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DISTORTION CORRECTION OF IMAGES USING HYBRID INTERPOLATION
TECHNIQUE

Priority and Cross-reference to Related Application

This application claims priority from U.S. Patent Application Serial No.

11/355,919, filed on February 15, 2006.

Field of the Invention

This invention generally relates to digital image processing and more

specifically to correcting image distortions using a hybrid interpolation technique.

Background Art

Lens systems generate distortions. One of the most visible distortions in

today's medium cost camera products is a radial distortion. The radial distortion is

generated in camera systems by a non-homogeneous transversal magnification on the

whole surface of the lens, but is a function of the off-axis distance.

The radial distortion is a non-linear distortion that manifests itself in the image

by a radial displacement of the image points from the center of the distortion. The

radial distortion is more commonly called a barrel distortion or a pincushion distortion

depending on the direction of the radial distortion. The radial distortion properties,

such as a distortion effect and a center of distortion, depend on the optical

characteristics of the lens system, which may change for example as a result of

focusing or zooming.

Figures Ia through Id, illustrate different visible effects of the radial distortion

on a grid test image and showing: a) a non-distorted image, b) a distorted image with

the barrel distortion, c) a distorted image with the pincushion distortion and d) a

distorted image with a combined barrel and pincushion distortion.

Disclosure of the Invention

According to a first aspect of the invention, a method comprises: calculating

corrected coordinates of pixels in the image; and interpolating color components of

the pixels using the corrected coordinates for correcting a geometrical distortion of an



image using a hybrid interpolation technique by a digital image processor, wherein at

least one color component is interpolated using a quality interpolator which is

different from quality interpolators used for other color components.

According further to the first aspect of the invention, out of the color

components, the at least one color component may be a luminance color component

and two other color components may be chrominance color components, wherein the

quality interpolator for the luminance color component may be higher than the quality

interpolators for the chrominance color components. Further, the quality interpolator

of the luminance color component may be a bicubic interpolator, and the quality

interpolator for the two chrominance color components may be a bilinear interpolator.

Further according to the first aspect of the invention, all the color components

may have different quality interpolators.

Still further according to the first aspect of the invention, the geometrical

distortion may be a radial distortion.

According further to the first aspect of the invention, the calculating of the

corrected coordinates may comprise the steps of: creating a look-up table for a

correction function for a finite number of discrete values of at least one parameter, the

correction function being a function of the at least one parameter; calculating the at

least one parameter for each pixel of the image for the original pixel coordinates;

choosing a value of the correction function calculated for one of the discrete values of

the at least one parameter from the look-up table by matching the at least one

calculated parameter with the one of the discrete values of the at least one parameter

for each pixel using the look-up table; and computing the corrected coordinates of the

pixels by using the chosen value of the correction function for the each pixel of the

image. Further, the correction function may comprise a digital zoom factor so that

digital zoom may be jointly performed with the correcting the geometrical distortion.

Further still, the at least one parameter may be a squared radius, the radius being a

distance between a location of a pixel and a center point of the distortion. Yet further

still, the calculating the squared radius may be performed using at least one of: a

double axial symmetry; and a single axial symmetry. Further, the calculating the

squared radius may be performed using a differential radius square calculation.



According still further to the first aspect of the invention, wherein a digital

zoom and the correcting the geometrical distortion may be performed jointly.

According to a second aspect of the invention, a computer readable storage structure

embodying computer program code thereon for execution by a computer processor

with the computer program code, wherein the computer program code comprises

instructions for performing the first aspect of the invention, indicated as being

performed by any component or a combination of components of a digital image

processor or of an electronic device comprising the digital image processor.

According to a third aspect of the invention, a digital image processor,

comprises: a corrected coordinate calculation block, for calculating corrected

coordinates of pixels in the image; and a hybrid interpolation block, for interpolating

color components of the pixels using the corrected coordinates for correcting a

geometrical distortion of an image using a hybrid interpolation technique, wherein at

least one color component is interpolated using a quality interpolator which is

different from quality interpolators used for other color components.

According further to the third aspect of the invention, out of the color

components, the at least one color component may be a luminance color component

and two other color components are chrominance color components, wherein the

quality interpolator for the luminance color component may be higher than the

quality interpolators for the chrominance color components. Further, the quality

interpolator of the luminance color component may be a bicubic interpolator, and the

quality interpolator for the two chrominance color components may be a bilinear

interpolator.

