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ABSTRACT a point will be the intersection of the projection ray with

i ' i im rface.
Practically all image rendering methods today use the perspec-the age surtace

tive projection, or try to approximate it. We develop a new Curiously, a physical X'Sl'ts_ camera was designed in the
image-based rendering approach which is based on a new pro19th century by one of the pioneers of color photography,
jection model — the Crossed-Sli¥sSlitsprojection. The model ~ Ducos du Hauron [9], under the title “transformisme en
is obtained by relaxing the requirement that all projection rays photographie”. Ducos du Hauron thought that X-Slits im-
intersect at a single point (the focal-point). Instead, projection ages would be used in the following (20th) century to “cre-
rays are required by definition to intersect two curves in space. aia visions of another world” [13].
Image based rendering of X-Slits images is very simple, and Independent of the physical device, we argue that the X-
is performed by non-stationary mosaicing from a sequence of g)jig projection model is useful and worthy of our atten-
images captured by a translating pinhole camera. The generyion  This is because new X-Slits images can be easily
ated mosaic images are closer to perspective images than tragenerated by non-stationary mosaicing from a sequence
ditional pushbroom mosaics. Rendgring of virtqal Walkthroqghs of images captured by a translating pinhole camera.
can therefgre be done merely by using non-stationary mosaicing,, non-stationary mosaicing vertical strips are sampled
without using any 3D model. from a sequence of frames and stitched together, just like
in regular mosaicing. We will often refer to the vertical
1. INTRODUCTION strips as “columns”, with the understanding that they can
be wider than a single pixel if necessary. What makes
Perspective projection forms the foundation of imaging. the process “non-stationary” is that the locations of sam-
Since our eyes, as well as most of our cameras, observe théled columns are different at different input frames. Non-
world through a pinhole (via a lens whose effects we shall stationary mosaicing can be used for rendering movies
ignore), we are used to viewing images that are generatedof virtual walkthroughs very efficiently, while providing
by perspective projections. Therefore, perspective pro- & strong 3D sensation of parallax, reflections and occlu-
jection is used in photography and in rendering from 3D Sions.
models, and presents no special difficulty in these cases.
The situation is different in image-based rendering (IBR), 1.1. The X-Slits Camera: Outline
where rays are collected from a set of input images and
resampled for the generation of new images [12, 4, 11, 8]. Fig. 1a shows the basic design of the X-Slits camera as
In order to create new perspective images of reasonablepuilt by Ducos du Hauron in 1888 [9]. A more general de-
quality, the requirements become prohibitive: the number sign is shown in Fig. 1b. Specifically, the X-Slits camera
of stored rays becomes larger than available memory, andhas two slitsl;, 1, which should be two different lines in
those rays are derived from a very large collection of care- R3, together with an image plad&that does not contain
fully taken pictures. any of the slits. For every 3D point not on either of the slits
In this paper we introduce and study a family of alterna- there is a single ray which connects the point with both
tive projection models. Specifically, we propose a fam- slits simultaneously. The intersection of this ray with the
ily of projections defined by two slits - the Crossed-Slits image plane defines the projected image of the 3D point.
(X-Slits) projection. In the X-Slits model, the projection The camerain Fig. 1a is a special case of the X-Slits cam-
ray of every 3D point is defined by the line that passes era, where the two slits are orthogonal to each other and
through the point and intersects both slits. The image of parallel to the image plane. We call this special arrange-
- ) ment the Parallel-Orthogonal X-Slits camera (POX-Slits
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video sequences [15, 16, 20, 7]. In most cases these im-
ages are used as a visual summary of the video, or for
3D visualization. The present work uses a similar mosaic-
ing technique with one important difference: the mosaiced
strips are sampled from varying positions in the input im-
ages. This makes the generation of virtual walkthroughs
possible.

In many image-based rendering (IBR) techniques rays from
a set of inputimages are collected and a new image is ren-
dered by resampling the stored rays [12, 4, 11]. In order to
create new perspective images of reasonable quality, the
requirements become prohibitive: the number of stored
rays becomes larger than available memory, and those rays
are derived from a very large collection of carefully taken
pictures. There are attempts to make IBR more efficient

(@)

(b)

