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Abstract

Multiperspective imaging has been used to recover
the structure of a scene. Although several algorithms
for structure recovery have been developed as typified
by stereo panoramas, there exists mo common frame-
work which subsumes various camera motions to cap-
ture stereo images. This paper presents a framework
for stereo by multiperspective imaging, which is general
in that it can handle 6 degree—of-freedom (DOF) cam-
era motion. We derive geometric constraints, equation
for structure recovery and that for an epipolar curve by
modeling the acquisition of stereo images using push-
broom cameras (line sensors). We consider a class of
camera motion called a vertical view plane class and
demonstrate that several previous results are really spe-
cial cases of our results. Numerical examples are given
to show the correctness of the derived equations.

1 Introduction

Multiperspective imaging which uses multiple view
points to construct images has attracted attention as a
method to recover structure of a scene. A typical exam-
ple is stereo panoramas, where one-dimensional (1D)
images, e.g., columns extracted from two—dimensional
(2D) images, corresponding to different view points are
concatenated to capture stereo images with large field
of views for applications such as large environment nav-
igation and monitoring. Recently several investigators
have used the stereo panoramas for structure recovery.
An approach is to use rotating cameras. Ishiguro et
al. [1] were the first to use stereo panoramas captured
by a rotating camera. Peleg et al. [2] proposed the
method to capture stereo panoramas using a single ro-
tating camera. Shum et al. [3] presented the approach
called concentric mosaics in which camera motion is

constrained to planar concentric circles. Epipolar ge-
ometry of the concentric mosaics was considered by
Huang [4]. Perr et al. [5] and Huang et al. [6] also
used rotation to capture stereo panoramas. An alter-
native approach is to use translating cameras. Gupta
et al. [7] investigated epipolar geometry between im-
ages captured by two pushbroom cameras (also known
as line scanners/sensors) moving on a line. Chai et
al. [8] and Zhu et al. [9] proposed stereo reconstruction
based on parallel projections realized by a camera with
1D, 2D and three-dimensional (3D) translations. Feld-
man et. al. [10] showed the epipolar geometry of the
stereo by a crossed-slits projection [11] which includes
the linear pushbroom projection [7] as a special case. It
is important to note that analysis for structure recovery
and epipolar geometry were carried out separately for
rotation and translation in previous work; there exists
no common framework which subsumes various camera
motions to capture stereo panoramas.

This paper presents a general framework for struc-
ture recovery using stereo images captured by multi-
perspective imaging. In the framework, we use a push-
broom camera which is an imaging system with a 1D
array of pixels to model the acquisition of an image.
Figure 1(a) shows a scene being scanned by a moving
pushbroom camera. At each instant of time, the cam-
era produces a 1D image which represents the bright-
ness of the scene points that intersect the “view plane”
of the camera. By concatenating consecutive 1D im-
ages, we obtain an image (panorama), such as the one
in Fig. 1(b). If we have two cameras, we can compute
the structure of a scene using a parallax between two
acquired images.

Stereo using pushbroom cameras has been used for
photogrammetry and remote sensing. Since cameras
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Figure 1: The acquisition of an image by a pushbroom
camera. (a) A moving pushbroom camera sweeps a scene
with the “view plane”. A 1D image, which represents the
brightness of the scene points that intersect the view plane,
is produced at each instant of time. (b) An example of an
image created by concatenating the 1D images.

1D detector

image plane

Y, view plane

Figure 2: Imaging geometry of a pushbroom camera. The
world coordinate system is denoted by the X, Y, and
Z,, axes. The camera coordinate system at the instant of
time kT is denoted by the X, Y and Z axes. The rela-
tionship between the world and camera coordinate systems
is given by the rotation matrix Ry and translation vector
tr. The world and camera coordinates of a 3D point P are
P, = (Xw,¥Yw,%w)" and p,, = (X, Vk,2k)", respectively. The
1D detector (and hence the view plane) lies on the Y,—Z}
plane. An image with coordinates (ug,vi) is created by
concatenating 1D images.

are mounted on satellites or airplanes, camera motion
could be complex. Simplified camera motion model
with a small number of degree-of-freedom (DOF), how-
ever, can be used because of the assumptions of the
large distance between the cameras and the ground and
smooth motion of the cameras [7, 12, 13]. Since we can-
not use the assumption of the large distance in the field
of computer vision, consideration for 6 DOF motion is
necessary. Recently Seitz et. al. [14] presented a frame-
work for stereo by multiperspective imaging which in-
cludes stereo using pushbroom cameras, but camera
motion was restricted because they considered rectified
stereo pairs.

