the diameter of the crater decreasing. An inflection point appears at 10 m, and the distribution
frequency of craters with a diameter larger than 10 m appearsto decrease linearly with a slope of
–2.1. The distribution frequency of craters in this area generally conforms to the previously observed
distribution of lunar mare craters (NASA 1969).

3.1.2 Topographic waviness analysis

Topographic waviness is a vital indicator to describe the depth of topographic modeling. Based
on the CE-2 DEM data with a resolution of 1.5 m and a 3×3 pixel window (4.5 m×4.5 m), this
paper calculates the topographic waviness by the difference between the maximum elevation and the
minimum elevation. The equation used for calculation is shown as follows (Dolan 1971)

W = Emax − Emin, (1)
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Fig. 5 An image of the CE-3 landing site.

Fig. 6 A topographic map of the CE-3 landing site.

whereW represents topographic waviness,Emax denotes the maximum elevation andEmin stands
for the minimum elevation.

The maximum topographic waviness around the CE-3 landing site (4 km×4 km) is 4.89 m and
the minimum is 0 m, with an average of 2.44 m. It can be seen (Fig. 9) that 98% of the topographic
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Fig. 7 Distribution of craters around the landing site.

Fig. 8 Distribution frequency curve of the crater diameters around the CE-3 landing area.

waviness in this area is below 1 m, and the topographic waviness higher than 1 m is distributed either
on the inner edge or steep wall of craters, but the topographic waviness at the bottom of craters is
relatively small (see Fig. 10).

3.1.3 Topographic slope analysis

Topographic slope represents the steepness of the surface terrain. In the DEM raster data, a certain
pixel is usually combined with eight adjacent pixels to forma slope, and the slope is calculated by
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Fig. 9 Cumulative distribution of the topographic waviness around the landing site.

Fig. 10 The distribution map of topographic waviness at the landingsite.

dividing the difference in height along the east-west direction by the difference in height along the
north-south direction (see Fig. 11). As the figure shows, theequation for calculating the slope of
pixel ‘e’ is as follows:

dz/dx =
[

(c + 2f + i) − (a + 2d + g)
]

/(8 × L), (2)

dz/dy =
[

(g + 2h + i) − (a + 2b + c)
]

/(8 × L), (3)

S = tan−1
√

(dz/dx)2 + (dz/dy)2. (4)

In Equations (2) and (3),a ∼ i stands for the elevation of each pixel,L denotes the size of the pixel,
dz/dx represents the slope in the east-west direction (x) anddz/dy signifies the slope in the north-
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Fig. 11 A diagram of the slope calculation.

Fig. 12 Cumulative distribution of the slope around the CE-3 landing site.

Fig. 13 The spatial distribution of the slope at the CE-3 landing site.

south direction (y). The slope ofe is the inverse tangent of the square root of the sum of squaresof
the two slopes.S stands for slope, with its unit being degrees (Burrough & McDonnell 1998).

This paper uses CE-2 DEM data with a resolution of 1.5 m to calculate the slope of the landing
site. The statistical result shows that the maximum slope ofthe CE-3 landing site is31.0◦ and the
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Fig. 14 Coverage of the CE-3 landing camera images at the landing site.

minimum is0.0◦, with an average of15.5◦. An analysis of the distribution of slope (see Fig. 12)
shows that about 4% of this area has a slope greater than10◦, while 89% is below8◦. The region
with the larger slope is distributed on the steep walls of thecraters, while the slope at the bottom of
the craters is more moderate (see Fig. 13).

3.2 Topographic Characteristics of the Area Adjacent to the Landing Site

During the landing process of CE-3, the landing camera mounted on the lander captured images (at
10 frames per second) near the landing site. After landing, the topography camera aboard the rover
also acquired some images of the adjacent area, with a resolution greater than a centimeter. These
images have the highest resolution of the lunar surface everrecorded by humans. In order to analyze
these data in a uniform reference system, this paper uses theDOM from CE-2 as a base map, which
applies geometrical rectification to images from the landing camera, as well as matching correspond-
ing points, a process which performs the matching of landingcamera images at the landing site (see
Fig. 14), and accordingly analyzes the topographic characteristics. At the same time, images from
the topography camera were processed into a360◦ panoramic image and matched to the base map
by using the landing images, which was utilized in further study.

3.2.1 Topographic characteristics that are related to the coverage of images from the landing
camera

The coverage of images from the landing camera is shown in Figure 14. The red star signifies the
landing site, and the middle and lower segments of the map that have an irregular triangular shape
and higher resolution (10 cm in the resampled image) show thespecific coverage of the images from
the landing camera. Images with lower resolution (1.5 m) arethe CE-2 images.
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Fig. 15 Shaded relief map of the crater adjacent to where CE-3 landed.