Figure 1:(a) A design of a X-Slits camera where the slits
are orthogonal to each other and parallel to the image
plane (POX-Slits camera). The projection ray of a 3D
point p = (X, Y, Z) is shown, with circles showing its

intersection points with the 2 slits. (b) A general X-Slits
design, with two arbitrary slitd,, 1. Note that the cam-
era is define by the specific configuration of the two slits
and the image plane; any of these three factors can change

and more general [3, 1], or to use such approximations as
moving the camera in a lower dimensional space [17, 18].
The present work is mostly related to [17, 18, 3] with
several differences: First, rather than trying to approxi-

mate the perspective projection, we accurately define the
projection geometry of the resulting images, and analyze
the model limitations. Second, the rendering tool is very
a many-to-one mapping from the 3D world to the 2D im- simple - slicing of the space-time volume obtained by a
age plane. In Section 2 we develop the specific equationssimple motion of a perspective camera. Consequently the
of the camera mapping as a function of the dlitd, and most important feature of our technique is the fact that
the image planél. ray-sampling for the generation of new views does not re-
In Section 3 we discuss how to generate new X-Slits im- quire detailed accounting of the parameters of the gener-
ages from images taken by a regular pinhole camera trans-ating images. As we show below, if the camera’s motion
lating along a line in 3D space. Specifically, we show that is sideways and constant, every vertical planar slice of the
virtual X-Slits images can be generated by non-stationary space-time volume givesomevalid X-Slits image.
mosaicing of perspective images, or equivalently by slic- The idea of using linear non-stationary mosaicing for IBR
ing the space-time volumef images. A readily available ~ and the generation of a virtual walkthrough was originally
tool for slicing this volume is the “video cube” [10]. reported in [19]. But while the bi-centric camera model
Applications are discussed in Section 4. The first applica- @nalyzed in[19] is mathematically equivalent to the POX-
tion includes the generation of an arbitrary virtual walk- Slits analyzed below, the general X-Slits model and the re-
through from a single sequence of images without using alization with two slits are new. This realization allows for
any 3D model. The results show that in many practical a wider range of applications, as discussed in Section 4.
cases the discrepancies between X-Slits images and per-
spective images are hardly noticeable. The second appli-
cation is 3D object visualization. The X-Slits model al-
lows us to virtually place one slit behind an object, keep- In Section 2.1 we derive the projection model of the X-
ing the other slit in front of the object. Such visualization Slits camera. Properties of this model are discussed in
can be useful when one wants to see simultaneously dif- Section 2.2. Special configurations of slits and planes are
ferent sides of an object. We note that both applications discussed in Section 2.3. All derivations are done in the
are done by plain mosaicing, without recovering the scene projective space®? andP?, where points ifR? andR3

or object geometrical model. respectively are represented by homogeneous coordinates.

independently, giving rise to a different X-Slits camera.

2. THE X-SLITS PROJECTION

1.2. Relation to Previous Work 2.1. Projection Geometry

Consider the camera configuration as shown in Fig. 1b.
Theprojection rayof a pointp € P32 should intersect the
two camera slitd;, 1,. The pointp defines a plane with
1The space-time volume is simply a stacking of the input images, ?aCh of the slits, since a_plane 1S Fjefln(_ad by a point and a
ak.a. the epipolar volume. line. These two planes intersect in a line, the projection

Much work was done on non-perspective projection mod-
els [14] and the generation of non-perspective images from




Figure 2: Simulated X-Slits images of an artificial scene;
(a) POX-Slits image using the projection equation from
Eq. (2). (b) A regular pinhole iage. (c)Same as (a), but
with the vertical slit rotated about thg axis. (d) Same as
(a), but with the vertical slit rotated about th€ axis.

ray of p. The image o is the intersection of this pro-
jection ray with the image plane. Furthermore, all points
on a projection ray will project to the same image point
(unless the ray lies on the image plane).

We can show that the projection equations friBrhto P2

of the X-Slits projection model can be described as fol-
lows:

x p’S1Q1S:p
y | < | p"S1Q2S:p 1)
w p’S1Q3S2p

where the 3D poinp is projected to the 2D image point
(&, Z). All 4 x 4 matricesS;, S», Q1, Q2, Q3 are anti-
symmetric; moreover, ea®y depends only on optical slit
i, while Q1, Q2, Q3 depend only on the plane of projec-
tion I1. MatricesQ1, Q2, andQ3 are the Rlicker matrix
representations of the imagéaxis, the imagé” axis and
the image line at infinity, respectively (all in 3D).

2.2. Properties of the X-Slits Camera

To get some intuition for X-Slits images, Fig. 2 shows ex-
amples of X-Slits images as compared with pinhole im-

rather minor. Many scenes, particularly natural scenes, do
not have very dominant straight lines, in which case this

distortion is hardly noticed. Furthermore, people are ac-

customed to similar effects caused by lens distortions.

