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EH T, X DA R E T
1. T TREARKAMZ S5 R 240, B 123009,
2. hERERE R S HIBRTSAT, Jbat 100101

A E: BE Wk MAERSE TR AR AT RN B R A A DC R s AT R OB IR i, ik BT
AR T G M BE LU B 29 SR W RE K ST AR (shape from shading) 53 . # /5L Lommel-Seeliger FEAVEELL A 32 S
O, T A R B 5 SRS DA MBI R AE T SR BRI SR g B, 280 e /N R 5 5 R DL M R 29 oS | v A0 A5 3
T4 AR m R0 BE LU A1 PR, S BE X A BRBE 7 R IE DAL . 85 5R i MIRAS BB AR 14 1 AR X R 52 4
FERTLAGAH] -0. 199, FLSEA% H m AT LA #) 0. 051 F10.022, #4518 ASCHILARUEA it 17 3 4Bk E , AL
WRILKGRE AT 2234 SFS B3k rh b S BRI ORI 1) Tsai 305

SRSRIR) : HJE HAL 5 A T MBI 5 WSV ST AR, 5 S SR ABE 8L 5 i R 2 D7 5 B B 25

Lunar terrain reconstruction with SFS under gradient constraint

Xu Xinchao'?, Liu Shaochuang®, Xu Aigong'
1. School of Geomatics, Liaoning Technical University, Fuxin 123009, China;
2. Institute of Remote Sensing and Digital Earth, Chinese Academy of Sciences, Beijing 100101, China

Abstract . Objective Solving the problem of a lack of matching points to complete the terrain reconstruction for the landing
area during the Lunar Lander landing process. Method An SFS (shape from shading) algorithm for 3D terrain recovery
based on gradient constraints of the feature edges. The irradiance equation is established on the Lommel-Seeliger model to
simulate the Lunar surface reflection. Based on the extract results of the terrain feature edge, gradient ratio of the rest part
can be solved after least square fitting and surface smoothness constraint. The SFS problem becomes regularized after the
quantitative constraints of irradiance equation. Result The average relative recovery accuracy can reach —0.199 for syn-
thetic images, and also can reach 0. 051 and 0. 022 for real image after testing. Conclusion The proposed algorithm can
work effectively for 3D terrain reconstruction, and the recovery accuracy is superior to the existing SFS algorithm.

Key words: terrain reconstraction; lunar terrain; shape from shading; reflection model ; irradiance equation; gradient con-

straint
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HRAE P 10 AR SCRE VL R Tsai 876 % BL52 H THI
AR B EE R 18] 11 R RS AR 122 A

© vh[E K% K AR T

0743



0744

PEERERF IR

JOURNAL OF IMAGE AND GRAPHICS

Vol.19,No.5,May 2014

Lo 2 YIRS A AR AT LI 2 .

1) R T 22 L) Tsai 353, AR S REAS 5000
AT 3 AEMIE IR KA 4521 5 B S H i
:L2B A ) 1773

2) fy & 1L Al AR R 22 TR BLAE s
TE LR IAIT | P, BRI 30 2 2 11 5 (6 A 2
Map PR AZ SR A BB I,y TG IR b B A D A
JRCRFAE T 2R R HR AN R LS PR (S A7 A — 2 1 i
7%, BRI NN GALE M AAAEB KRB IEZ DR IE o

3) G AN E G R IR 2 3 I T AR SCAE i
JE HE B AR O A o 7 — e i 22, BRIV 35

(a) Tsai HVEMKE 45 71 (b) Tsai LMK 45 F2

(c) ARSI 45 R (d) AR SCHVEWRE 45 2
K10 H R R 25

Fig. 10 Recovery results of lunar images

() BLFMEZ B

(d) AR 222
B 11 Hilisg gk a2

The error of lunar images recovery

Fig. 11

[ d PR ) b MR IR 22 3 R 2 R 45 R 5 LB
HE[R] Y 22 55, UL IET 10 oA [m] 48 o 30 B 19 K 52
45

4) TR T BT OME R WK E AR A
A SCHY SRS R, B4R 1 FIEEAR 2 rhowhiiz B 52
DR DR 25 R

5) AR TR SR 2o SR R ALK
HER BB

x2 BBRIZE2HAREEHRERESIT

Table 2 Statistics of recovery error for different

algorithms in imagel and image2

B Rk BORiRE RBuhRE CFHRE TR

. Tsai 0. 475 -0.402 -0.097 0.162
VNS 0.359 -0.208 0.051 0. 108
) Tsai 0.415 -0.249 0. 081 0.131
AL 0. 309 -0.125 0.022 0.083