We should consider imaging geometry, structure re-
covery and an epipolar curve to make the framework
of stereo by multiperspective imaging. First we derive
geometric constraints including a view plane equation
using the imaging geometry of a pushbroom camera.
Then we show explicit representation of equation for
structure recovery and that for an epipolar curve based
on the constraints. The framework is general in that it
can handle 6 DOF motion of the camera. We consider
a class of camera motion called a vertical view plane
class and demonstrate that several previous results are
really special cases of our results. We conclude with

the derived equations.

2 General Framework for Structure
Recovery

In this section, we derive geometric constraints im-
posed by a pushbroom camera with 6 DOF motion.
Then, we present equations for structure recovery and
an epipolar curve based on the geometric constraints.

2.1 Imaging Geometry

Figure 2 depicts the imaging geometry of a push-
broom camera. The world coordinate system is de-
noted by Xy, Yy and Z,. The camera captures a
scene at discrete instants of time represented by k73,
where k (kK = 0,1,2,...) is the time index and T is
the sampling interval. The camera motion at the time
instant kT, is represented by the rotation matrix Ry
and translation vector ¢;, which define the camera co-
ordinate system given by X, Y and Zj.

The 1D detector of the camera lies on the Y —Z
plane and it produces a 1D image at every time in-
stant. By concatenating successive 1D images, we can
produce an image with coordinates (ug, vg). The u co-
ordinate represents the discrete time. That is:

examples of epipolar curves to show the correctness of up = kT . (1)
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The v coordinate represents spatial information. Con-
sider a 3D scene point P whose camera coordinates are
P, = (Xk, ¥k, 2k)t. Its v coordinate is determined by a
1D perspective projection as:
k
ve=1 4 p, @)
Zk
where, f and p, are the focal length and the image
center, respectively.

2.2 Deriving Geometric Constraints

We denote the world coordinates of the 3D point P
as P, = (Xw,Yws Zw)t. We know that the camera and
world coordinates are related to each other as:

b= (|- Rin) (P ). &)
where,
R, = ik, dp ki)' o te = (tor tyrston) (4)

The rows of the rotation matrix, 25, j, and kg, de-
fine the directions of the axes of the camera coordinate
system, X, Y and Zj.

We can express the camera coordinate x;, by expand-
ing Eq.(3) as follows:

Xp = Tk Py — g (5)

Note that, since the view plane (1D detector) lies on
the Y—Zj plane, we have x5 = 0. Therefore, we have:

ik'pw:ik'tk- (6)

The above expression which represents the view plane
passing through the 3D point is called the view plane
equation. It imposes a geometric constraint on the
world coordinates p,, to recover scene structure.

Another constraint is obtained from the perspective
projection of the 3D point to the 1D detector given by
Eq.(2). Using y; and 7z, from Eq.(3), we have:

TL ~tk y (7)
(vk — pv) ki, — fJg - (8)

In summary, we have two geometric constraints (Egs.
(6) and (7)) on the world coordinates of a scene point
from one pushbroom camera.

