


v

Contents

Preface..................................................................................................................... vii
Biography.................................................................................................................ix
Contributors.............................................................................................................xi

1.	 Lunar Geodesy and Sensing: Methods and Results from Recent 
Lunar Exploration Missions..........................................................................1
Shuanggen Jin, Sundaram Arivazhagan, and Tengyu Zhang

2.	 Improvement of Chang’E-1 Orbit Accuracy by Differential and 
Space VLBI...................................................................................................... 19
Wei Yan, Shuanggen Jin, and Erhu Wei

3.	 Laser Altimetry and Its Applications in Planetary Science.................53
Hauke Hussmann

4.	 Photogrammetric Processing of Chang’E-1 and Chang’E-2 
STEREO Imagery for Lunar Topographic Mapping.............................. 79
Kaichang Di, Yiliang Liu, Bin Liu, and Man Peng

5.	 Integration and Coregistration of Multisource Lunar 
Topographic Data Sets for Synergistic Use..............................................99
Bo Wu, Jian Guo, and Han Hu

6.	 Estimates of the Major Elemental Abundances with Chang’E-1 
Interference Imaging Spectrometer Data............................................... 121
Yunzhao Wu

7.	 Lunar Clinopyroxene Abundance Retrieved from M3 Data 
Based on Topographic Correction............................................................ 159
Pengju Guo, Shengbo Chen, Jingran Wang, Yi Lian, Ming Ma, and 
Yanqiu Li

8.	 Martian Minerals and Rock Components from MRO CRISM 
Hyperspectral Images��������������������������������������������������������������������������������� 177
Yansong Xue and Shuanggen Jin

9.	 Anomalous Brightness Temperature in Lunar Poles Based on 
the SVD Method from Chang’E-2 MRM Data�������������������������������������� 213
Yi Lian, Sheng-bo Chen, Zhi-guo Meng, Ying Zhang, Ying Zhao, and 
Peng-ju Guo

Book 1.indb   5 6/2/2014   8:40:05 PM



vi Contents

10.	 Mercury’s Magnetic Field in the MESSENGER Era����������������������������� 227
Johannes Wicht and Daniel Heyner

11.	� Lunar Gravity Field Determination from Chang’E-1 and Other 
Missions’ Data���������������������������������������������������������������������������������������������� 267
Jianguo Yan, Fei Li, and Koji Matsumoto

12.	� Martian Crust Thickness and Structure from Gravity and 
Topography��������������������������������������������������������������������������������������������������� 297
Tengyu Zhang, Shuanggen Jin, and Robert Tenzer

13.	� The Theory of the Lunar Physical Libration with a Liquid Core������ 315
Yuri Barkin, Hideo Hanada, Jose Ferrandiz, Koji Matsumoto, 
Shuanggen Jin, and Misha Barkin

Index���������������������������������������������������������������������������������������������������������������������� 377

Book 1.indb   6 6/2/2014   8:40:05 PM



vii

Preface

The planetary science is dedicated to exploring the origin, formation, and 
evolution on Mercury, Venus, Earth, Moon, Mars, Saturn, and Jupiter..., and 
seeking life beyond Earth. The planetary exploration provides most impor-
tant direct observations and constraints on planetary structure and dynam-
ics as well as evolution, particularly planetary geodesy and remote sensing, 
for example, Very Long Baseline Interferometry, Laser Ranging, Laser 
Altimetry, microwave radiometers, Mineralogy Mapper, and other sensors. 
In the 1960s, the United States made its first attempt to obtain closer images 
of lunar surface with Ranger series, and particularly the successful land-
ing of the lunar Apollo 11 mission in 1969 was a scientific milestone. After 
that, more and more explorations on the moon, Mars, Venus, Jupiter…, have 
been conducted over the world, such as the recent lunar SMART-1, SELENE, 
ChangE-1/2/3, Chandrayaan-1, LRO/LCROSS and GRAIL, Mars Global 
Surveyor, Mars Express, Mars Odyssey, Mars Reconnaissance Orbiter, 
Venus Express, Phoenix, and planning missions. These explorations pro-
vided new understanding and insights on the planetary atmosphere, space 
environments, surface processes, evolution and interior structure, as well as 
dynamics.

However, the recent results from various missions are challenging our 
previous understanding on the moon and other planets, such as the iden-
tification of ice, OH/H2O, and new mineral components. For example, the 
early results showed that the moon and some planets have practically no 
atmosphere and lost its thermal energy in the initial stages of formation, so it 
has undergone meager change from its earlier formation unlike Earth, which 
has undergone drastic changes. Therefore, Moon and other planets have lots 
of long-standing questions, such as planetary environments, origin, forma-
tion and evolution, magnetization of crustal rocks, internal structure, and 
possible life. Furthermore, the high-resolution topography, gravity and mag-
netic field, surface processes, and interior activities of planets are not clear. 
One of the main factors is the lack of high-precision and -resolution geodetic 
and remote-sensing techniques. The planetary geodesy and remote sensing, 
with higher spatial and spectral resolution, from recent planetary missions 
provided new opportunities to explore and understand Moon and planets in 
more detail. In this book, the methods and techniques of planetary geodesy 
and remote sensing are presented as well as scientific results on probe orbit, 
topography, gravity field, crustal thickness, mineral components, major ele-
ments, clinopyroxene, and physical libration of planets.

This book provides the main techniques, methods, and observations of 
planetary geodesy and remote sensing as well as and their applications in 
planetary science for planetary explorer and researchers who have geodetic 
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and remote-sensing background and experiences. Furthermore, it is also use-
ful for planetary probe designers, engineers, and other users’ community, 
for example, planetary geologists and geophysicists. This work is supported 
by the National Basic Research Program of China (973 Program) (grant no. 
2012CB720000) and Main Direction Project of Chinese Academy of Sciences 
(grant no. KJCX2-EW-T03). Meanwhile, we would like to gratefully thank the 
Taylor & Francis/CRC Press for their processes and cordial cooperation to 
publish this book.

Shuanggen Jin
Shanghai Astronomical Observatory  

Chinese Academy of Sciences
Shanghai, China
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