SEMA SRR IR A5 R 0 2 N R R AR
GRRML DCIRTT 1 AT ' S AR R B L £
it e o

AL e iR 2 32 2 oy T30k AR HE L 491
LY 2 R AR 3 R 2T IR R 5544 21, Canny 5
MR BRI LR FE AT I AR ML, D G 20
5 TR G T 00 30 G 5L I B SR AT AE — E IR
75, WA AL 2 bl R ) EORPUFEBOR 22 5+,
SRR LSRRI T 6 TR v R SR U A AR IR 2,
MR S 235 2 R R PAORS 2 5 T G F R 22 UK
U 35 G 22 14 A TR L A0TSR RO 5%, R A B2 G
JEH 72,

HE ST R 5 RE R U B SR BOOE IR 1]
A SCSE PR A 19 6 R T 1] AR, 2008 i —
SEBEATAG S o ANTR B G IR 7 18] 23 (A5 i S 4 IR
JrRRJG , R ) B KSR A i 22 , M S e 2
PRAZEEAL , DRI, YRR T A T3k AR B 0 R S i
ARSCEMWRAZ A5 R o JCIET7 1 AR 25 ORI AR
PSR A 2 B0 72 1) B TR ZE B

JUETE g R IR D R, R S 1AL
SIS DL OGRS SR R (EE 5 8 B Bk i ]
FIPE MR TRCR, AN Al BE R FH AR B P R A2 2% 1 S A
R, I RESR HRU 5 S S S 17 DL 2 AT 1) B A
B, FEON BT e A 22 . R, AR
JCHE SRR A A A A 9 1 8 7 8 T RE 7

© v [E K % K AR A T



$F19% /$E58 /2014 F5 8

R, WP, HRED / BELIR SFS A Sl

HE A 2 B AN ], RV ) A A [R] S SR
SRR ANTRI OB BE , T A AR K JBE BSR4 3% 1]
IR, R S i BT [ BRI IR 22 , AT 52
Wi Fre 2 VKRG JEE o B IR ) S SR R 5 S B
S SR 2 SO , SRAT 2 A 95 1) -5 L SE B i
Ii] [B] P i 22 L 23 R K, e A IR B iR 22 K, I
SRR T e A SR Mg R 22 19 e R BRI IR &R £ LA
Je B AR PR i — 2B W ST LS DAY B
Y Al N IR A 1R 22

B E LA A4 38 A 1o e SR AR A 3 B B2 LA 24
DG LR S AR BR ), LA KRR A 140 2 0 £ Al 2
2 S EE S B A BR B2 L n] BE 5 LSS HE SRR
JE HOAIAAAE — 2 14 22 53, BIVIR]— bR s 38 A0 A5 3] 1
B E LA 5 LS PRk 1o 8 SR Ak 45 31 B 86 JBE LE i)
[, PR A T SRS R 25 5 LI AT B 22
B E LA A i 119 1% 22 ORI, b SR 2 3 X
il 2%

4 &

HX T H A AT TR {E 1 SFS J7 i, A 3C
W RRIE D S e B 5 LU ) 29 S 51 A SFS T3k, Xt 48
MRy R b AT T RAL LS, Il i M 4 2k R T
TR R A SR Aigp A6 JBE LU B [N 1, ki T A R RE T R
LYRAE, 45 SFS [MEIE WAL . SEE g R R,
AR SCHETRAE 1 2 b 2 LU 49 29 TR0 SFS B30k X T
BAUEAR - SRS R 22BN A B & LT Tsai
SREVE s 0 LS HTHTRZAR , AR SO BE 8 SN 00
AT 3 AEMIE KA, H B A B m Ik G . M
X A 3 AR 52 581, AR SO A R Bl o
R Al AT KA, — R B T AR 4R
PET B o 0k Il JH 9 S5 S A 5 52 s [
SR BLAY 22 5, RS 45 2R 5 S PR MR A A7 1 — 5E
BRZE, (5 SE AR vl i 2o fIE Ak B b 45 R R 4
PRIZHE JE o