According further to the third aspect of the invention, all the color components

may have different quality interpolators.

Still further according to the third aspect of the invention, the geometrical

distortion may be a radial distortion.

According further to the third aspect of the invention, the corrected coordinate

calculation block may comprise: a LUT calculator block, for creating a look-up table

for a correction function for a finite number of discrete values of at least one

parameter, the correction function being a function of the at least one parameter; a

parameter calculation means, for calculating the at least one parameter for each pixel



of the image for the original pixel coordinates; a look-up table, for storing values of

the correction function for the finite number of values of the at least one parameter,

and for choosing a value of the correction function calculated for one of the discrete

values of the at least one parameter by matching the at least one calculated parameter

with the one of the discrete values of the at least one parameter for each pixel using

the look-up table; and a corrected coordinate computation means, for computing the

corrected coordinates of the pixels by using the chosen value of the correction

function for the each pixel of the image. Further, the correction function may

comprise a digital zoom factor so that digital zoom is jointly performed with the

correcting the geometrical distortion. Further still, the at least one parameter may be a

squared radius, the radius being a distance between a location of a pixel and a center

point of the distortion. Yet further, the calculating the squared radius may be

performed using at least one of: a double axial symmetry; and a single axial

symmetry. Yet still further, the calculating the squared radius may be performed

using a differential radius square calculation.

According still further to the third aspect of the invention, a digital zoom and

the correcting the geometrical distortion may be performed jointly.

According still further to the third aspect of the invention, the digital image

processor may be a part of a digital camera, a communication device, a wireless

communication device, a portable electronic device, a mobile electronic device or a

camera phone.

According to a fourth aspect of the invention, an electronic device, comprises:

a camera, for generating an image; a digital image processor, comprises: a corrected

coordinate calculation block, for calculating corrected coordinates of pixels in the

image; and a hybrid interpolation block, for interpolating color components of the

pixels using the corrected coordinates for correcting a geometrical distortion of an

image using a hybrid interpolation technique, wherein at least one color component is

interpolated using a quality interpolator which is different from quality interpolators

used for other color components.

According further to the fourth aspect of the invention, the electronic device

may be a digital camera, a communication device, a wireless communication device, a

portable electronic device, a mobile electronic device or a camera phone.



Further according to the fourth aspect of the invention, out of the color

components, the at least one color component may be a luminance color component

and two other color components may be chrominance color components, wherein the

quality interpolator for the luminance color component may be higher than the quality

interpolators for the chrominance color components. Further, the quality interpolator

of the luminance color component may be a bicubic interpolator, and the quality

interpolator for the two chrominance color components may be a bilinear interpolator.

Still further according to the fourth aspect of the invention, all the color

components may have different quality interpolators.

According further to the fourth aspect of the invention, the geometrical

distortion may be a radial distortion.

According still further to the fourth aspect of the invention, the corrected

coordinate calculation block may comprise: a LUT calculator block, for creating a

look-up table for a correction function for a finite number of discrete values of at least

one parameter, the correction function being a function of the at least one parameter;

a parameter calculation means, for calculating the at least one parameter for each

pixel of the image for the original pixel coordinates; a look-up table, for storing

values of the correction function for the finite number of values of the at least one

parameter, and for choosing a value of the correction function calculated for one of

the discrete values of the at least one parameter by matching the at least one

calculated parameter with the one of the discrete values of the at least one parameter

for each pixel using the look-up table; and a corrected coordinate computation means,

for computing the corrected coordinates of the pixels by using the chosen value of the

correction function for the each pixel of the image. Further, the at least one parameter

may be a squared radius, the radius being a distance between a location of a pixel and

a center point of the distortion. Further still, the calculating the squared radius may be

performed using at least one of: a double axial symmetry; and a single axial

symmetry. Yet still further, the calculating the squared radius may be performed

using a differential radius square calculation. Further still, the correction function

may comprise a digital zoom factor so that digital zoom may be jointly performed

with the correcting the geometrical distortion.



According further still to the fourth aspect of the invention, a digital zoom and

the correcting the geometrical distortion may be performed jointly.

According to a fifth aspect of the invention, a method, comprises: creating a

look-up table for a correction function for a finite number of discrete values of at least

one parameter, the correction function being a function of the at least one parameter;

calculating the at least one parameter for each pixel of the image for the original pixel

coordinates; choosing a value of the correction function calculated for one of the

discrete values of the at least one parameter from the look-up table by matching the at

least one calculated parameter with the one of the discrete values of the at least one

parameter for each pixel using the look-up table; and computing the corrected

coordinates of the pixels by using the chosen value of the correction function for the

each pixel of the image for correcting a geometrical distortion.