TE Py

T =

2.3 Recovering Structure

We need three constraints to recover the three co-
ordinates p,, = (Xw, Yw,Zw)" Of a scene point. As one
camera yields only two constraints, we need one more
camera. The view plane equations for the two cameras
can be written as:

Tkl Py = k1 -t and 2Py, = tp2 - tre,  (9)

where, the time indices k; and ko represent the instants
at which the cameras observe the 3D point. The con-
straints obtained from the 1D projections are:

Tki Dy = Tkl - tg1 and rro - P, = Tr2 - tra . (10)

Using the above expressions, we can recover the
coordinates of the 3D point, because we have four
constraints and only three unknowns. For example,
a matrix equation which has the following form can
be constructed from Eq.(9) and the first expression in
Eq.(10):

Ap, = b, (11)
A - (iklaik27rkla)t ) (12)
b = (ig1-th1,ok2  tro,Tr1 - tha)' (13)

The matrix A must satisfy RankA=3 to have a sol-
ution. When the camera motions are linear dependent
then we have a degeneracy as RankA <3 in that case.
We derive an explicit solution of structure by spec-
ifying the representation of the rotation, i.e., rotation
angles around each axis of the camera coordinate sys-
tem (0, dr, ¥r), as shown in Appendix A. Using the
rotation angles and the translation in Eq.(4), we denote
camera motion by (0, @i, Yk, tak, tyk, t-x) hereafter.

2.4 Deriving Epipolar Curve Equation

To compute the structure using Eq.(11), we have to
find out the time indices k; and ko representing the
instants at which the cameras observe the same 3D
point. Since k; and ko are column numbers in stereo
images (Eq.(1)), they can be determined by finding cor-
respondences (feature matching) between two images.
An epipolar constraint is used to find the correspon-
dences. This constraint appears as an epipolar curve
in an image, which can be represented by a function
vre = f (ur2; uk1, vk1), where (ug1,vr1) and (ug2, vk2)
represent the coordinates in two images. A concrete
expression of the function is obtained by backproject-
ing a view ray of the first camera into the image plane
of the second camera. In stereo using pushbroom cam-
eras, the backprojection of a view ray is equivalent to
the following backprojection of a 3D point because a
1D detector is used:

4 2YE2
Vo = Vk2 — Pv2 = fL ) (14)
Z2

where, yio and zgo are the camera coordinates com-
puted from Eq.(3) as follows:

Yk2 = Jk2 Puw — Jk2 k2, (15)
Zg2 = kra Dy, — k2t (16)
Since we have explicit expression of the structure p,,,

we can derive the explicit expression of the epipolar
curve as shown in Appendix B.
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Table 1: Equations for the depth and epipolar curve of the camera configurations in the vertical view plane class with 4
. . ’
DOF motion. In this table, A¢r = pra — dri1, Atk = takz — tok1, Alyr = tyrz — tyk1, Atzk = tokz — tak1, Vg1 = Ukl — Pol

!
and vy = Uk2 — Pu2-

Camera

configuration depth

epipolar curve

Vertical view | zw={—Atgk COS Pr1 COS Pr2

plane class —tk1 SIn Gk1 COS Pr2

7 -
’ _f_2 X 'l)levg—‘rflAtyk sin (A¢k)
V2 T f Tv1
Ty1 = Aty cos d)kl — At sin ¢k1

(4 DOF) +1 212 COS Pr1 sin Pra} /sin (Agr) | Tvz = Atzk cOS Pr2 — Atk Sin Pro
T
, V.. Tro+ fitey sin (A
Polycentric 2w = (— Ry COS ¢pa sin 71 Vro :% L Uprdr2 fle (Agr)
panoramas [6] | +Rzcos ¢r1 sin Treo Ty1 = Ry sin g1 4+ Rasin 61 + tex OS (1
—tex COS Pr1 COS Pr2 —tcs SIN Pr1
+te. coS d)kl sin ¢k2) /sin (A¢)k) Tr2 = Rl sin 62 — R2 sin Tho + teg COS ¢k2
—tez SIN Pr2
01 = A¢p — T2, 02 = Adg + i1
Concentric
: _ —Rsin Tkl ’ _f_2. ’
mosaics [1, 2] | zw = g (Bon)/(cos britcos dra) | Vk2 = Ukt
[3, 4, 5]
T
’ Tio— f1 At in (2
Parallel iy :% U Tia—f1 Tjk sin (2¢%1)
perspective Zow :2tiflz£k1 + tz}“lgtzm Ti1 = Atgr cos prp1 — Atk sin P
[7,8, 9, 14] Tio = Atay cos b1 + Aty sin i

The equations for structure recovery and an epipo-
lar curve we derive are general in that it can be applied
to 6 DOF camera motion. In the next section, we will
demonstrate the generality of the results by analyzing
a class of camera motion using the equations in Ap-
pendices A and B.

