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ABSTRACT:

At 13:11 (GMT) December 14, 2013 Chang’e 3 (CE-3) successfully landed at 19.51 WV, 44.12N northwestern Mare Imbrium on the
Moon, making it China’s first planetary mission to land on a celestial body other than Earth. CE-3 explore comprises a lander and a
rover. It carries eight scientific instruments onboard, including the descent camera on the lander, and the panoramic camera on the
rover. These cameras imaged the topographic features around the landing site. This paper mainly presents the digital terrain model
reconstruction techniques for the panoramic camera. Image pairs obtained during the first lunar day are used to reconstructed 3D
Digital Terrain Models of 0.02 m resolution near observation points E and S3. The maps have been extensively used to support Yutu
operations and strategic planning of the mission. The preliminary scientific exploration planning of the Yutu rover for the second

lunar day has been made.

1. INTRODUCTION

At 13:11 (GMT) December 14, 2013 Chang’e 3 (CE-3)
successfully landed at 19.51<W, 44.12N northwestern Mare
Imbrium on the Moon, making it China’s first planetary mission
to land on a celestial body other than Earth. Approximately
seven hours after landing, the Yutu rover separated from the
lander at 20:35 GMT of December 14.

CE-3 explore comprises a lander and a rover. It carries eight
scientific instruments onboard, including the descent camera,
the terrain camera, the Lunar-based ultraviolet telescope(LUT),
and the Extreme ultraviolet(EUV) camera on the lander, and the
panoramic camera(PCAM), the lunar ground penetration radar,
the alpha particle X-ray spectrometer(APXS), and the infrared
spectrometer on the rover. The descent camera, the terrain
camera and the panoramic camera imaged the topographic
features around the landing site.

Precsie location and topography of the landing site is critical for
planetary rover missions. Employing images obtained by the
descent camera and stereo images by the panoramic camera, we
have located the lander on 1.5 m/p Chang’e 2 (CE-2) images
and constructed 3D terrain models of the landing area. In this
paper, the data processing of the digital terrain model
reconstruction and some results are discussed. And also the
preliminary scientific exploration planning of the Yutu rover is
presented.

2. DATA PROCESSING AND RESULTS

The Panoramic cameras are one of the rover’s major scientific
payloads, equipped with two similar components. The left and
right panoramic camera are mounted on both sides of rover mast,
along the forward direction. The angles between the camera
optical axis are 1 degree, and the relative positions of the two
cameras had been accurately calibrated in laboratory.

After the rover mast is fully extended, the camera principal
point is about 1.6m above the lunar surface. This set of two
cameras forms a "binocular" optical instruments. The length
between principal points is defined as baseline, similar to the
human eye base. Based on the binocular imaging principal, the

acquired right and left cameras constitute a stereo image pair.
By measuring the homologous points coordinates on the stereo
image pair, the parallax are calculated, and the 3D coordinates
of target can be reconstructed(Li et al, 2004). The panoramic
cameras map the 3D lunar surface around Yutu rover by mast
pitching and yawing. Table.1 shows the main information of the
panoramic camera.

Parameter name Parameter value

visible
color or panchromatic
imaging (switchable)

wavelength
imaging mode

3~w

23521728 (color)

imaging distance (m)

pixel number
1176>864 (panchromatic)
o 7.4um (color)
pixel size )
14.8um (panchromatic)
FOV (°) 19.7%14.5°
quantized value (bit) 10

Table 1. Panoramic camera Performance

During Yutu first lunar day observation (December 15-25),
the Yutu rover travesed from the lander-rover separation point
to make a semi-circle around the lander, allowing the
panoramic camera onboard Yutu to obtain color images of the
lander. Subsequently the panoramic camera obtained 112 and
56 image pairs of the surrounding terrain at observation points
S and E3, respectively. Based on these image pairs, we have
reconstructed 3D Digital Terrain Models of 0.02 m resolution
near points S(Figure 2) and E3(Figure 3). Data processing in
shown in Figure 1.
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Figure 1. Data Processing Flow Diagram

Figure 2. Reconstructed DEM and DOM near points S3
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Figure 3. Reconstructed DEM and DOM near points E.

The Rover fell asleep on December 25th, 2013, and completed
the exploration mission of the first lunar day. And it is located
at S3 point, about 30m south of the lander. With the image data
of panoramic camera, terrain camera(TCAM) and landing
camera(LCAM) obtained during the first lunar day, we analyzed
the terrains, landforms and interesting detection points of the
landing site(Tang et al, 2006). Furthermore, we made the
scientific plans for the rover detection during the second lunar
day(Figure 4).
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Figure 4. The preliminary scientific exploration planning of the
the Yutu rover.
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3. PRELIMINARY RESULTS

During its first lunar day observation (December 15-25), the
Yutu rover travesed from the lander-rover separation point to
make a semi-circle around the lander, allowing the panoramic
camera onboard Yutu to obtain color images of the lander.
Subsequently the panoramic camera obtained 112 and 56 image
pairs of the surrounding terrain at observation points E and S3,
respectively. Based on these image pairs, we have reconstructed
3D Digital Terrain Models of 0.02 m resolution near points E
and S3 (Fig. 2), and made the preliminary scientific exploration
planning of the Yutu rover based on these data.
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