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Abstract

Geometric transform (G.T.) of images is a critical operation in commercial
television, film producing and advertisement design. All geometric
transformation operations are performed by moving pixel values from their
original spatial coordinates to new coordinates in the destination image.
The traditional algorithms for geometric transformation are time consuming
and not accurate. With a very few exceptions, all geometric transformations
result in some output pixel locations being missed because no input pixels
were transformed there. This paper presents an easy-to- implement and very
efficient algorithm for image geometric transform. The idea behind the
proposed algorithm comes from the current work on transferring properties
between images, where various types of properties (i.e. transformation
filters) are to be learned from one source image — and applied to another
target image. The results demonstrate the efficiency effectiveness of the
proposed algorithm.
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1. Introduction

Geometric transformations provide the ability to reposition pixels within an
image. Pixels may be relocated from their (x,y) spatial coordinates in the source image
to new coordinates (x'y") in the destination. Each pixel of the source image is
transformed, pixel by pixel, to its new location in the destination image. Geometric
transformations are used to register multiple images, correct geometric distortions
introduced in the image acquisition process, or to add visual effects. [Bocheck 2000]
Geometric transforms which might be called Spatial Image Transform, like any other
image transforms take a long time to perform the transform operations. In spite of the
time is acceptable for one image, it is very long when it is used for a large numbers of
movie frames. Moreover, some transformations are very complex; they need a large
and complex program. Another problem with geometric transform is that several
geometric image operations, such as Rotate, Shear, Fish-Eye and others use a
geometric transformation to compute the coordinate of a source image point for each
destination image pixel. In most cases, the destination pixel does not lie at a source
pixel location, but rather lands somewhere between neighboring pixels. The estimated
value of each pixel is set in a process called interpolation or image re-sampling.
In recent years, much interest has been directed toward capturing properties from one
image (or movie) and transfers them to another. For example, the general technique of
Hertzmann et al — image analogies can learn various types of filtering transformations
from pair of images and then apply the learned filters to other images that as a result
of the process, inherit properties from the original image. In practice, image analogies
involves two stages. In design phase, a designer creates a filter from training images A
and A'. The designer also sets the parameters that control how various types of
features in the images are weighted in the image analogy. The filter is then stored to a
filter library. Finally in the application phase, the end user, probably without further
knowledge of image processing, can apply the filter to some image [Hertzman2001].
The image analogies algorithm assumes that the colors in A and A' correspond to each
other in the same pixel position p. The images need to contain the information of
RGB color, luminance and various filter responses. This information combined we
will have the feature vector for each pixel [Huttunen2004].
Image analogies can be used for many different applications. Applications where an

image analogy has been applied so far are: Image filters, Texture synthesis, Texture



transfer, Artistic filters, Texture-by-numbers, super resolution and image
colorization. [Huttunen2004]
Although the applicability of image analogies in a wide area of applications, it
encounter some drawbacks. The biggest problem in image analogies framework is
probably the slowness of the algorithm. The memory intensiveness is largely due to
the use of Approximate-Nearest-Neighbors (ANN) in approximate search. Also, the
feature selection is problematic since each approach fails in some situation
[Huttunen2004]. Additionally, image analogies cannot be used to learn the
geometrical transformations where only the pixel coordinates are affected by the
transform. That is because the algorithm focused on the image colors information
rather than pixel locations.
In addition to image analogies, a variety of methods exist which are specifically
tailored for transferring a single property from one image to another. For example, the
curve analogies of Hertzmann et al [Hertzmann2002] is used to learn statistical
models of 2D curves, and shows how these models can be used to design line art
rendering styles by examples.
Color transfer of Reinhard et al [Reinhard2001] used a simple statistical analysis to
impose one image's color characteristics on another, a color correction can be
achieved by choosing appropriate source image and apply its characteristics to
another image.
Geometric texture transfer of Lai et al [Lai2005] presents an automatic method which
can transfer geometric textures from one object to another and can apply a manually
designed geometric texture to a model. It involves geometric texture extraction,
boundary consistent texture synthesis, discretized orientation and scaling, and
reconstruction of synthesized geometry.
Texture transfer by Mertens et al [Mertens2006] presents a technique to transfer such
geometry-dependent texture variation from an example textured model to new
geometry in a visually consistent way. It captures the correlation between a set of
geometric features, such as curvature, and the observed diffuse texture.
In this paper, a new method is proposed to transfer any geometrical transform from
source filtered image to the target unfiltered image. The contributions of the work are:
e Geometric transformation filters are to be performed on the target image
without any need to know in advance or to define explicitly the original

transformation equations.



e to0 be easy-to-implement and user-friendly, and

e to provide accurate results.
Next section presents a general introduction to geometrical filters. Then, section (3)
discusses the framework of the proposed algorithm followed by results and

conclusions with possible future directions.