3 Special Cases: Vertical View Plane

Class

We consider special cases with lower DOF camera
motions, which are important to make a link between
our framework and practical camera setup. This sit-
uation is quite similar to that of image-based render-
ing (IBR). In IBR, sampling of every light rays based
on the original plenoptic function is very difficult be-
cause its dimension is 7 [15]. The methods using the
plenoptic functions with lower dimensions, e.g., the
light field [16] and concentric mosaic [17], were pro-
posed to simplify camera motions to sample light rays.
In our case, there are S.0_, 4C,, = 63 (n is DOF of
motion) classes of camera motion. We select a class of
camera motion with 5 DOF, i.e., (0k, ¢k, 0, tok, tyk, t2k),
which we call vertical view plane class since the view
plane of the camera with this motion is always ver-
tical to the X—Z plane of the world and camera co-
ordinate systems due to elimination of the rotation
around the Z axis. Especially we consider a subclass

® XW’yW’ZW)

Figure 3: The camera configuration for polycentric panora-
mas [6]. Two rotating cameras which can have the different
centers of rotation are used to capture stereo panoramas.
The motion of the cameras are represented by the transla-
tion, tc = (tex,tey,tez)’, radii, Ry and Re, and angles &1,
sz, T1 and T2.

of the vertical view plane class with 4 DOF motion,
(0, ¢k, 0, tak, tyk, t=x), to show the relationship between
our framework and previous results.

The equations for structure recovery and the epipo-
lar curve of the subclass are obtained by just set-
ting the rotation angles 601, ¥r1, k2 and Yge in
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Figure 4: Epipolar curves for stereo images obtained from cameras with (a) 6 DOF (6k, ¢k, ¥k, tok, tyk, tzx) and (b) 5 DOF
(Ok, &k, 0, tok, tyk, tzx) motions. The small rectangles in the top images in the pairs show the feature points corresponding
to the curves in the bottom images which pass through the matching points. These results show that our results can be
applied to general camera motion. Note that the distortion of the images are not uniform because the camera motions

varied with time.

Eqgs.(22),(23),(24) and (35) to zero. The equations of
the depth and epipolar curve are in the first row of
Tab.1.

We can directly apply the results to analyze pre-
vious work, e.g., polycentric panoramas [6]. Figure 3
shows the camera configuration for polycentric panora-
mas. Let the two cameras have the following mo-
tions: (0, ¢x1,0, R1sinék1,0, Ry cos&g1) and (0, dge, 0,
tew + Rosinéga, tey, tes + Ro cos&xe). The rotation an-
gles of the camera coordinate systems ¢y and ¢yo have

the following relationship between the angles &1 and
&k which determine the position of the cameras and
the angles 71 and 72! which show the direction of
the cameras with respect to the normal to the circle:
Or1 = &k1 + 71 and @p2 = Eka + Tra. By substituting
these camera motions into the equations of the verti-

n the rotation case, the angles 71 and 72 determine the
position of slits in images used to create stereo images at the
time k1 and ko in the case where we use the camera with 2D
CCD.
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cal view plane class, we have the equations of the depth
and epipolar curve for polycentric panoramas as shown
in the second row of Tab.1.

For the case of stereo panoramas which have the
same center of rotation and radii, and symmetric
slits [1, 2, 3, 4, 5], i.e., t, = 0, Ry = Ry = R and
Tkl = —Tk2, We have the equations shown in the third
row of Tab.1.

We also have the equations for parallel perspective
stereo mosaic [7, 8, 9, 14] by just assuming the symmet-
ric slits, i.e., 1 = —@r2. The result is in the fourth
row of Tab.1.