According further to the fifth aspect of the invention, the at least one

parameter may be a squared radius, the radius being a distance between a location of a

pixel and a center point of the distortion.

Further according to the fifth aspect of the invention, the calculating the

squared radius may be performed using at least one of: a double axial symmetry; and

a single axial symmetry.

Still further according to the fifth aspect of the invention, the calculating the

squared radius may be performed using a differential radius square calculation.

According further to the fifth aspect of the invention, the correction function

may comprise a digital zoom factor so that digital zoom is jointly performed with the

correcting the geometrical distortion.

According to a sixth aspect of the invention, an electronic device, comprising:

means for generating an image; processing means, which comprises: means for

calculating corrected coordinates of pixels in the image; and means for interpolating

color components of the pixels using the corrected coordinates for correcting a

geometrical distortion of an image using a hybrid interpolation technique, wherein at

least one color component is interpolated using a quality interpolator which is

different from quality interpolators used for other color components.

According further to the sixth aspect of the invention, the means for

generating an image may be a camera, the processing means may be a digital image



processor, the means for calculating may be a corrected coordinate calculation block,

and the means for interpolating is a hybrid interpolation block.

Brief Description of the Drawings

For a better understanding of the nature and objects of the present invention,

reference is made to the following detailed description taken in conjunction with the

following drawings, in which:

Figures Ia through Id are schematic representations of effects of radial

distortion on a grid test image with: a) a non-distorted image, b) a distorted image

with a barrel distortion, c) a distorted image with a pincushion distortion and d) a

distorted image with a combined barrel and pincushion distortion;

Figure 2 is a block diagram demonstrating correction of a geometrical

distortion of an image using a hybrid interpolation technique by a digital image

processor in an electronic device, according to an embodiment of the present

invention;

Figure 3 is a graph describing geometrical phenomenon of a radial distortion.

Figure 4 is a block diagram demonstrating a performance of the corrected

coordinate calculation block, according to an embodiment of the present invention;

Figures 5a and 5b are a schematic representation demonstrating the principle

of a double axial symmetry and radial symmetry property used for faster

implementation: a) center of the distortion coincides with the center of the image; b)

center of the distortion does not coincide with the center of the image, according to an

embodiment of the present invention;

Figure 6 is a schematic representation demonstrating the principle of a single

axial symmetry and radial symmetry property used for a line block processing

algorithm case, according to an embodiment of the present invention; and

Figure 7 is a flow chart demonstrating correction of a geometrical distortion of

an image using a hybrid interpolation technique by a digital image processor,

according to an embodiment of the present invention.



Modes for Carrying Out the Invention

A new method, apparatus and software product are presented for correcting a

geometrical distortion of an image using a hybrid interpolation technique by a digital

image processor. According to an embodiment of the present invention, after

calculating corrected coordinates of pixels, the interpolation of color components of

the pixels can be performed by using the corrected coordinates, wherein at least one

color component is interpolated using a quality interpolator which is different from

quality interpolators used for other color components (it is noted, that the quality

interpolators for the other color components can be identical or can differ from each

other). More specifically, if a YUV color space is used, the at least one color

component can be a luminance color component (Y), wherein the quality interpolator

of the luminance color component (Y) can be a bicubic interpolator, and the quality

interpolator for the two chrominance color components (U, V) can be a bilinear

interpolator.

According to an embodiment of the present invention, a radial distortion

generated by the lens system of a camera can be compensated using the hybrid

interpolation technique. Moreover, the radial distortion can be represented by a curve

that can be modeled, for example, as a polynomial function. This polynomial function

can be used for calculating the pixel displacement generated by the radial distortion.

Then, an inverse mapping technique (e.g., using a look-up table) can be used for

generating the new pixel coordinates in the distorted input image. After that a two-

dimensional (2D) interpolation method can be applied to calculate the pixel value at

the new coordinate.

The main advantage of the geometrical correction for the radial distortion is a

more realistic geometry, such that an object having straight lines is captured in an

image, which still can reproduce the straight lines.