5% 3Lk ( References)

[ 1] OuyangZ Y. Overview of the Moon[ M ]. Beijing: Astronautics
Press, 2005304 -306. [ BKFH A IE. A BkALEE [ M]. 4L
He E T R, 2005 :304 ~307 ]

[2] JiaY, Chen]J X, Zhang H G. Key technology analysis of lunar
rover[ J]. Spacecraft Engineering, 2006 ,15(3) :54-58. [ B5kH,

[4]

[5]

[6]

[10]

(1]

[12]

[13]

BREEHT, sk im. T IS AR I O R R 3 [T ], R A
T.#,2006,15(3) : 54-58. ]
Mai B A, Abas M S. 3D reconstruction using interactive shape
from shading [ J]. International Journal of Computer Applica-
tions, 2011, 28(1) . 20-24. [ DOI.10.5120/3353-4623 ]
Wu C Y, Narasimhan S G, Jaramaz B. A multi-image shape-
from-shading framework for near-lighting perspective endoscopes
[J]. International Journal of Computer Vision, 2010, 86 211-
228. [ DOIL: 10.1007/511263-009-0207-3. ]
Mohamed E, Fouda Y M, Elhadi G F. Fast trigonometric polyno-
mial approach for computing the shape from shading[J]. GVIP
Journal, 2005, 5(9) :21-26.
Liao Y,Zhao R C. Analysis and evaluation of several typical SFS
algorithms[ J]. Journal of Image and Graphics,2001,6 (10)
953-961. [ BIAH, XM MBIWGIK IR (SFS) 19 JL2E M
REE S L], T EE B4, 2001, 6(10) .
953-961. ]
Ratika P, Ghose M K, Jeyaram A. Extraction of DEM from high
resolution satellite imagery using shape from shading approach
[J]. International Journal of Computer Applications, 2010,
7(12) :4046. [ DOI; 10.5120/1296-1786. ]
Kreslavsky M A, Shkuratov Y G, Velikodsky Y I, et al. Photo-
metric properties of the lunar surface derived from clementine
observations [ J]. Journal of Geophysical Research, 2000,
105(8) :281-295. [ DOI: 10.1029/1999JE001150. ]
Wen T, Zhou J L, He K. Edge detection based on image feature
[J]. Computer Engineering and Applications,2011,47 (12) .
189-191. [ SCU&, JAWu, Mo i, JiE T PRAGCRRAE 1 30 S A )
[J]. 3FEHL TR 5% FH,2011, 47(12) ;189-191. [ DOI; 10.
3778/j. issn. 1002-8331.2011.12.053 ]
Xu M, Liao Y, Zhang Y N, et al. Analyzing the minimization
methods of shape from shading [ J]. Computer Engineering and
Applications, 2004, 40(2) ; 20-22. [ 750, BERE , ok Ha 7, 2.
Shape from shading fe/IMbEJF i Hr (1] RN TR SN,
2004, 40 (2): 20-22. [ DOI: 10. 3321/j. issn: 1002-8331.
2004. 02. 007 |
Tsai P S, Shah M. A fast linear shape from shading [ C]//Pro-
ceedings of IEEE Computer Society Conference on CVPR. Urba-
na Champaign: IEEE, 1992, 734-736.
Lv Z, Wang F L., Chang Y Q. An improved canny algorithm for
edge detection[ J]. Journal of Northeastern University: Natural
Science, 2007, 28(12) :1681-1684. [ B¥7, FARF, # .
FHBGHERY Canny HGAGIMNTEL[T]. FRIEKF 2 HAR
2£h,2007, 28(12) ; 1681-1684. [ DOI:10.3321/j. issn: 1005-
3026.2007.12.003 ]
Samaras D, Metaxas D. Incorporating illumination constraints in
deformable models for shape from shading and light direction esti-
mation[ J]. IEEE Transactions on Pattern Analysis and Machine
Intelligence, 2003, 25(2) : 247-264. [ DOI; 10. 1109/TPAMI.
2003.1177155. ]

© v [E K % K AR A T

0745



	封面.pdf
	目录.pdf
	20140512.pdf