Although our notations for camera motion are dif-
ferent from those used in the previous work, the equa-
tions shown in Tab.1l are equivalent to the depth and
epipolar curve equations derived in the previous work.
In summary, we demonstrate that several previous re-
sults are really special cases of our approach to stereo
by multiperspective imaging.

4 Numerical Examples

We show examples of the epipolar curves to verify
the correctness of the equations derived in Appendices
A and B. Figure 4 shows the epipolar curves for the
images created by cameras with 6 and 5 DOF motions?.
The small rectangles in the top images in the pairs
show the feature points corresponding to the curves in
the bottom images which pass through the matching
points. These epipolar curves show the correctness of
structure recovery because the epipolar curves which
are the results of backprojection of the structure pass
through the correct matching points3.

5 Summary

In this paper, we have presented a framework for
stereo by multiperspective imaging. We derived the
geometric constraints, the explicit representation of the
equation for structure recovery and that for the epipo-
lar curve for pushbroom cameras with 6 DOF motion.
We showed that the several previous results for stereo
panoramas can be viewed as special cases of our ap-
proach. The numerical examples were given to show
the correctness of the derived equations. We believe
that the framework presented here will facilitate the de-
sign of stereo systems based on multiperspective imag-

2We made the images using the 3D rendering software,
POVRay [18].

3Some of the epipolar curves have singularity. A typical ex-
ample is the curve corresponding to the feature “3” of the 5 DOF
case. The singularity is produced by the solutions of Eq.(11) cor-
responding to “fake” structures in the back of cameras; the por-
tion of the curves which do not pass through the correct matching
point in Fig.4 are produced by the fake 3D structures.

ing because it can be applied to arbitrary camera con-
figurations.

A Equation for Structure Recovery

We use the following representation of the rotation
matrix of Eq.(4) which shows the rotation around each
axis of the camera coordinate system in Fig. 2:

R}, = R.(0x) R}, (¢r)R.(Vr) (17)
where,
1 0 0 cos¢p 0 —sing
RL(O)=| 0 cos® sind 7RZ(¢) = 0 1 0 ,
0 —sinf cosf sing 0 cos¢
cosy siny 0O
Ri(y)= [ —siny cosy 0 .
0 0 1

The rows of the rotation matrix are given as follows:

ik = (o8 ¢ cos Py, Cos Py, sin Py, — sin qﬁk)t , (18)
Ji = (— cos b sin vy, + sin b, sin ¢y, cos Yy,

cos B cos 1y, + sin Oy, sin ¢y, sin Yy, sin Oy, cos ngk)t , (19)
ki = (sin 0y, sin ¢y, + cos O, sin ¢y, cos Py,

— sin Oy, cos Y, + cos O sin ¢y, sin Yy, cos O, cos ngk)t (20)

From Eq.(11), the structure p,, can be written as:
|Alp,, = Ab, (21)

where, A is the cofactor matrix of A. Using the rep-
resentation of the rotation matrix and the above equa-
tion, we have the following explicit representation of
the equation for structure recovery from 6 DOF cam-
era motion:

|A|xw = s11 + S12 + 513, (22)
|A|yw = s21 + S22 + S23, (23)
|A|zy = s31 + S32 + S33, (24)
|A| = —uy, sin By cos dpy sin dpo

— f1 cos 01 cos ¢ sin gio
+11;€1 sin O sin Qg1 cos Pia cos (Ay)
+ f1 cos Ok1 sin ¢x1 cos Pia cos (Ay)
+11;€1 €08 Ok1 cos Pia sin (Ay)
— f1 8in g1 cos dga sin (A)y) , (25)
§11 = —Ugy Lokl SN Og1 COS B SN Pro
— fitzr1 cos Ok1 cos Pr1 Sin P2
+ v;dtmkl €08 B11 €OS P2 COS Y1 sin Yo
— fitar1 sin Bk cos Ppa cos i sin Yo
+ v;ﬂtrkl sin O1 sin @1 cos o Sin Y1 sin Yo