Novelties in a specific algorithm, according to embodiments of the present

invention, comprise (but are not limited to):

1. The hybrid interpolation technique for the YUV color space (and other

color space formats) using, e.g., a separated luminance chrominance channels;



2. LUT (look-up table) using shifted radius squared (or other parameters)

as a table index;

3. Reduced amount of calculation by using symmetry properties; and

4. Reduced calculation latency by calculating the radius square

differentially.

All these novelties are described below in more detail.

Figure 2 is a block diagram demonstrating correction of a geometrical

distortion of an image using a hybrid interpolation technique by a digital image

processor 12 in an electronic device 10, according to an embodiment of the present

invention.

A corrected coordinate calculation block 14 generates and provides corrected

pixel coordinates m and n (signal 32), using optical system characteristics (e.g., lens

position information, liquid lens change, etc., e.g., as a result of performing autofocus

or zoom) from a camera system (or camera) 31, to first and second interpolators 18

and 20 of the hybrid interpolation block 16. The interpolators 18 and 20 provide

interpolated luminance and chrominance components (signals 34a and 34b,

respectively) for each pixel in the image to an image destination buffer. These

interpolated components are generated by the blocks 18 and 20 using inputs from an

image reconstruction block 33, which provides (using raw image information from the

camera system) a luminance component Y (see signal 30a) and chrominance

components U and V (see signal 30b) to blocks 18 and 20, respectively and using the

corrected coordinates m and n provided by the block 14 (signal 32).

According to an embodiment of present invention, the blocks 31, 33, 14, 16, 18,

and 20 can be implemented as a software, a hardware block or a combination thereof.

Furthermore, each of the blocks 31, 33, 14, 16, 18, and 20 can be implemented as a

separate block or can be combined with one another or any other block of the

electronic device 10 or it can be split into several blocks according to their

functionality.

It is noted that the camera (camera system) 31 can generally be means for

generating an image or a structural equivalence (or equivalent structure) thereof.

Similarly, the block 12 can generally be processing means or a structural equivalence

(or equivalent structure) thereof. Moreover, the block 14 can generally be means for



calculating or a structural equivalence (or equivalent structure) thereof. Also, the

block 16 can generally be means for interpolating or a structural equivalence (or

equivalent structure) thereof.

The implementation of the geometrical correction algorithm by the processor 12

can comprise (but not be limited to) the following features:

• Creation of a look-up table holding the correction value for a discrete set of

radius squared values (a radius being a distance between a location of a pixel

and a center point of the distortion);

• Differential calculation of radius squared from output image pixel coordinates.

• Input image pixel coordinates calculation from output image pixel coordinates

value and look-up table value retrieval; and

• New pixel value calculation by the hybrid interpolation block.

Detailed performance of the blocks 14 and 16 is described in more details

below. Figure 4 provides a more detailed description of the performance of the block

14.

For each pixel, a set of coordinate (x, y) is defined, according to their position

compared to the center of the distortion as seen in Figure 3. This set of coordinates is

used for calculating the current undistorted radius ruas follows:

The distorted radius r defined by the coordinates m and n (as shown in Figure

3) is then calculated as follows:

r =r -Aru) (2),

wherein/fr^ is the distortion function which can be for example a polynomial with

coefficients ak defined as:

where , I is the degree of the polynomial. It is noted that other types of suitable

functions (not necessarily polynomial) can be used as well.

Then, the coordinates of the distorted pixels are given by:

m x-f(ru) (4a), and



n=yf(r ) (4b).

The coordinates of the distorted pixel (m,ή do not match the output pixel

integer grid of x and y; therefore a hybrid interpolation technique performed by the

block 16 shown in Figure 2 is needed to get the new intensity value of the pixel at (x,

y).

One possibility is to operate the block 16 using a novel hybrid technique for

interpolation in the YUV4:4:4 color space. YUV color space properties are well

known. It is know, for example, that the luminance channel, Y, provides more

information about the image content to a human eye than the chrominance channels U

and V. This is mainly the reason why video compression algorithms sub-sample the U

and V channels.

The same philosophy is carried out here. If the luminance channel is providing

more information, then it would be logical to interpolate this luminance channel with

a better interpolating kernel than the chrominance channels U and V.

The solution, according to an embodiment of the present invention, is to

interpolate the luminance channel Y using the interpolator 18 (see Figure 2) having

better interpolation property, while U and V channels are interpolated by the second

interpolator 20 using a lower quality interpolating kernel, as shown in Figure 2. For

example, the Y channel can be interpolated with a bi-cubic interpolating kernel while

U and V channels are interpolated with a bilinear interpolator. Another possibility is

to utilize a bilinear interpolation for the Y channel and a nearest neighborhood

interpolation for the U and V channels.