(a) (b)

Fig. 16 (a) is the profile of elevation from the bottom of the crater tothe CE-3 landing site; (b)
is the profile of the slope from the bottom of the crater to the CE-3 landing site.

Based on images from the landing camera that are combined with topographic data near the
landing site, this paper analyzes the topography of this area. The result shows that (see Fig. 15) CE-
3 landed close to the east edge of a crater with a diameter of 430 m, about 40 m from the edge of
the crater. The highest point in the crater has an elevation of –2608m which lies at the south edge.
Although the lowest point lies in the center at the bottom andits elevation is –2662m, the relative
height is about 54 m. From the contours of the craters, it can be found that the eastern and western
parts of the crater are lower than those of the southern and northern parts.

From the bottom of the crater adjacent to the landing site, weanalyze the elevation profile and
slope. The result is shown in Figure 16. It can be seen that theelevation changes smoothly in the
crater, but the slope changes sharply, with the largest slope being22◦. The slope at the center of the
crater near the bottom and at the edge of the crater changes smoothly, but it changes sharply between
these two places.
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Fig. 17 Spatial distribution of rocks near the CE-3 landing site.

Images from the landing camera are also used in the detectionand statistical analysis of rocks
near the landing site and the edge of the crater (see Fig. 17).From the spatial distribution of the rocks,
it is obvious that rocks near the landing point are small in size but spatially more dense. However,
in the southern part of the crater, due to impacting, the rocks are bigger, with the largest one being
about 9.7 m in length.

3.2.2 Topographic analysis that is related to coverage of images from the topography camera

A 360◦ angled cylindrical panoramic image of the area around the landing site was created by mini-
mizing distortions in 60 images from three angles of the pitch (see Fig. 18(a)). From the figure, the
rocks to the east of the crater that were thrown out by the impact that created the crater and a dome in
the south are quite obvious. In addition, there is a prominent pyramid-like rock toward the southeast,
and in the back of this rock, there is a dome in the south and lots of rocks that were thrown out by the
impact. On the west side of the image, some broken rocks with high albedo can be found on the west
wall of the crater, and on the north side there are also some domes. In summary, we can conclude
that the landing site shows a declining trend from west to east, and the terrain is relatively flat with
small slopes. Lots of rocks are distributed in the south and west parts of the crater on the west side
of the landing site.

4 DETECTING THE EFFECTS OF THE ENGINE PLUME FROM CE-3 ON LUNAR
DUST

Besides lunar topography and geology, lunar dust is anotherimportant indicator about the environ-
ment of the lunar surface. By analyzing images of the CE-3 landing site as well as visible changes
before and after the landing, this paper examines the interaction between the engine plume and the
lunar surface, as well as the movement and redistribution oflunar dust.

Before the launch of CE-3 (2013 June 30) and shortly after itssoft landing (2013 December 25),
the LRO spacecraft captured two high-resolution remote sensing images (see Fig. 19), and the time
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(a)

(b) (c)

(d) (e)

Fig. 18 Image (a) is the panoramic image, and images (b), (c), (d) and(e) are images in the directions
north, east, south, and west, respectively.

(a) (b)

Fig. 19 Image of the CE-3 landing site taken from LRO, from NASA, and its resolu-
tion is 1.5 m. (a) was acquired at 03:52:49, at 2013 December 25, with a solar elevation of
13.36◦. (b) was captured at 16:21:44.241, on 2013 June 30, with a solar elevation of14.33

◦.
Generally speaking, the solar elevations in the two images are almost the same, as are the
texture and sunlight. However, in the center of (a), the lander and rover can be easily rec-
ognized. (Accessed fromhttp://www.nasa.gov/content/nasa-images-of-change-3-landing-site/ and
http://lroc.sese.asu.edu/data/LRO-L-LROC-3-CDR-V1.0).
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(a) (b)

Fig. 20 Change of brightness at the landing site before and after landing (Accessed from
http://lroc.sese.asu.edu/data/LRO-L-LROC-3-CDR-V1.0, ‘b1’ as given in Section 4 stands for the
brightness value of image (a), ‘b2’ as given in Section 4 stands for the brightness value of image (b)).