2.3. Special Case: the POX-Slits Projection

A configuration of special interest is when the two slits
are orthogonal to each other and parallel to the image
plane. We will refer to this configuration as POX-Slits
(see Fig. 1a).

We first fix the slits by assigning; = (1,0,0,0)7, v,
(0, 0,1, *Zl)T, ug = (0, 1,0, O)T, andvs = (0, 0,1, 722).
This defines a vertical slitaX = 0, Z = Z; and a hor-
izontal slit atY = 0, Z = Z;. We also denote\ =
Zo— 7. Planell istheX — Y plane atZ = 0, and there-
fore we can assigm = (0,0,0,1)7, j = (1,0,0,0)7,
k = (0,1,0,0)”. From (1) it follows that

o X
(v)-(Z25)
Y ~Zog=7;
These projection equations are identical to the model ana-
lyzed in [19], where it was called bi-centric projection.

)

2.3.1. Projection of Straight Lines

Recall that under the perspective projection straight lines
are projected to straight lines, and under the X-Slits pro-
jection straight lines are projected to conic sections. Let
us look more closely at the images of lines in the POX-
Slits case. If the 3D line is perpendicular to theaxis,

i.e., of the form(a + ¢\, b + d\, e), then its image is the

curve(z,y) = (—21 Zj;?,—ZQ%), which is a line.
If the 3D line isnotperpendicular to th& axis, i.e., of the

form (a + cA, b+ dA, X\), then its image is the curve

(z,y) = (21 ®3)

A—27,

Solving for\, we can find that the straight line is projected
to an hyperbola.

ages of the same scene. We also show the effects of vary- 3 5 Aspect Ratio Distortions

ing the relative geometry of the slits and image plane.

2.2.1. Projection of Straight Lines

The most apparent aspect of the distortion in POX-Slits
images is the variation of aspect-ratio (especially in push-
broom images [5]). The apparent aspect-ratio of objects

It can be shown that in X-Slits images, the image of a 3D in the image depends on their depth. This is unlike the

line is a conic. The distortion of straight lines is illustrated
in Fig. 2. In practice this distortion is not very disturbing,

perspective model, in which the distortion in aspect-ratio
is constant for all objects.

as can be seen in the examples in Section 4. In the vari-From (2) it follows that an object at dep#hwith aspect-
ous scenes we have experimented with, this distortion wasratio of 1 would appear on the image plane to have an



aspect-ratio of 2. A vertical slit that is parallel to the image’s vertical
axis, and its location is determined by the parame-
Ay 2 Z-2 (4) ters of the mosaicing process.

AxiZl Z—Zg

New view synthesis is performed by non-stationary mo-
In practice, we found this distortion to be typically rather - sajcing defined as follows:
insignificant. If the range of depths of scene objects is
not too large, we can normalize the image to compensate e From each framg sample the vertical column (strip)
for this distortion by scaling, as discussed in Sect. 3.2.2. centered on the horizontal coordinate).
Specifically, if we cancel the aspect-ratio distortion for

some intermediate depth val#®, the distortion at depth o Paste the strips together into a single image, as in

Z would be “regular” mosaicing.
Z—71 Zy— Zy In the general case we may sample slanted strips rather
7 — 2y Zo— 27, ®) than vertical columns (strips), and the orientation may also

change as a function of In this case the vertical slit of the

To demonstrate the magnitude of the distortion, consider underlying virtual camera will not be the image’s vertical
the following example: Suppose the depth range of ob- axis, but some other direction parallel to the image plane.
jects in the scene i8 — 5 meters (measured from the The parameters of the strip sampling functign) deter-
horizontal slit atZy, i.e.,3m < Z — Z; < 5m), and  mine the exact location of the vertical slit of the virtual
assume that the images are normalized so that objects agamera. Using this observation, a virtual walkthrough is
the depth of3.84m appears undistorted (i.€Zo — Z1 = the result of generating a sequence of X-Slits images via
3.84Tﬂ). If the vertical slit is behind the horizontal slit at non_stationary mosaicing, while moving the vertical slit
A = —2.5m, the aspect-ratio distortion would not exceed along a planar path. Adjusting the image plane orienta-