This technique can be applied to all formats where the luminance channel is

separated from the chrominance channels. The channels can be also sub-sampled; i.e.,

for example, this scheme is valid for the color space YUV4:4:4, YUV4:2:2, YUV

4:2:0, etc. Also other color space formats can be used, e.g., YCbCr, which is a scaled

version of the YUV color space, wherein Cb and Cr channels are equivalent to U and

V channels, respectively

It is noted that in principle, RGB (red, green, blue) can be also used in the

implementation of the interpolation, according to embodiments of the present

invention. In this case, the component mostly affecting the luminance could be



interpolated with better interpolation than other components. The component mostly

affecting the luminance for the RGB color space is usually green.

It is noted that it is possible to select the geometrical correction function so

that digital zoom can be applied jointly with geometric correction without increasing

the number of computational operations.

Interpolating techniques typically require extra computations when

interpolating the pixels near image borders, since the interpolation may need pixels

outside of the image area. These pixels need to be somehow computed. By selecting a

suitable geometrical correction function, this extra computation can be simply

avoided. This can be done, for example, by selecting the geometrical correction

function such that a digital zoom factor slightly larger than one is applied in

correction.

Furthermore, in terms of computation, the technique using the hybrid

interpolation for the YUV color space gives the possibility to have an image quality

close to the one provided by e.g. the Key's bi-cubic interpolation, while having a

processing cycle count between the bilinear and bi-cubic interpolation. This new

hybrid YUV interpolation techniques gives more flexibility to the traditional

interpolation methods, by avoiding the blurring from bilinear interpolation and still

having a low number of computations to execute, with almost two times faster

execution than the bi-cubic interpolation.

It is further noticed that, according to an embodiment of the present invention,

the implementation can be also used with one image frame buffer, if the input and the

output images are spatially delayed in the memory. In this case, the output image lines

can be written on top of the input image lines without losing information for the

further processing of the following lines.

Figure 4 shows an example among others of a block diagram demonstrating a

detailed performance of the corrected coordinate calculation block 14, according to an

embodiment of the present invention. Figure 4 depicts a LUT (look-up table)

calculator block 36, comprising: a) a correction function generation means 38 for

generating a correction function, e.g., given by Equation 3 and b) a LUT creation

means 40 for creating a look-up table for the correction function for a finite number of



discrete values of the parameter (or parameters), e.g., the square radius, wherein the

correction function being a function of said parameter (or the parameters).

The block 14 further comprises a parameter calculation means 46, for

calculating the parameter (or parameters), e.g., the square radius, of the correction

function for each pixel of the image for the original pixel coordinates; a look-up table

(LUT) 42, for storing said correction function for the finite number of values of the

parameter (or parameters), and for choosing (see signal 52) the value of the correction

function by matching the calculated parameter or parameters provided by the block 46

(see signal 50) with one of the discrete values of the parameter for each pixel using

the look-up table; and a corrected coordinate computation means 48, for computing

the corrected coordinates m and n (see signal 32) of the pixels by using the chosen

value of the correction function for each pixel in the image.

Since the square root calculation for each pixel is quite expensive in terms of

computation, according to an embodiment of the present invention, the value of / r

can be retrievable through the formf(rJ, @ ru
2. Then the distortion factor will still be

valid for finding m and n using Equation 4a and 4b. The technique can be further

explained as follows.

From Equation 3, it follows that:

= . -/(r.(5)) = α, . (Λ ) (5),

wherein ru(s) = V .

By combining Equations 4a, 4b and 5, it is possible to obtain

r f(r (sX\
m = x - = x-F(s) x - J Λ ) } and (6a)

r« r u

n = y . y .F( S) y . (6b).
r r

A discrete set of values for the function F(s) can be efficiently stored in a

look-up-table (LUT). Each look-up-table element of the LUT can be calculated, e.g.,

as follows:



wherein i is the look-up-table index and 2k is the step size in sampling the function

h(s).

The LUT generated this way can be accessed by the following indexing

method: LUT [(s+2k x)»k], in a pseudo code, where » identifies the right shift

operation and s is the squared radius r2.

It is noted, according to an embodiment of the present invention, that the

correction function can change (i.e., to be updated) when, e.g., the optical system

characteristics change, and then the LUT is recalculated for the updated correction

function.