+ fitzk1 cos Ok Sin Pr1 COS Pia SIN Y1 Sin Yga
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!’
— Vg tak2 COS k1 COS Pia SIN g1 COS Yia — f1t.k2 cos k1 COS Pr1 SIn o . (34)

+ fitzro sin 01 cos @ga Sin Y1 cos Yia ’

e . . where, v, = Vg1 — D1, Ay = Yro — Yr1, Aty =
+ Vkatakz S0 Gk1 S0 Pt COS Pz €OS Y1 08 Py tuk2 — tok1, Atyr = tyra — tyrr and Aty = oo — tap.
+ fiteko cos Ok1 sin g1 COS Pra COS Y1 cOs Yo,  (26)

B Equation for an Epipolar Curve

S19 = —v;lAtyk €08 01 COS P2 Sin Y1 sin Yo

+ f1Atyy sin O cos Pra Sin Py sin o We can derive equation for the epipolar curve be-
tween two panoramas captured by cameras with 6 DOF
motions using the backprojection given by Eq.(14) and
+ f1Atyk cos O sin @p1 cos dr2 cos Pp1 sinra,  (27) the structure given by the equations in Appendix A as

+ v;lAtyk sin O Sin g1 COS Gro COS Yy Sin Yo

S13 = Upq At op, cOS O Sin Ppo Sin Yy follows:
_ f/lAtzk sin O sin o sin Yy v = fo¥io _ fo - |A| iz 35)
— U At 8in O sin @1 sin Pra cos Pp1 k2 Zk2 |A|zge
— fi1At 1 cos 01 sin @r1 Sin ra oS Y1 (28) |A|yke = e11 + €12 + €13, (36)
So1 = v;lAtmk c0s 0,1 COS Pra COS Yp1 COS Yia |A| 212 = €21 + €22 + €23, (37)
— f1 Atk sin g1 cos Pra COS Pi1 COS Yo e11 = U;lAtmk sin 1 sin Oxo oS Pr1 COS Yo
+ Uy Aty Sin 041 Sin 1 COS Bpo Sin ey oS Ypa + fi Atk cos Og1 sin o coS dp1 COS Ypa
+ f1 Aty cos Oy Sin 1 cos Pra sin Pr1 cos Yz, (29) + Uy Aty €08 Oy €08 Oa COS Pra COS P
S92 = —v;ltykl €08 Bk €OS Ppa sin Y1 cos Yo — J1Atyp sin Ogy cos Ok COS dra €08 Yia

!’
+ fityr1 sin Og1 COS ra SN Yg1 COS Yo + vy Atz sin g1 cos Oa Sin ¢g1 €S Pra sin x1

/ . . A sin sin
— py k1 Sin By COS P Sin Peo + f1 Atk cos g1 cos Ox sin dg1 cos Ppa sin Vi

!’
— fityk1 cos Ok cos Pg1 sin Ppo — Uy Aty sin g1 cos Ora coS P sin Ppo sin o
Y

/ . . — 1Aty cos 01 cos Oyo cos sin sin 38
+ Vg tyk1 SIN Ok SIN Gr1 COS Pa COS Y1 COS Yk Fr Bt ki k2 Or1sindrasinthz,  (38)

!’
. €12 = U1 Aty cos Ox1 cos B0 cos sin
+ fityk1 cos g1 sin g1 oS Pra COS Y1 COS Yo 12 k1=byk k1 k2 COS P2 S Yk

, . — f1 Aty sin g1 cos Oga cos ra Sin Y
+ Vg1 tyka €08 Ok 1 COS Pra COS Py SiN Yo Y

!’
— fityr2 sin Oy cos Pra cos Yy Sin Yo — gy Aty sin Og1 cos Oio sin ¢p1 cos Pra cos Y1

’ . . . . — f1At, cos Oy1 cos Oio SIn @1 COS Pra COS Vi1
+ Vg1 tyka Sin Ok Sin @1 coS Pra sin Py sin Yo haty ¢ ¢ ¥

!’
+ fityr2 cos Oy1 sin @p1 cos @2 sin Py sin g , (30) + U Aty sin Oyq cos Gga cos g1 sin Pra cos Yo

