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Abstract: The homography induced by the plane at infinity between two images, namely the infinite homography,
plays a very important role in 3D computer vision since many vision problems could be substantially simplified by
knowing it. Unlike homographies induced by ordinary planes which can usually be determined by correspondences
of image points, the infinite homography must be determined indirectly since no real physical points lie on the plane
at infinity. In this paper, how to determine the infinite homography through scene parallel planes is studied, and the
following two conclusions are proved: (1) If only a pair of parallel planes is present in the scene, the infinite
homography can be obtained by solving a 4th order polynomial, and at maximum, four possible solutions exist. (2)
If at least two pairs of parallel planes exist in the scene, and if planes in different pairs are not parallel, then the
infinite homograpgy can be linearly and uniquely determined. In addition, a geometric interpretation to the above
results, and some practical algorithms are also provided. The proposed results in the paper are of interests in camera
self-calibration and image based 3D reconstruction under both theoretical and practical standpoints.
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T BUSII P B (K T 3 12~ T (1 5 AR B AN R R LS

Infinite homography Camera’s intrinsic parameters Camera’s rotation parameters
0.4905 0.4291  468.622 599.99 0 7.99 . .
Rotation axis: (0.1569, —0.8552, 0.4938)’
U“;g';‘jg‘;ible ~04284 08553 —38.731 0 499.99 10.00 ' ( 204938
~0.0011 —0.0007 0.6288 0 0 1 Rotation angle: 1.0617 rad
0.8514 0.8906 645.266 1752.47 0 359.66 ) . r
Reasonably 00234 11544 186117 0 35966 260.82 Rotation axis: - (0.0000,1.0000,0.0000)
Z0.0002 0.0003 09445 0 0 1 Rotation angle: 0.2229 rad

52 HXERRE

AT T o B S P B ) S 0 oK 6 UE AR SR Y PR R AE B AL A bR TR AT AT R I 2 2 - BRI BRI
PR P 452, 7040 B R mh BB LI A SRR FE AN BB /N 1280x960 15 3 LS8 S AL — X PAT 11
(B Ry & IR ).
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Fig.2 Two images used for camera calibration
2 JHT BB A bR E B P
HIARE90s 1 VbS50 53 20 1 1 0 B S REL R £ BT A T PO, PR X s — AP it L AT AR B AR B P 2 8, o B 46
R 2.7 18 B 52 br S AR LA 32 kB BB A8 KA BN B i A, TT0 K 1) 3 R B A omh O A R R i
AR A AR AN B BT, DS e SE B SR AR L A 2 BB N % 02 K
Table 2 Camera calibration result, K=K, is the correct solution

R 2 BURHLN SR E 45 0L K=K, 2 5 B

Infinite homography Camera’s intrinsic parameters
09975  0.3797 1007.1 139875 0 154634
Unreasonable H, =| 0085 10512 689.52 K, =| 0 35586 —1094.28
solution
~0.00002 0.0004 0.9964 1
0.8846  0.1432  691.79 1645.81 3131
Reasondble H,,=| -02592 09574 271.26 1749.79  8.98
solution
~0.00023 -0.000136 0.9013 1
N T R PThRE I NS E Ky & A PR, BATAE R SCR[ 1] A 9 00 5 TSP TS AR 1 U7 2 X 48 AL = 8

BEATAR R, I A5 B 25 R A

1639.52 0 24.04
K= 0 1740.76 20.82 |,
0 0 1

B K FEA b B X W A SO A 1R TR ML 1 b )
6 HERIE

ASSCT I8 T WHT A 37 51 A7 1 T 0 855 R SRAR JC 55 3281~ 11 (14 B B B, R A9 81 T R 45 (1) QR
S S ALPAT Y AT DU R SRAE AN I8 4 K5 RESK A RE T 95 1 1 AR PR SRR (2) i R s
P ZH VAT 0 DU AT DL Pt Ay R I 5 32 Y R N G S A — v LA R R
AN A
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MR, HFE T —ea” HORFE(E SR AE 725 1),

W, Ye=(e,e,e) a=(a,ay,a) EFHANIEZN =451 7] &0
(1) JEFE I —ae” FISAEE N 1,1-e"a FLP 1 O EHRFAEAE;
(2) HiPE I —ae” FTHFHEAE 1, 1- e a FIUFAEF 25 10430k
Vi={x|x=(x,%,x) eR’ e x=0},
v, =idalieR).
IEW:(1) R

(A-D+ae ae, ae,
M —(I-ae")= a,e A=-D+a,e, a,e, R
ase, ase, A-1)+ase

Det( A —(I-ae™))= (=1 (A-1) +e,a, + ey, +esa,) = (A-1)*(A-(1-e"a)).
FTLA, 11— e"a BT T —ae” PIFRAEAE, 0 1 28 SRR,
(2) Wa=(a,a,,a)" HEFHE UM ae’x=0 1L " x=0,HI I-ae” X TRAEME 1 WFFILET S
7]
V,={x|x=(x,x,x) eR’ e x=0}.
X h
[(l—eTa)I—(I—aeT)]a =— (e"al—ae")a =((a"e)—(e"a))a =0,
FTCLHERE T —ae” G THEEAS 1- " a (RIRFAE 125 7] A
V., ={a}|A<R}.
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