2. Geometrical Filters

An image filter can be thought of as 'something' applied to one image in order
to produce another image [Waltman2001]. There are four categories of image
filtering, or processing, algorithms: point processes, area processes, frame processes,
and geometric processes. Point processes alter each pixel in an image based only on
the original value of the pixel. Area processes alter each pixel based on the values of
the original pixel and the values of the surrounding pixels. The surrounding pixels are
usually defined by choosing a radius and a square ‘kernel’ of pixels (with the chosen
radius) around a center pixel. All pixels inside the kernel are processed in order to get
a new value for the center pixel. Frame processes are used to combine images; new
pixel values are determined by that pixel’s relationship to one or more other images’
corresponding pixel values. Geometric processes are like point processes (i.e. only
one pixel value is used to determine a new pixel value) but the new pixel value is

based upon some geometric transformation. [Lindley1991]

2.1. Image Deformation Model
The general image deformation model can be described as:

* Let (u, v) represent the image coordinate in an original image, and (X, y) in a
deformed (or warped) image. We use a function pair to relate corresponding pixels in
the two images:
- Forward mapping:  x=x(u,v), y=y(u,v)  .......... (2.1)
- Inverse mapping: u=u(x,y), v=v(x,y) . (2.2)
* Let f(u, v) denotes the original image and g(x, y) the deformed image. Then they
are related by:

Inverse ¢ g(x,y) = f(u,v) = fu(x,y),v(x,y)) .......... (2.3)

Forward ¢ f(u,v) = g(x,y) = g(x(u,v),y(u,v)) .......... (2.4)



2.2. Affine transformations:

An affine transform is a transformation of an image in which straight lines remain
straight and parallel lines remain parallel, but the distance between lines and the
angles between lines may change. Affine transformations include translation, scaling,
and rotation.

a) Translation: An object is translated by using two parameters, tx, ty, the new
coordinates are defined as: [LaValle2006]

X=X+, VE Y+l (2.5)
b) Scaling: Changes the size of the object by multiplying the coordinates of the points
by scaling factors: Sx, Sy, such that

X'=X* Sy, Y=y*sy, wheresy, sy<>0 ... (2.6)
c) Rotation: an object can be rotated counterclockwise by some angle (t), by mapping
every (X, y) of object as: [LaValle2006]

(X', y') — (xcos (t) - ysin(t), xsin(t) +ycos() ........ (2.7)
d) Shearing: Changes the shape of the object.

Shear along the x-axis: X'=x+ay, y=y ... (2.8)

Shear along the y-axis: X'=X, y=bx+y  ............... (2.9)

e) Transposing (flipping): It reflects an object over a line. Reflections over a line take
every point to a point directly across the line, as if the line were a mirror. More
precisely, the image of a point P under a reflection over line L is on the line through P
perpendicular to L and is the same distance from L as P is. In still other words, the

line L is the perpendicular bisector of the segment between P and its image.

2.3. Warping:

Affine transformations are linear geometric transformations, which mean it
cannot introduce curvature in the mapping process. Image warping is a type of
geometric transformation that introduces curvature into the mapping process. The
introduction of curvature is important when an image has been distorted through lens
aberrations and other non-linear processes. Warping transformations, also known as
rubber sheet transformations, can arbitrarily stretch the image about defined points.
This type of operation provides a nonlinear transformation between source and

destination coordinates.



a) Fish-eye lens effect:

In this effect, the image appears to bulge outward, ideally, as if it was pushed
out from behind using a sphere. This effect is done by a geometric transformation of
pixels within a certain area. In this case, the area is the largest circle that will fit
inscribed in the center of the image. It is modeled on the actual optic structure of a
fish’s eye that the resolution is highest in the center and degrades toward the
periphery [Waltman2001]:

new_radius = s log(1l + w(old_radius))  .......... (2.10)
where w [0.001..0.1], appears to be the amount of curvature, or how much the center
of the image is pushed forward. R is the maximum radius and s is calculated based on
the following: s=R/logw*R+1) ... (2.11)
if the inverse of the fish-eye function is used, the resulting image would appear to be
pushed in, instead of being pushed out. Here is the inverse function [Waltman2001]:
new_radius = (e™(old_radius/s)—-1)/w) .......... (2.12)
b) Polar coordinates effect:

The idea here is simple. Pretend that the pixels in our Cartesian-based image
are actually polar coordinates and display them using the Cartesian system. That is, a
pixel at coordinate (x,y) has a corresponding polar coordinate radius and angle (r,a),
using the center of the image as the polar origin. Here, to find a value for the filtered
image, we find (r,a), then use r = x, and a = y and plot the point in our Cartesian
system. The conversion to polar coordinates from Cartesian, is based on geometry and

trigonometry [Waltman2001]:

radius = sqrt(x*x + y*y) ... (2.13)

angle=arctan(x/y) ...l (2.14)
Although not used in this filter, the conversion back to Cartesian is given by:

x =radius * cos(angle) ... (2.15)

y =radius *sin (angle) ... (2.16)

c) Wave effect: The Wave effect distorts the image as if it had been disturbed by a
number of random waves, as follows:
x(u,v)=utsin(v);  y(uv)=v; ... (2.17)
d) Twirl effect:
The effect distorts the image as if it had been twisted. Rotates a selection more
sharply in the center than at the edges.
X(u,v)= (u-Xp) cos(t) + (v-yo) sin (t) + Xg ....... (2.18)



y(u,v)= -(u-Xo) sin(t) + (v-yp) cos (t) +yo .......... (2.19)
where (Xo, Yo) is the center point coordinates. Figure (1) shows the fish-eye, polar-
coordinates, wave, and twirl effects.

c. wave effect d. twirl effect

Figure (1): fish-eye, polar, wave, and twirl effects
depending on the above transform equations, it can be seen that these transformations
take a long time to complete. That is because the transformations use a time

consuming functions like sine, cosine, logarithm, and exponential.

3. Framework of the Proposed Algorithm

The proposed algorithm is mainly divided into three phases: source image
creation, training, and application phases. At first, the S-Image is created by setting
the color value of each pixel by the pixel's coordinates, then applying any geometric
filter on S-Image using any software (ex. Photoshop) to produce S'-Image. Finally this
S'-image can be used to apply the learned filter to any target image.
3.1 Source Image Creation

This is the core phase of the proposed algorithm. In this phase, the S-Image is
created. The main idea in S-Image creation process is to set the color components of
S- pixels to their locations. This can be done easily by setting the R-components to the
X-coordinates and the G-components to the Y-coordinates of the S-pixels. Formally

speaking, S-Image should hold the following properties:



a) Its size equal to the size of the target image:
Sizes = nt x my pixels where ntand my are, respectively, width and
height of the target image.

b) For each pixel, set red component to x-coordinate and green component to
y-coordinate of that pixel, set blue component to zero.

Pseudo codel states the S-Image creation process.

Pseudo codel (S_Image Creation)
Input: nt: width of the target image.
mt: height of the target image.
Output: S_Image of size ntx mt
Begin
For i=1tony
For j=1to my
S _Image(i, j).R=i
S_Image (i, J).G=j
S _Image (i, j).B=0
Next j,i
End

Figure (2), shows the S-Image with size of 255 X 255, and for simplicity, it shows the

pixel values of the first 5x5 pixel area.

11 12 13 14 15

21 22 23 24 25

31 32 33 34 35

41 42 43 44 45

g A W N

51 52 53 54 55

Figure 2: S-Image creation
This image can be used to learn any geometric filter. The new pixel location can be
traced using its color value.
3.2 Training Phase
Following source image creation phase, is the creation of the filtered source
image S' which corresponds to the training phase, where any geometric filter can be
trained on S to create S'. Thus, we can imagine that the role of this phase is as meta-

learning the geometric transformation function. If for simplicity, the target image is




5x5 pixels size, figure (3) shows the contents of S' after applying the horizontal-
reflection filter on S-image as usually done in the graphic software (e.g. in Adobe
Photoshop).