, . + f1Atyg cos O1 cos Ora cos Pg1 Sin Ppo COs Yyo
S93 = —Upq At f, €08 O)1 sin Pra cos Yy1 Y

!’
. . + V.1 Aty sin 01 sin Oy cos sin
=+ fl Atzk Sin le Sin ¢k2 COS ¢k1 k1 vk k1 k2 ¢k1 ka

- U;clAtzk sin 01 sin @1 sin @pa sin 1 + 1 A/tyk cos 01 sin Ogo cos Pr1 sin Pz , (39)
— f1AAt.y, cos O sin ¢y sin o sin iy , (31) €13 = Uy Atz €08 Oy Sin o sin gy cos Y
’ _ = = =
831 = y,1 Aty 8in Og1 COS Pr1 COS Pra COS ko f} Atzp sin Oy sin O sin Yp1 cos P2
+ f1Aty, cos Ok1 cOS 1 COS P2 COS Yp2 (32) — Uy At sin O sin Ogo sin @1 cos Pr1 cos Yo

/ . . — f1At,1 cos Oy sin Oy sIn @p1 COS Y1 COS Yio
$32 = Vg Aty Sin O1 COS g1 COS Pra SIn o hat. ¢ ¥ ¥

+ fi1Atyy cos O cos Pr1 cOS Pra SIn Pya , (33)
S33 = v;ltzkl sin O sin g1 cos Ppa cos (Ay)

+ f1tak1 cos Ok Sin @g1 €O8 dpa cos (Ay)

+ v;ltzkl €08 B11 €OS P COS Y1 sin Yo

— fit.x1 sin O cos g coS Y1 Sin Yo

— v;ltzkl €08 B11 €OS P2 Sin Y1 cos Yia

+ fitzx1sin Ok cos o sin 1 cos Py

!’
— Uptak2 Sin O1 cos @1 sin @po

- U;lAtzk sin B sin Oo Sin ¢k Sin Vg1 Sin Ygo
— f1At, ) cos Ok sin Oy sin ¢p1 sin g sin Pyo
— v;dAtzk €08 O sin Oxo coS Py Sin Yga
+ f1At,g sin g sin Oxo coS Yy sin Yo
— v;dAtzk €08 Ox1 €os Oka sin dia cos (Avy)
+ f1 Atk sin O1 cos O sin Ppa cos (Ay)
+ v;dAtzk Sin O cos Oxa sin g1 sin Pgo sin (Ay)
+ f1 Atk cos Oy cos Oga sin Pg1 sin Ppa sin (Arpy),  (40)

!’
€21 = Uy Aty sin i1 cos Oga COS Pg1 €OS Pko
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+ f1Atyk cos Ok cos Oxa cOS ¢ COS Yyo [8] J. X. Chai and H. Y. Shum:“Parallel projections
+ U;lAtrk sin O sin O cos Pg1 sin Py sin Yo for 4sét36r5ego r;((:)(())l(l)structlon,” Proc. CVPR’00, Vol.II,
. . . pp- - ’
+ f1 Atk cos Ok Sin Ok cOS Pp1 sin g sin Yo
SN 4 COS O11 Sin B COS cos [9] Z. Zhu, E. M. Riseman and A. R. Hanson: “Parallel-
k1= ] 1. k2 Ok2 Vi1 Perspective Stereo Mosaics,” Proc. ICCV’01, Vol.l,
+ fl Atrk Sin le Sin okg COS QSkQ [¢0)] wkl pp.345_3527 2001
— vy At sin Oy sin o sin CoS sin
ol Sk STk BT k2 T D1 08 P2 . Vi1 [10] D. Feldman, T. Pajdla and D. Weinshall:“On the
— f1 Aty €08 Oy sin Oz sin @1 cos Prasin ey, (41) epipolar geometry of the crossed-slits projection ,”
€22 = vy Aty 5in B 08 G2 COS Pyt i i Proc. ICCV’03, pp.988-995, 2003
+ f1 Aty cos Ox1 cos Oxa cOS Pp1 Sin Yo [11] A. Zomet, D. Feldman, S. Peleg and D. Weinshall:

