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A Linear lterative Method for Projective Reconstruction Based on 1D Subspace
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Abdtract: A linear iterative method for projective reconstruction based on 1D subspace is presented in the paper. It relies on
the facts that the rows in the matrix including al the image points span the same linear subspace as the rows in the matrix including
space points and that the basis of the subspace can consist of the three rows in the matrix comprising the first image points and a row
vector which is orthogonal the former. The row vector and the depth factors are obtained based on linear iteration ,and lastly the pro-
jective reconstruction is accomplished. The experiments with both simulate and real data show that the method is eficient ,robust and

has good property of convergence and small re-projection errors.
Key words: projective reconstruction;factorization method; linear iteration

. Faugeras
(21 2 3 4 ,
( )

(31 Vidal
4 Martinec  Pgda

(5]

:2004-08-19, :2006-08-04

(No. 10571112 ,No. 60372043)

[1]

(12)



4 1 693
1 3 u v i
1 n 1
Ui=(Ui,1 Ui 2 Ui,n) (10)
vi= (Vi1 Vi2 Vin) (11)
) 1=(1 1 1) (12)
Q X
Q =9an{ x,y,z,1} (13
u fu s W X (13 xy z X z
)\!\/]:0 f. w R tl] Y] @m=KR t]x
Y lo o 1 i x=(x X Xn) (14)
0 y=(y1 ¥ Yn) (15)
X=(x y z 1" ' z=(zn 2 z,) (16)
m=[u v 1]' ; K ! M
, (W, vo) fu QA, = pan{ uh, VAL A (17)
fy u v .S E
R t (8)
QA CQ (18)
QAN +Q N+ +QN,SQ (19
P=KIR t] 2) (19 <
P . (1) : :
Am= PX (3) (19)
2
3
m n (8)
(3 T,
Aiym,=PRPX i=1,2, ,m j=12, (4) mA; = PX=PT 'TX= P X (20)
i i g j
P=PRT ' X=TX (21)
X1 Xo X3 Xn X m, P
X = Yi Y2 Y3 Yn _ y (5) ; PooX.
1 o Zg z '
1 1 1 1 1
i T.
Ui U2 Ugs Ui, n Ui (2D T
m=| Vi1t Viz Vi Vion| =| Vi (6) X
1 1 1 1 1 x X
Ni=daghiy Ai Ain) (7)
@, 1
mA; = PX (8) X
Q; m 3 X'
{01,0,,03,04} X
Q; =san{ u,vi,1} (9)



694 2007
(0, 0, 03 0,)"=TX (22) Q' cQ (33)
(21) , P=PT ! X =TX=(0, O,
03 05)', P X (29) (31)
, Q , mlr Qi’
X . (18) X Q' : 1,
QN CQ L QN
W, Ql/\l y Q m2’
_ mg
, Q , e 3 (34
X. (17) A uN g, v A .
QN ) A wN, v\ A w) Moy
Q Do m (VD) ,
m=UuvD' (35)
X:[ ul/\l Vl/\l 1/\1 W]T (23) V , ) V
Q w Vi1 f . dl
) D 1 .
M = mA\; (24) df EQA;, d] Q.
1 (35) :
ml Vi1 0 0
T ™ w=uw'=y © ©° e o d T
T=mi(himi) iy (25) 2
0 0
T d
Vi1
T =1- m{(mm) ' (26) 1(1)
= U (36)
mi' =mT (27) 0
X = XT (28) U , m
(27 (28) QA (i=2,3, ,m) d{ i
Q. T , Qf Q. , (33 d=Q.
Q' Qr Q' m X .om di €QN .
. ® w di,
T Q 1 X,
, dm(X) =1 Q' <Q ZQ{ cQ'. J ' J
: , , Vv
dm(X) =4 dm(my) =3, Q,A;C
Vi1 )
Q,
dam(X) =dm(X) - dm(my) =1 (29) X, 8)
(19)
Z Q! < (30) A
i Qr T
Qi Q4 ' Ty-1.4T i
m T g=1- di(didy) “ds (37)
Z Qi' EQ' (31) Qi’ ng ,
, C mT ¢=0 (38)
QN CQ, (38) A,
QA +Q =Q (32) ,