11 12 13 14 15 15 14 13 12 11
21 22 23 24 25 25 24 23 22 21
31 32 33 34 35 35 34 33 32 31
41 42 43 44 45 45 44 43 42 41
51 52 53 54 55 55 54 53 52 51
S-Image S'-Image

Figure 3: S-Image and its reflection (S'-Image)

3.3 Application Phase

In this phase, both source filter image (S') and the target image (T) are used to
create the filtered target image (T'). Every pixel in T' is set by the value of T at the
position (X, y) denoted by the (Red, Green) color components of S'. Thus: S' is used as
a lookup table. Pseudo code (2), states the application phase steps, and figure (4),

shows the contents of S'-Image, T-Image (sample contents), and T'-Image.

Pseudo code 2: Application Phase
Input: S'_Image, T_Image
Output: T'_Image ""The geometrically filtered target image"
Begin
Fori=1ltont
Forj=1to my
X=S'_Image (i, J).R
Y=S' Image(i, j).G
T'_Image (i, j).R =T_Image(x, y).R
T' Image (i, j).G =T _Image(x, y).G
T'_Image (i, j).B =T_Image(x, y).B
Next j,i
End
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T'-Image
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35 34 33 32 31 160 | 161 | 162 | 163 | 164
45 |44 43 42 41 165 | 166 | 167 | 168 | 169
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S'-Image T-lmage (sample contents)

Figure 4: T'-Image production, application phase

The contents of T'-Image are obtained from by applying the application phase

algorithm as follows:

T Image(i,j)=T_Image(S'_Image(i,j).R, S'_Image(i,j).G)
T'_Image(1,1)=T_Image(1,5)
T'_Image(1,2)=T_Image(1,4)

T' _Image(1,3)=T_Image(1,3) , and so on.

4. Results

Figures (5,6), show the results obtained by applying the learned filters on the
target image, and for comparisons, the results of the same filters applied by Adobe

Photoshop software are also shown.

S-Image T-Image

S-Image (Fish-Eye) filter  T'-Image (Fish-Eye) filter,  T'-Image (Fish-Eye) filter,

using S'-Image using Photoshop

Figure (5): Results




S'-Image (Ripple) filter

T'-Image (Ripple) filter,

using S'-Image

T'-Image (Ripple) filter,
using Photoshop

S

S'-Image (Wave) filter

T'-Image (Wave) filter,
using S'-Image

T'-Image (Wave) filter,
using Photoshop

S'-Image (Shear) filter

T'-Image (Shear) filter,
using S'-Image

T'-Image (Shear) filter,
using Photoshop

S'-Image (Polar) filter

T'-Image (Polar) filter,
using S'-Image

T'-Image (Polar) filter,
using Photoshop

Figure (6): Results
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5. Conclusions

Based on the results presented in this work, it can be concluded that the
proposed algorithm presents a good and efficient solutions to the problem of image
geometric properties transferring. While developing the algorithm, the following
aspects are realized:

a) The size of the target image should be the same as the source image. So
the target image should be preprocessed to have the same size of the
source image. The image size should not exceed 255 x 255.

b) In the proposed algorithm, there are no complex computations; the time is
waste only for extracting the color components.

c) Using the proposed algorithm makes all transformations take the same
time to complete. ( i.e. the time needed for the simple reflection
transformation, is the same for the very complex fish-eye transformation) ,
that is because the algorithm applying filters by just make mapping
between images.

d) Scaling transformation cannot be learned by the proposed algorithm, that
is because, scaling affect the pixel values as well as pixel coordinates.

e) The proposed algorithm is very suitable to be used in advertising screens,
this is because, it is very simple, so that, the hardware design which
controls the advertising screen will be very easy.

6. Future Work
Following are some suggestions which can be considered as ideas for future
work for researchers interested in this field:

a) The B-component of RGB color system, can be used to extend the size of
S-Image from 255 x 255 to 4096 x 4096, by dividing the B-component
between X and Y, so that each one will be 12-bit instead of 8-bit length.

b) All geometrical filters that are used here, are applied on a single image,
one can study the application of these filters on a large movie frames.

c) The accuracy of results appears acceptable in comparison with those
obtained from PhotoShop, but the accuracy is not computed
mathematically. One can use a proper method to compute the exact error
between images resulted from this algorithm and those resulted from other

programs like PhotoShop.
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