!’
— Vg Aty €08 O1 sin G0 cos P sin g1

“Mosaicing new views: the crossed-slits projection,”

IEEE Trans. Pattern Anal. & Mach. Intell., Vol.25,

+ fi Atyk sin O sin O cos Ppo sin Yy No.6, pp.741-754, 2003

— Vg1 Aty Sin Oy Sin iz €O dpy Sin dra 08 P [12] J. Grodecki and D. Gene:“IKONOS geometric ac-
curacy,” Proc. Joint Workshop of ISPRS Working
Groups 1/2,1/5 and IV/7 on High Resolution Mapping
from Space 2001.

— f1Atyy cos Oy sin Oga cos Pp1 sin o oS Yy

+ Uy Aty sin O sin Ogo sin ¢p1 €os Pra cos Y1

+ fi1Atyy cos Oy sin Oo sin @rq cos pracos Pr1,  (42)

[13] H. Y. Lee and W. Park:“A new epipolarity model
based on the simplified pushbroom sensor model,”

Proc. Geospatial Theory, Processing and Applications,
ISPRS Commission IV Symposium 2002.

€93 = —v;dAtzk sin O cos Oka sin g1 cos (Ay)
— f1At, cos O cos Oxa sin ¢g1 cos (Ay)
— v;dAtzk €08 Ok1 cos Oka sin (Ay)
+ f1 Atk sin O cos Oa sin (Ary)
+ v;dAtzk €08 Ok1 sin Ogo sin dra cos (Ay)
— f1At . sin Oy sin Ogo sin @i cos (Ay)
- v;lAtzk sin O sin Oo sin @1 sin Pgo sin (Ay)
— f1At, cos O sin Oxa sin Pg1 sin dgo sin (Ay) . (43)

[14] S. M. Seitz and J. Kim:“The space of all stereo im-
ages,” Int. J. Computer Vision, Vol.48, No.1, pp.21-38,
2002

[15] E. H. Adelson and J. R. Bergen:“The plenoptic func-
tion and the elements of early vision,” Computational
Models of Visual Processing, pp.3-20, 1991

£ [16] M. Levoy and P. Hanrahan:“Light field rendering,”

References Proc. SIGGRAPH’96, pp.31-42, 1996

[1] H. Ishiguro, H. Yamamoto and S. Tsuji: “Omni- . . . .
directional Stereo” IEEE Trans. Pattern Anal. & [17] H.Y. Shum and L. W. He:” Rendering with concentric
Mach. Intell., Vol.14, pp.257-262, 1992 mosaics,” Proc. SIGGRAPH’99, pp.299-306, 1999

[2] S. Peleg and M. Ben-Ezra: “Stereo panoramas with a (18] http://www.povray.org/

single camera,” Proc. CVPR’99, pp.395-401, 1999

[3] H. Y. Shum and R. Szeliski: “Stereo reconstruction
from multiperspective panoramas,” Proc. ICCV’99,
pp.14-21, 1999

[4] F. Huang: “Epipolar geometry in concentric panora-
mas,” Research report of Czech Technical University,
CTU-CMP-2000-07.

[5] P. Peer and F. Solina: “Panoramic depth imaging: sin-
gle standard camera approach,” Int. J. Computer Vi-
sion, Vol.47, No.1/2/3, pp.149-160, 2002

[6] F. Huang, S. K. Wei and R. Klette: “Geometrical fun-
damentals of polycentric panoramas,” Proc. ICCV’01,
pp.560-565, 2001

[7] R. Gupta and R. I. Hartley: “Linear pushbroom cam-
eras,” IEEE Trans. Pattern Anal. & Mach. Intell.,
Vol.19, No.9, pp.963-975, 1997

YF]',F.

COMPUTER
SOCIETY

Proceedings of the 5th Int'l Conf. on 3-D Digital Imaging and Modeling (3DIM 2005)
1550-6185/05 $20.00 © 2005 IEEE




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
    /JPN <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