695

4 1
. 2 .
[14] m n
’ o :_L Z Z II Pin - U II (39)
Alzdw(l 1 l) /\i(i=2,3, ,m). mn i® ie
1 2 ,
5 5 )
1 1, €
. , 2
2. (35) m S/D , w, . 18
\ ) <€ , 4 y 3 ) ’ ‘31,6
14
3 (38) A(i=23, ,m, %1_2
2 2 16 ﬁ )
4, (23) X, (8) ' 08
P, 1 06 . P "
5 10 15 20
’ R %
6 3 ERPREHEKEFATLE
6.1 100
, (39)
100 , 3
f, = 1000, f, =1000,s =0, up =320, v 3 : ,
= 8 640 x ) )
noise=2 5
il | pte | e Quan )% )
et T gt| T e
—v— noise=0. 2l 2 — Ak Rt
&3 et
Quan 4 //,.;; :
(9] ;§ 2 L
% ,/—"'/
y 8 1 ,.v"
-
) 0 L L .
0 05 1 15 2
B4R 75 /pixels
o , B4 TR R R P A
1 2 3 4 5 6 7 8 8 10 100 ,
HEAKE 4
Bl v, MEREERKEELE '
480 4 : Fe-
’ 1 2 ’ ter Quan
Peter Quan
25
—a— noise=2 ’
—a— noise=1 3]
20 —b>— noise=0.5 s f
T"; —v— noise=0
iﬁ 15 > ’
o
%ﬁ 10 40 %,
il ) y
5 6.2
o ;
1 2 3 4 5 6 7 8 9 10 10 ,
AU .
B2 \ERBREEERREELE 512 x 480, 5 Harris
50 ( 5 * ).



696

2007

(*) : , (39)
0.36 ,

o9 10K EHR
Bs5 ERERESR (x)REBRER (O)

40 %, ;

[1] O Faugeras. What can be seen in three dimensions with an un-
calibrated stereo rig? [A]. ECCV ,Lecture Notes in Computer
Science[ C]. L ondon : Springer-Verlag ,1992 ,588:563 - 578.

[2] R Hartley ,A Zisserman. Multiple View Geometry in Computer
Vision[ M ]. Cambridge Univ. Press, Cambridge ,U K ,2000.

[3] O Faugeras,Q Luong. The Geometry of Multiple Images[M].
MIT Press,Baston,2004.

[4] RVidd ,Y Ma,S Soatto,S Sastry. Two-view multibody struc-
ture from motion[J] . International Journal of Computer Vision,
2006,68(1) :7- 25.

[5] D Martinec, T Pajdla. Structure from many perspective images
with occlusions[ A]. ECCV ,L ecture Notes in Computer Science
[C].Berlin:Springer-Verlag,2002,2351 :355 - 369.

[6] P Baker, Y Aloimonos. Structure from motion o parald lines
[A]. ECCV ,Lecture Notes in Computer Science[ C]. Berlin:
Springer-Verlag,2004 ,3024 :229 - 240.

[7] Y Liu, C Wu, HTsui. A practica approach for 3D building
modeling from uncaibrated video sequences[J]. International
Journal of Image and Graphics,2002,2(2) :287 - 307.

[8] M Pdllefeys,F Verbiest,L Gool. Surviving dominant planes in

uncaibrated structure and mation recovery[ A]. ECCV ,L ecture
Notes in Computer Science[ C] . Berlin: Springer-Verlag, 2002,
2351:837 - 851.

[9] L Quan,M Lhuillier. Structure from mation from three affine
views[A].ICPR[ C]. Quebec City:|EEE Press,2002.1- 6.
[10] Q Ke, T Kanade. Robust L1 norm factorization in the presence
o outliers and missing data by aternative convex program-
ming[A]. CVPR[ C]. San Diego, CA : | EEE Press,2005. 739

- 746.

[11] C Tomasi , T Kanade. Shape and mation from image streams
under orthography : a factorization method [J]. Internationa
Journa of Computer Vision,1992,9(2) :137 - 154.

[12] P Sturm,B Triggs. A factorization based agorithm for multi-
image projective structure and motion[ A ]. ECCV , Lecture
Notes in Computer Science[ C]. Cambridge : Springer-Verlag,
1996,1064:709 - 720.

[13] , ¢ [M]. : ,
2003.

[14] G Sparr. Simultaneous reconstruction of scene structure and
camera locations from uncalibrated image sequences [ A ].
ICPR[ C]. Vienna:| EEE Press,1996. 328 - 333.

,1938 ) )

,1977 , 2005

,1975