10%. tion is done by warping the mosaiced image.
In Section 3.1 we show how to sample vertical strips from
2.3.3. X-Slits vs. Other Projections the input images in the sequence in order to generate a

o _ _valid X-Slits image. We also discuss the relation between
Many projection models are special cases of the POX-SIits {1 sampling function(¢) and the parameters of the vir-
camera. tual X-Slits camera. In Section 3.2 we discuss implemen-
tation issues, including the deviation from constant speed

e Perspective Projection — the two slits intersect; the : -
and aspect-ratio normalization.

intersection point is the optical center of the per-
spective projection.
3.1. Non-Stationary Strip Sampling

o Parallel Projection — both slits are at infinity. o i
We start our analysis in with the simplest case where the

e Linear Pushbroom [5] — the vertical slit resides on input image sequence is generated by a camera moving
the plane at infinity. It was shown in [5] that a line  sideways in a direction parallel to tt&-axis of the image.
in 3D is projected by this projection model to a hy- The camera is also assumed to be internally calibrated. In
perbola in the image. This is a special case of the this simple case the new synthesized image is in fact a
result shown in Section 2.3.1. POX-Slits image (see Section 2.3), and the non-stationary
strip sampling is a linear function. We show below the ex-
act relation between the parameters of the linear sampling
function and the parameters of the virtual POX-Slits cam-
Our goal is to synthesize new X-Slits views from “regular’ €ra. It can also be shown that a linear strip sampling func-
perspective images. The input sequence is assumed to b0, éven when the camera is not internally calibrated, al-
captured by a pinhole camera translating along a horizon- Ways results in an X-Slits image (but not necessarily POX-
tal line in 3D space in a roughly constant speed, and with- $|ItS). When the mot|on_ofthe camerais nqt parallel to the
out changing its orientation or internal calibration. As we IMage plane, the sampling function is not linear anymore.
show below, we can generate a new X-Slits image where When the basic assumptions of the analysis are violated,

the two slits of the underlying virtual X-Slits camera are namely, the camera changes its orientation and internal
defined as follows: calibration arbitrarily along the input sequence, we need

to preprocess the sequence. One solution involves regis-
1. Ahorizontal slit lies on the path of the optical center tering all the images with each other using the homogra-
of the moving pinhole camera. phy of the plane at infinity. This computation requires,

3. NON-STATIONARY MOSAICING
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Figure 3: The non-stationary column sampling routine
which is used to synthesize new images. 4 “\ !
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however, either internal camera calibration or some do-

main knowledge (such as parallel lines in the scene). b)
Let our input be a sequence of images captured by a pin-
hole camera translating in constant speed alondtlagis
from left to right. We generate a new panoramic image by
pasting columns from the input images, as illustrated in
Fig. 3. We start by sampling the left column of the first
(leftmost) image, and conclude by sampling the right col- or

umn of the last (rightmost) image. In between, intermedi-

ate columns are sampled from successive images using a - L+ Tf ) _X
linear sampling function. r Z+fL
A schematic illustration of this setup is given in Fig. 4a,
in a top-down view. A sequence of positions of the real
pinhole camera is shown, together with the corresponding
field of view. The moving input camera, whose optical
centers are located at positioo®) = (X,0,0), gener-
ates images according to the following mapping:

Figure 4: New image formation with two possible posi-
tions of the vertical slit (see text).

Observe that this defines a vertical slitat= — f 71 (see
Fig. 4a). The horizontal slit is & = 0, same as for each
pinhole camera. Eq. (6) therefore becomes the following
projection

X-X, Y wheref, = Y f is the horizontal focal lengthf, = f
= Xv sz g = ) = yJ 6 . oo . Y
p = ) p=(@y) =/ Z fZ) © is the vertical focal length, and = f% is the distance

between the two slits.
We denote the range of columng) (n each pinhole im-  Suppose next that instead of taking the&olumn from the
age ag—r, 7], and the range of camera pinhole positions camera atlt, 0,0), we choose an arbitrary linear column
(X¢) as[-1,1] (see Fig. 4a). The new synthesized im- sampling function. More specifically, for= s + 3, we
age is constructed by pasting columns from the input im- take thers column of thelt camera, see Fig. 4b. (Recall
ages. The range of columns in the synthesized imagethatr, [ are fixed, whilet, s are free parameters which de-
S [~(r +1),r + 1]. For eacht € [-1,1], we assign  termine the rate of column sampling). Let the field of view
to the (I 4 r)t column of the new image the image val- of the original pinhole camera 9. It can be shown that
ues at the't column of the pinhole camera positioned at such a choice of columns defines the mapping
(1t,0,0) (i.e., X; = It, see Fig. 4a). It now follows from
Eq. (6) thatrt = f2-L. In addition, for each column L ox_a v
z € [—(r +1),(r +1)] in the new imaget = - and (z,y) = ((f + @ ) ﬂl L= ) (8)
therefore tant’ Z + 25