It is further noted that, according to an embodiment of the present invention,

the LUT can be calculated in such a way that the digital zoom can be applied at the

same time when the geometric correction is performed. Combining the digital zoom

feature with the geometrical correction function can provide a significant

improvement in terms of reducing the computation cost.

According to an embodiment of the present invention, for radial distortion

correction, the polynomial form function that utilizes radius can be the most suitable,

but for some other effects on images, such as warping, other mappings from (x,y) to

(m,n) can be used. Therefore, in general, the correction function provided by the

block 38 can have a general dependence of the function f(x, y) as

According to further embodiments of the present invention, the following

novelties can speed up the correction process by calculating the radius square values

by the block 46 for several pixels having the same radius value.

As mentioned above, the center for distortion is not necessarily the center of

the image. However, it is advantageous to use the symmetry offered by the radial

property. Considering the center of the distortion as the center of symmetry, double

axial and central symmetry can be used for defining the distortion value for pixels

having the same absolute value for x-axis and y-axis coordinates. Figures 5a and 5b

show examples demonstrating the principle of a double axial symmetry and radial

symmetry property used for faster implementation in the algorithm: a) center of the

distortion coincides with the center of the image; b) center of the distortion does not



coincide with the center of the image, according to an embodiment of the present

invention.

For systems requiring a low memory consumption or when using line block

processing, the symmetry can be limited only to the y-axis axial symmetry. In this

case, according to an embodiment of the present invention, the symmetry provided by

the x-axis will not be valid, and the central symmetry will be replaced by the y-axis

symmetry. Figure 6 illustrates this principle.

There are several advantages of using symmetry; which include (but are not

limited to):

1) The number of radius squared calculations can be reduced, since the same

radius squared value can be used at the symmetrical pixel positions;

2) The number of look-up-table accesses can be reduced, since the same LUT

value can be used at the symmetrical pixel positions; and

3) The amount of calculations to determine the interpolation coefficients for

the interpolation (e.g., bicubic or bilinear) is reduced, since the same

interpolation coefficients can be re-used at the symmetrical pixel positions.

In order to retrieve the distortion factor (i.e., the value of the distortion

function) from the look-up table (e.g., using the block 42 in Figure 4), it is necessary

to calculate the radius square position (rp
2) of the pixel located at (xp, yp) related to the

center of the distortion as follows:

2 2 2 (8).

Considering that computing yp =y p -y p is not expensive due to its calculation once

every line, it can be calculated straightforwardly. However, a different calculation can

be derived for the part involving xp_A differential addition can provide the same result

as Xp =xp -Xp with lower computational complexity.

Then, according to an embodiment of the present invention, considering the

following formula relating two neighbouring pixels on the same line as



r2
x,y =r2

x- +2x-l (9),

it is possible to derive a formula involving the two previous pixels on the same line

as follows:

r2 =r2
x- +(r2

x ,y - r2
x-2y) + 2 (10).

This technique could avoid multiplication on processors having long operation

latency for multiplication. r x can then be used (see the signal 50 in Figure 4) for

retrieving the correction function value (the signal 52), which will be used, e.g., in

Equations 4a and 4b for computing the corrected coordinates m and n for each pixel

by the block 48.

Figure 7 shows a flow chart demonstrating correction of the geometrical

distortion of the image using the hybrid interpolation technique, e.g., by the digital

image processor 12, according to an embodiment of the present invention.

The flow chart of Figure 7 only represents one possible scenario among

others. The order of steps shown in Figure 7 is not absolutely required, so generally,

the various steps can be performed out of order. In a method according to an

embodiment of the present invention, in a first step 60, a correction function as a

function of at least one parameter (e.g., square radius) related to the pixel coordinates

is chosen by the block 38.

In a next step 62 a look-up table for the correction function as a function of a

finite number of discrete values of the at least one parameter is created using the

block 40. In a next step 64, the at least one parameter (e.g., the square radius) for each

pixel in the image for the original pixel coordinates is calculated by the block 46. In a

next step 66, the value of the correction function is chosen from the look-up table (the

block 42) by matching the at least one calculated parameter (e.g., the square radius)

with one of the discrete values of the at least one parameter for each pixel using the

look-up table. In a next step 68, the corrected coordinates are computed by the block

48 using the chosen value of the correction function for each pixel of the image. It is

noted that the correction function can change (i.e., to be updated) when, e.g., the



optical system characteristics change, and then the LUT is recalculated for the

updated correction function.

