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Fig.1 The imaging model of camera
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{a) Image of local surface of the Moon
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(b) Reconstructed 3-D surface of the Moon
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Fig.3 3-D Reconstruction results of image of the Moon

4 Hit

P&t T —MET Lommel-Seeliger FZ 515 84 () .
05 51 5 A Bk = 4R A9 R , fEr TK
PRJE B 5T F H BR B AR AR B A g Bl bt Sr T
Lommel-Seeliger 54T B J5 & B s (9 — By A8 7R 4k v
i, REHEHAREF MM EE, &
Sz 53 I e fh Ak 3 A5 B OC T 2 IR BE Y fR B
HAE, RAE M E R TR R, 53 =4k%
T B A R R S R ) ER B S = M Rk S
B0 % R R W B B 3T 1k w7 LU A v T A BRFE T
B =HEJ AR R, 5 3CHR (7 00 5005 A, 4R HH 3 ik
AW F =0 R Lommel-Seeliger 2 5 1%
B Lambertian 18 8 950 7F & F BR 3 B2 A8 4 44
BRI FR5 3 50K v 225 43, BT LA o Bl i ) S
) 26 43 T LA IR 5 W X M R B B FE S b H BR R

= YR S R A A A R R R R 58 42 B AEY,
17 7 A0 85300 b SR R 1) B 1) 2 G DA TR 38 S 30
FARAFIRE, X EA F T SFS ik SRR A . SFS
JTERL T A R =4k i — B R IR
TEWF ST & A BR 2 1 B4R 1 69 % PR B BRSPS
Fkwrge, DL Al A BR = 40 b T2 Bl A Bl 4

S %3k .

[1] ExMAE. REAMENGSEN G ZRRE]]. &
ERF} SRR, 2004, 19(3): 351 — 358. [OUYANG Zi-yuan. Sci-
entific abjectives of Chinese lunar exploration project and development
strategy[ ] ]. Advance in Earth Sciences, 2004, 19(3): 351 — 358
(in Chinese). |

[2] Williams D R, Grayzeck E ]. The lunar data project-restoration of
apollo data for future lunar exploration] ] |, Lunar and Planetary Sei-
ence, 2006, 37: 1187 - 1224,

[ 3] Oberst ], Wahlisch M, Zhang W. New data on lunar wopography de-
rived from galileo and Clementine stereo images[]]. Lunar and Plan-
etary Science, 1996,27: 973 —974.

[4] Gordon C, Scow B, Marc F, et al. Lunar reconnaissance orbiter
overview: the instrument suite and mission|]]. Space Science Re-
view, 2007, 129(4): 391 - 419.

[ 5] Diggelen V]. A photometric investigation of the lopes and heights of
the ranges of hills in the Maria of the Moon[]]. Bull. Aswon. Inst.
Netherlands, 1951, 11(423): 283 — 289,

[ 6] Link F. Photomety of the lunar surface[]]. The Moon, 1972, 5:
265 — 285,

[7] Hom B K P. Height and gradient from shading[]]. International
Jourral of Computer Vision, 1990, 5(1): 37 -75.

[ 8] Wahler C. Shape from shading under coplanar light sources[ C]//Ras-
mussen C E, Bulthoffl H H, Giese M A, Scholkopl B (Eds. ). Pro-
ceedings of the 26th DAGM Symposium. Tubingen. Springer, 2004
278 — 285.

[ 9] Christian W, Raffaello L, Paclo L, et al. A combined spectropho-
tometric and morphometric study of the lunar mare dome fields near
Cauchy, Arago, Homersius, and Milichius[]]. Iearus, 2006, 183
(2): 237 - 264.

[10]  Volker 1., Christian H, Randolph L K. Derivation of planetary topog-
raphy vsing multi-image shape-from-shading] ] ]. Planetary and Space
Science, 2006, 54(7): 661 — 674.

[11] Arns, FAL, WRME. ARFENEL FHER P =S TH
HEARPFRLI]. F A, 2007, 28(4): 966 — 971. [JIE Ming,
YIN Hang, HUANG Xian-lin. On 3D reconstruction technolegy of lu-
nar lander autonomous soft Janding [ J]. Joumal of Astonautics,
2007, 28(4): 966 — 971 (in Chinese) . |

[12] Zhang R, Tsai PS, Cver ] E, et al. Shape from shading: a survey

[1]. IEEE Transactions on Pattemn Analysie and Machine Intelli-



2000 T 4R 29 &

gence, 1999, 21(8). 690 - 705.

Mayar S. Generalization ol 1 impli- ) " - .
[13] Oren M, Nayar S. Generalization of the Lambertian model and impli EEEN BE (1976 ), B, M+ 5. B

Jrim S ES (s DA R = E, B
bR SENH A, A TEEESFHN
o g .

3 Ak . b T Y E B 1239 5 R R
ZE U5 M B (200092)

AL ; (029)82673388

cations for machine vision[ ] ]. International Journal of Computer Vi-
sion, 1995,14(3): 227 - 251.

[14] McEwen A S. A precise lunar photometric function[]]. Lunar and
Planetary Science, 1996,27. 841 — 842,

[15] 7heng Q. Chellappa R. Estimation of illuninant direction, albedo,

E-mail : vangvoungya (@ sina . com

and Machine Intelligence, 1991, 13(7): 680 - 702.

Research on 3-D Reconstruction Algorithm of the Moon Surface
Based on Shape-from-shading Method

YANG Lei', HAN Jiu-giang’, WANG Guo-hui’
(1.5chool of Economics and Management, Tongii University, Shanghai 200092, China;

2. School of Electronics and Information Engineering, Xi'an Jiaotong University, Xi'an 710049, China)

Abstract : An algorithm of 3-D shape reconstruction of the Moon surface based on shape-from-shading method was proposed.
Imaging model of the Moon surface under the illumination of the sun was discussed firstly. And Lommel-Seeliger reflectance model
was used to establish reflectance map equation. When the finite difference approximated differential operator, the reflectance map
equation described by the first order varving-coefficient linear partial differential equation turned into a group of algebraic equations
about the unknown surface height functions. Then SOR iterative method was used to solve the equations and heights of 3-D surface
were achiered. At last, 3-D shape reconstruction experiments on synthetic image and real image of the Moon were performed 1o 1l-
luminate the efficiency of the proposed method.

Key words: The Moon surface; 3-D reconstruction; Shape-from-Shading; Lonmmel-seeliger reflectance model; Finite difference
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Experimental and Numerical Investigation on the Unstart Flowfield of

a Three-dimensional Sidewall Compression Hypersonic Inlet

WANG Yi, FAN Xiao-qiang, LIANG Jian-han, WANG Zhen-guo
(Inst. of Aerospace & Material Engineering, National Univ. of Defense Technology, Changsha 410073, China)

Abstract : A three-dimensional sidewall compression hypersonic inlet was tested in Ma4 free-jet wind tunnel and examined by
numerical simulation to investigate the characteristics of unstart flowfield at low Mach number. A “counter vortex” structural oil
flow pattern was observed on the bottom wall. The result reveals that the reverse pressure gradient caused by cowl shock and inter-
nal compression, and the low kinetic energy flow near the bottom wall induced by sidewzll swept shock, are the two factors that
lead the separation bubble located at the cemter of the flow path. Schematic structure of the unstart flowfield and suggestion on the
inlet design are obtained through the investigation.

Key words: Hypersonic; Inlet; Unstart flowfield; Free-jet; Numerical simulation