(a) (b)

Fig. 21 Brightness profiles of the landing site before and after the landing. (a) The change in bright-
ness in the east-west direction. (b) The change in brightness in the north-south direction. The origin
of coordinates for pixels is at the geometric center of the lander.

interval between the images is 178 days (6 lunar days). From the images, we can see that the color,
angle of sunlight, as well as shadows in these two images are quite similar. However, two objects
appear in the image that was taken after CE-3 landed–the one with lighter color and larger size is the
lander and the other one with a smaller size is the rover, which is south of the lander.

During the soft landing of CE-3, as a result of using backstepping in the engine for deceleration
during the landing, the engine was started at a height of about 12 km to reduce the speed, and was
shut down at a height of 2.8 m. A hot plume was fired from the engine during the whole deceleration
process and some loose objects (like lunar dust) in certain areas on the lunar surface were redis-
tributed. From the series of images taken by the landing camera, we find that the lunar dust has a
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significant rising trend at a height of about 50 m (the engine force is 2000 N). Afterwards, the lunar
dust gradually increases, and a few seconds after the engineshuts down, the image becomes clearer.

In order to study the degree and extent of the plume’s effect on objects on the lunar surface, we
analyze images captured before and after the landing, so as to detect its scope and extent. Figure 20(a)
is the change in absolute brightness calculated by using ‘b1–b2.’ Figure 20(b) is the change in relative
brightness calculated by using ‘b1/b2.’ It can be seen that within the scope of 30 pixels (45 m) to the
north, 60 pixels (90 m) to the south, 10 pixels (15 m) to the west and 30 pixels (45 m) to the east, there
are obvious changes in image brightness. Around the landingpoint, light from the image significantly
increased due to strong reflection from the solar panels (dark red areas), however, in the shadow
(dark blue areas), due to blockage by the solar panels, the reflection was less, and the brightness was
significantly reduced. By comparing the light profiles of theimages that were captured before and
after the landing (see Fig. 21), it can be found that the brightness in the image changed significantly,
and the amount of change decreased when the distance from thelander increased. The information
from these images shows that, during the landing process, the lunar dust around the landing site
was blown away by the engine plume. As a result, the shape of the lunar dust and degree of space
weathering would change, as would the albedo. According to data displayed in Figure 20, the range
of influence was about 60 m in the west-east direction and 135 min the north-south direction. The
west-east direction is longer than the north-south direction, which might be caused by the fact that
the lander descended in a direction from south to north.

According to information collected by the Apollo manned lunar exploration program, the plume
generated by the Apollo landers also blew away lunar dust (Table 1), and the initial height of the
dust was similar to that of CE-3 (Shen 2008; Costes 1970; Jaffe 1971; Scott 1973).

Table 1 The Initial Height of Dust in the Series
of Spacecrafts from the Apollo Program

Apollo No. Height
(m)

Apollo 11 24
Apollo 12 33
Apollo 14 30
Apollo 15 52
Apollo 16 18.4∼23.4
Apollo 17 18

5 CONCLUSIONS

This paper utilizes the available lunar topography, image and geology data with high resolution
(in meters), as well as image data captured by the landing camera and topography camera on CE-
3 (in centimeters) to analyze the topography, landforms, geology and lunar dust from perspectives
ranging from large spatial areas (hundreds of kilometers like Sinus Iridum and North Mare Imbrium,
45 km×75km) to a smaller scale of kilometers near the landing site (4 km×4 km) and finally to the
immediate area around the landing site in meters. Our initial conclusions are as follows:

(1) CE-3 landed on a flat lunar mare in the east of Sinus Iridum,which is located in the northern
part of the Mare Imbrium, with a longitude of19.51◦W, latitude of44.12◦N and an elevation
of –2615 m. The landing site is a high titanium basalt stratum, and its geological age is young
Eratoshenian. 10 km to the north of the landing site is the older Mare Imbrium stratum, and the
location of the landing site is in the area that is the intersection of these two strata.

(2) The landing site lies on the edge of a plateau in a flat plainwith a declining trend from west to
east, and the topographic slope and waviness of the area are low, which is typical for terrain in
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lunar mare. The crater next to the landing site has a lower difference in elevation from east to
west, but has a higher difference in elevation from south to north. There are thousands of rocks
distributed in the southern and western parts of the crater wall.

(3) The distance from the landing point to the western edge ofthe crater is 40 m. The adjacent area
is flat terrain, with landforms such as craters, domes, strata and rocks with different albedos,
which are good targets for scientific exploration.

(4) By comparing images captured before and after landing, we find that during the landing process
of CE-3, lots of lunar dust was blown away by the engine plume,and the scope of influence is
about 60 m from east to west and 135 m from south to north. Thus,this leads to a redistribution
of lunar dust and changes in space weathering on the lunar surface.
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