Finally, in a next step 70, the color components of each pixel in the image

using the corrected coordinates are interpolated using the block 16, wherein one color

component (e.g., a luminance color component Y) is interpolated using a lower

quality interpolator than the quality interpolator used for two other color components

(e.g., chrominance color components U and V).

As explained above, the invention provides both a method and corresponding

equipment consisting of various modules providing the functionality for performing

the steps of the method. The modules may be implemented as hardware, or may be

implemented as software or firmware for execution by a computer processor. In

particular, in the case of firmware or software, the invention can be provided as a

computer program product including a computer readable storage structure

embodying computer program code (i.e., the software or firmware) thereon for

execution by the computer processor.

It is noted that various embodiments of the present invention recited herein

can be used separately, combined or selectively combined for specific applications.

It is to be understood that the above-described arrangements are only

illustrative of the application of the principles of the present invention. Numerous

modifications and alternative arrangements may be devised by those skilled in the art

without departing from the scope of the present invention, and the appended claims

are intended to cover such modifications and arrangements.



What is claimed is:

1. A method, comprising:

calculating corrected coordinates of pixels in the image; and

interpolating color components of said pixels using said corrected coordinates

for correcting a geometrical distortion of an image using a hybrid interpolation

technique by a digital image processor, wherein at least one color component is

interpolated using a quality interpolator which is different from quality interpolators

used for other color components.

2. The method of claim 1, wherein out of said color components, said at least one

color component is a luminance color component and two other color components are

chrominance color components, wherein the quality interpolator for the luminance

color component is higher than the quality interpolators for the chrominance color

components.

3. The method of claim 2, wherein the quality interpolator of said luminance

color component is a bicubic interpolator, and the quality interpolator for the two

chrominance color components is a bilinear interpolator.

4. The method of claim 1, wherein all said color components have different

quality interpolators.

5. The method of claim 1, wherein said geometrical distortion is a radial

distortion.

6. The method of claim 1, wherein said calculating of the corrected coordinates

comprises:

creating a look-up table for a correction function for a finite number of

discrete values of at least one parameter, said correction function being a function of

said at least one parameter;

calculating said at least one parameter for each pixel of said image for the

original pixel coordinates;



choosing a value of said correction function calculated for one of the discrete

values of the at least one parameter from said look-up table by matching said at least

one calculated parameter with said one of the discrete values of the at least one

parameter for each pixel using said look-up table; and

computing said corrected coordinates of the pixels by using said chosen value

of the correction function for said each pixel of said image.

7. The method of claim 6, wherein said correction function comprises a digital

zoom factor so that digital zoom is jointly performed with said correcting said

geometrical distortion.

8. The method of claim 6, wherein said at least one parameter is a squared radius,

said radius being a distance between a location of a pixel and a center point of the

distortion.

9. The method of claim 8, wherein said calculating said squared radius is

performed using at least one of:

a double axial symmetry; and

a single axial symmetry.

10. The method of claim 8, wherein said calculating said squared radius is

performed using a differential radius square calculation.

11. The method of claim 1, wherein a digital zoom and said correcting said

geometrical distortion are performed jointly.

12. A computer program product comprising: a computer readable storage

structure embodying computer program code thereon for execution by a computer

processor with said computer program code, wherein said computer program code

comprises instructions for performing the method of claim 1, indicated as being

performed by any component or a combination of components of a digital image

processor or of an electronic device comprising said digital image processor.



13. A digital image processor, comprising:

a corrected coordinate calculation block, for calculating corrected coordinates

of pixels in the image; and

a hybrid interpolation block, for interpolating color components of said pixels

using said corrected coordinates for correcting a geometrical distortion of an image

using a hybrid interpolation technique, wherein at least one color component is

interpolated using a quality interpolator which is different from quality interpolators

used for other color components.

14. The digital image processor of claim 13, wherein out of said color

components, said at least one color component is a luminance color component and

two other color components are chrominance color components, wherein the quality

interpolator for the luminance color component is higher than the quality interpolators

for the chrominance color components.

15. The digital image processor of claim 14, wherein the quality interpolator of

said luminance color component is a bicubic interpolator, and the quality interpolator

for the two chrominance color components is a bilinear interpolator.

16. The digital image processor of claim 13, wherein all said color components

have different quality interpolators.

17. The digital image processor of claim 13, wherein said geometrical distortion is

a radial distortion.