This can be written simply as

t A l X - X
X%Z+ltx<l+%-7+l+—r> (xvy)=(fiz+A0,fyZ) ©)



whereXy = 8l, A = tanG fy=fandf, = f+ A. 3.2.2. Aspect-Ratio Normalization
The method described so far produces images which do
not follow the perspective projection model, since the fo-
cal lengths are not the same vertically and horizontally.
They do, however, follow the X-Slits projection model de-
fined above. To see this, we observe that all rays produc-
ing the image must intersect the following two lines:

The most apparent aspect of the distortion in X-Slits im-

ages is the variation of aspect-ratio, as analyzed in Sec-
tion 2.3.2. To reduce this distortion, we vertically scale the

new images. This normalization is essential for achieving

compelling results.

Specifically, the distortion on thienage planeof objects

1. The line of camera motion: this is because each at depthZ given in Eq. (4) can be written agZ -

projection ray must be collected by some camera N the notation of Eq. (9). In order to keep the horlzontal
whose optical center is on this line. field-of-view angle constant in the walk-through anima-

tion, we sample all the columns from left to right (from

2. The vertical line located X, Zo) (as in Eq. (9),  the appropriate frames, according to the column sampling
whereZ, = Z + A); this is shown above to be the ~function). Without any scaling, this process generates an
vertical slit. image in which only the plane at infinity(= oo) appears

undistorted. Therefore, in order to cancel the distortion at
The projection model is therefore defined by a family of depthZo, we must scale the image vertically by the factor:
rays intersecting a pair of liness{its” ), projecting 3D
points onto a plane. Moreover, the model is POX-Slits 1+ é (10)
(compare Eq. (9) with Eq. (2)). Zo
In the derivation leading to (9) we effectively showed that
any linear sampling function yields a valid new POX-Slits 3.2.3. The Space-Time Volume
image. Furthermore, we can set the location of the ver-
tical slit to (Xo, Zo) by fixing o = —Z£2 tan¢ and g =
%. This result enables us to synthesize new views of
the scene with any vertical slit of our choice, by sampling
the columns of the original input sequence according to t=as+3 (11)
t = as+ [, with o andg assigned the appropriate values.

In Section 3.1 we described how to synthesize a X-Slits
image by sampling columns from the inputimages. Specif-
ically, we discussed the following linear sampling formula:

wheret denotes the camera translation. Recall that

are free parameters which control the location of the ver-

tical slit.

In this section we discuss what to do when the motion of A useful representation for the visualization of this pro-

the camera deviates from constant speed (Section 3.2.1)cess is the Space-Time Volume (or ygipolar volumg,

and how the aspect ratio of the resulting mosaic is deter- which is constructed by stacking all input images into a

mined (Section 3.2.2). We also present an alternative im- single volume. In case of constant sideways camera mo-

plementation of mosaicing, namely the slicing of space- tion, any vertical planar slice in the volume according to

time volume (Section 3.2.3). (11)is a X-Slits image. This process is illustrated in Fig. 5;
it assumes that the input sequence has high frame-rate
and negligible spatial aliasing, so that simple interpola-

3.2.1. Variable Camera Speed tion (such as bilinear or bicubic) of the volume is suffi-

cient. Thus rendering new X-Slits images is as simple as

slicing a plane in the space-time volume.

3.2. Implementation Issues

When the camera moves in a linear trajectory but varying
orientation and speed, we compensate for this variability
by estimating camera motion (see [6]) and by derotating
the image planes. We found that when the changes in cam- 4. EXPERIMENTAL RESULTS

era orientation are small, a simple approximation is suffi-

cient. Specifically, we compute the 2D rotation and trans- We use a camera moving in an horizontal plane. As dis-
lation between consecutive input frames using the methodcussed above, new view generation in this case is done
described in [2], and warp the images to cancel any 2D by sampling vertical strips from successive images and
rotation and vertical translation. The residual 2D transla- pasting them together into individual X-Slits images. The
tion is used to estimate the 3D velocity of the translating parameters of the atrip sampling function determine the
camera, and which determines the thickness of the verticallocation of the vertical slit of the X-slit camera. In our
strip. This approach is similar to the pushbroom mosaic- experiments below, we manipulated the parameters of the
ing technique described in [15]. sampling function so that the location of the vertical slit



