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Inconsistency Analysis of CE-1 Stereo Camera Images and Laser Altimeter Data
ZHAO Shuangming',LI Deren’ ,MOU Lingli’*

1. School of Remote Sensing and Information Engineering, Wuhan University, Wuhan 430079.China; 2. State Key Laboratory for
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Observatories, Chinese Academy of Sciences, Beijing 100012, China

Abstract.Direct georeferencing to CE-1 laser altimetry data results in relatively low resolution and accuracy for
lunar’s DSM. The use of laser altimetry data to improve three-line array CCD data positioning accuracy is an
effective method. An analysis approach of stereo image and laser altimeter data inconsistency is proposed which
project each CE-1 laser footprints to CE-1 CCD three scan images using their exterior orientation parameters
obtained from satellite auxiliary data about time and the laser footprints moon-fixed coordinate. The inconsistency
analysis is for the purposes of subsequent lunar image and laser altimeter data combined adjustment constraints.
Some useful conclusions are drawn by analyzing inconsistency experiments. The results show that the CE-1 laser
altimeter ranges are expected to be incorporated into the bundle adjustment as measurements to improve accuracy
of CE-1 image photogrammetric reduction in the next step.

Key words: CE-1 three-line-array CCD sensor; laser altimeter; data inconsistency; back projection; adjustment
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Tab.2 Coordinates of laser footprints in moon-fixed reference frame
1D o /km Xr/km Yr/km Zr/km h/m lon/rad lat/rad
1489 204. 439 1134.419 —1227. 445 467.944 —1744. 900 —0.824 764 76 0.272 984 33
1490 204. 440 1134. 149 —1227.185 469. 312 —1736.948 —0.824 778 53 0.273 801 99
1508 204. 943 1122.653 —1216.031 522. 405 —1891. 682 —0. 825 304 83 0. 305751 65
1509 204,954 1122. 346 —1215.732 523. 754 —1893. 440 —0. 825318 55 0.306 567 14
-1600 "
-1630 ’ ’ CE-1
-1660
= ﬂ
w-1750 ]
21450 k
—1840 12 ) 1.4 km ;
“1838 12 : 12
22500 226002270022 800 2290023 00023100
image line index ’
s o 1501 1502
4
. . . L . 36 , 2 R
Fig. 4 Linear profile of laser footprints in nadir
image space 0 (
) ,
b b
b
° b
5.3
A b b
b b
~ b Y
5 o
s . o Levell
2264
, . 2 .
b
2 o
i 6
% 1497
*1498
+ 1499
1500 ’ >
v15l'l| .
1502 o
1503
1504
] 1505 o
1’1?3?
1500 H
(a) WIEAR-F  (b) PHLEE-N (o) RHESE1E-B .
5 0.7 . ) o s
Fig. 5 Laser footprints back projection( 0.7 zoom
rate display, partial image of the windows)
5. 4 CE_l N o
5 , Al XF .



6 , :CE1

755

Yr,Zp) . o(1);
L,
S(Xs (), Ys (1), Zs (1))
F,=p(t)—
(Xe—=Xs W)+ X —Ys (D) +(Zp—Zs(1))*
=0 D)
o
(£5m) o
CE-1
40% , N
o , 1.4 km,
120 m,
12 (1. 4 km/120 m) ;
N 500
(200 km X< tanl6. 7°/120 m) , )
7
( . )
CE-1
. . CE-1
12
s 1.4 km;® CE-1
2 ;
©)

[1] YANG Weilian, ZHOU Wenyan. Orbit Design for Lunar
Exploration Satellite CE-1[]]. Spacecraft Engineering,
2007,16(6) :16-24. ( s

[J]. ,2007,16(6) :16-24.)

[2] ZHAO Baochang., YANG Jianfeng, WEN Desheng, et al.
Design and On-orbit Measurement of Chang’ E-1 Satellite
CCD Stereo Camera [ J]. Spacecraft Engineering. 2009,
18(1) :30-36. ( s s s

CCD [J]. 2009,

18(1) :30-36.)

[3] PING Jingsong, HUANG Qian, YAN Jianguo, et al. Lunar
Topographic Model CLTM-s01 from Chang’ E-1 Laser
Altimeter[J]. Scientia Sinica Pysica, Mechanica &. Astro-
nomica, 2008, 38(11):1601-1612. ( s s s

CLTM-s01[J]. G
38(11):1601-1612.)
[4] LI Chunlai, LIU Jianjun, REN xin, et al. CE-1 Moon Image

,2008,

Data Processing and Image Mapping[J]. Scientia Sinica
Terrae, 2010, 40(3):294-306. ( , s s
0.
, 2010, 40(3):294-306.)

[5] YE Peijian, SUN Zezhou, RAO Wei. Research and Deve-
lopment of Chang’ E-1[J]. Spacecraft Engineering, 2007,
16(6):9-15. ( s s

(1. ,2007, 16(6):9-15.)

[6] SHAN J, LEE D S, YOON J S. Photogrammetric Re-
gistration of MOC Imagery with MOLA Data[ C] // Procee-
dings of Joint International Symposium on Geospatial Theory,
Processing and Applications. Ottawa:[s. n. ] ,2002; 8-12.

[7] SEIDELMANN P K. Report of the lau/lag Working Group
on Artographic Coordinates and Rotational Elements of the
Planets and Satellites: 2000[J]. Celestial Mechanics and
Dynamical Astronomy, 2002, 82(1). 83-111.

[8] ABSHIRE ] B, SUN Xiaoli, AFZAL R S. Mars Orbiter
Laser Altimeter:Receiver Model and Performance Analysis
[J]. Applied Optics » 2000, 39(15) ;2449-2460.

[9] ZHAO Shuangming, LI Deren. Geometric Pre-process of
ADS40 Image [J]. Geomatics and Information Science of
Wuhan University, 2006, 31(4):308-311. ( ,

. ADS40 (1]
, 2006, 31(4):308-311.)

[10] WANG Mi, HU Fen, WANG Haitao. A Fast Algorithm
for Back Project Calculation of Linear Array Pushbroom
Imageries Based on Object-space Geometric Constraints
[J]. Acta Geodaetica et Cartographica Sinica, 2008,
37(8): 384-390. ( B s

[l
, 2008,37(8): 384-390.)

: 2011-07-01
: 2011-09-08
(1966—), ) ,

First author: ZHAO Shuangming (1966—), male, PhD,
associate professor, majors in the aerospace remote
sensing imagery geometric processing,lunar and Mars
mapping technology.
E-mail: smzhao2000@126.com