Figure 5:A schematic description of images generated as
slices in the space-time volume. a) Changing the orienta-
tion of the slice moves the vertical slit inside and outside
the scene. b) The central slice gives a pushbroom image
(the “traditional” mosaic). Sliding parallel slices in the
space-time volume results in different viewing directions
of skewed pushbroom images.

moves according to the desired ego-motion. A very com-
pelling impression of camera motion is obtained, even
though the horizontal slit of the X-slits camera, which is
the trajectory of the input camera, remains fixed. (e)

Next we discuss two applications: the generation of a

virtual walkthrough from a sequence of perspective im- Figure 6: This scene is located in a small room where
ages (Sections 4.1 and 4.2), and 3D object visualization moving backward to capture the whole room is impossi-
(Section 4.3). Another application, which is not demon- pje. The scene was filmed by a sideways moving camera,
strated here, is the generation of oblique stereo panora-otg| of 591 frames; one of the original frames is shown
mas. Specifically, we can generate two X-Slits images us- i (a). We show three new images: one where the vertical
ing the sampling function from (11) with the samebut slit is located in front of the original track (b), and two
two different5’s. This gives us a stereo pair, where the \yhere the vertical slit is located behind the original track
two images have an identical horizontal slit but a shifted (¢-q). For comparison, we took a normal (pinhole) picture
vertical slit. from the same location as (c), where part of the scene is
The input video sequences used in our examples, as wellobscured by the wall; this picture is shown in (e), and it
as the synthesized walkthrough movies, are currently avail-demonstrates our ability to make images from impossible
able on the web at camera positions. Finally, (f) shows a simulated image
http://lwww.cs.huji.ac.il/”daphna/demos.html where the camera was translated and rotated.

4.2. New Views of Extended X-Slits Images

4.1. Virtual Walkthrough In this example we show how to generate new views from

. ) . ) a sequence of a rotating object, where the new sequence
In the first experiments (Figs. 6-8) we synthesized new gemonstrates forward motion with parallax (Fig. 10). The

sequences which correspond to a camera motion that hagyrojection model of the new images corresponds to to the
forward motion component, with visible parallax and light- -3se where one slit is a circular slit.

ing effects. In addition, the direction of the image plane

was changed quite a bit. . , N
. 4.3. Object Visualization
Another example used a real sequence taken by a heli-

copter flying along a rocky coast in an unknown path and Here we demonstrate the use of the X-Slits projection for
viewing direction (Fig. 9). Here we synthesized a new object visualization. Specifically, we show how an object
sequence which corresponds to a forward moving cam- can be “flattened”, revealing several of its sides simultane-
era. This sequence was more challenging since the inputously. This is done by positioning the vertical slit behind
sequence was taken in free motion with random distur- the object (Fig. 11). Since the image is a valid X-Slits im-
bances (e.g., the effect of wind), and thus motion com- age that can be characterized and analyzed, we need not
pensation was required. worry about such issues as duplicate images, which usu-



Figure 8:Virtual walkthrough from a translating camera.
. . ' ) . a, b) Two frames from the input sequence. c, d) Two im-
Figure 7: This scene was filmed by a sideways moving 446 rendered in forward motion. Note the apparently re-

camera in our lab, total of 567 frames. We generated a
X-Slits movie where the virtual camera rotates about an
object in the scene (a-b), and then translates ahead in a
diagonal (c).

alistic changes in parallax and reflection.

ally require hand-crafted stitching.

5. CONCLUDING REMARKS

We presented a new non-perspective projection model, whicﬁ)
is defined by two slits and a projection surface. The main
application we pursued in this paper is new view gener-
ation, or image based rendering. New view generation
with the X-Slits camera is greatly simplified as compared

with perspective new view generation, as it is performed Figure 9:Virtual walkthrough generated from a sequence
by non-stationary mosaicing, or by slicing the space-time taken by a freely flying helicopter. a, b) Two frames from
volume. The X-Slits theory helps the user to “drive” the  the input sequence. ¢, d) Two images rendered in forward
slicing process in order to get the desired effect. When motion (diagonal slices). e, f) Two images rendered in
compared to traditional mosaicing, X-Slits images can be different viewing angles (parallel slices).

shown to be closer to perspective images than linear push-
broom images.

Using our method we can also generate new images taken
from “impossible” positions, like behind the back wall of
aroom or in front of a glass barrier. Movies with new ego
motion can also be generated, such as forward-moving
movies from a side-moving input sequence. Although not @)
perspective, the movies generated in this way appear com-
pelling and realistic.
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