18. The digital image processor of claim 13, wherein said corrected coordinate

calculation block comprises:

a LUT calculator block, for creating a look-up table for a correction function

for a finite number of discrete values of at least one parameter, said correction

function being a function of said at least one parameter;



a parameter calculation means, for calculating said at least one parameter for

each pixel of said image for the original pixel coordinates;

a look-up table, for storing values of said correction function for the finite

number of values of said at least one parameter, and for choosing a value of said

correction function calculated for one of the discrete values of the at least one

parameter by matching said at least one calculated parameter with said one of the

discrete values of the at least one parameter for each pixel using said look-up table;

and

a corrected coordinate computation means, for computing said corrected

coordinates of the pixels by using said chosen value of the correction function for said

each pixel of said image.

19. The digital image processor of claim 18, wherein said correction function

comprises a digital zoom factor so that digital zoom is jointly performed with said

correcting said geometrical distortion.

20. The digital image processor of claim 18, wherein said at least one parameter is

a squared radius, said radius being a distance between a location of a pixel and a

center point of the distortion.

2 1. The digital image processor of claim 20, wherein said calculating said squared

radius is performed using at least one of:

a double axial symmetry; and

a single axial symmetry.

22. The digital image processor of claim 20, wherein said calculating said squared

radius is performed using a differential radius square calculation.

23. The digital image processor of claim 13, wherein a digital zoom and said

correcting said geometrical distortion are performed jointly.



24. The digital image processor of claim 13, wherein said digital image processor

is a part of a digital camera, a communication device, a wireless communication

device, a portable electronic device, a mobile electronic device or a camera phone.

25. An electronic device, comprising:

a camera, for generating an image;

a digital image processor, comprising:

a corrected coordinate calculation block, for calculating corrected

coordinates of pixels in the image; and

a hybrid interpolation block, for interpolating color components of said

pixels using said corrected coordinates for correcting a geometrical distortion

of an image using a hybrid interpolation technique, wherein at least one color

component is interpolated using a quality interpolator which is different from

quality interpolators used for other color components.

26. (Currently Amended) The electronic device of claim 25, wherein out of said

color components, said at least one color component is a luminance color component

and two other color components are chrominance color components, wherein the

quality interpolator for the luminance color component is higher than the quality

interpolators for the chrominance color components.

27. (Currently Amended) The electronic device of claim 26, wherein the quality

interpolator of said luminance color component is a bicubic interpolator, and the

quality interpolator for the two chrominance color components is a bilinear

interpolator.

28. The electronic device of claim 25, wherein all said color components have

different quality interpolators.

29. The electronic device of claim 25, wherein said geometrical distortion is a

radial distortion.



30. The electronic device of claim 25, wherein said corrected coordinate

calculation block comprises:

a LUT calculator block, for creating a look-up table for a correction function

for a finite number of discrete values of at least one parameter, said correction

function being a function of said at least one parameter;

a parameter calculation means, for calculating said at least one parameter for

each pixel of said image for the original pixel coordinates;

a look-up table, for storing values of said correction function for the finite

number of values of said at least one parameter, and for choosing a value of said

correction function calculated for one of the discrete values of the at least one

parameter by matching said at least one calculated parameter with said one of the

discrete values of the at least one parameter for each pixel using said look-up table;

and

a corrected coordinate computation means, for computing said corrected

coordinates of the pixels by using said chosen value of the correction function for said

each pixel of said image.

31. The electronic device of claim 30, wherein said at least one parameter is a

squared radius, said radius being a distance between a location of a pixel and a center

point of the distortion.

32. The electronic device of claim 31, wherein said calculating said squared radius

is performed using at least one of:

a double axial symmetry; and

a single axial symmetry.

33. The electronic device of claim 31, wherein said calculating said squared radius

is performed using a differential radius square calculation.

34. The electronic device of claim 30, wherein said correction function comprises

a digital zoom factor so that digital zoom is jointly performed with said correcting

said geometrical distortion.



35. The electronic device of claim 25, wherein a digital zoom and said correcting

said geometrical distortion are performed jointly.

36. A method, comprising:

creating a look-up table for a correction function for a finite number of

discrete values of at least one parameter, said correction function being a function of

said at least one parameter;

calculating said at least one parameter for each pixel of said image for the

original pixel coordinates;

choosing a value of said correction function calculated for one of the discrete

values of the at least one parameter from said look-up table by matching said at least

one calculated parameter with said one of the discrete values of the at least one

parameter for each pixel using said look-up table; and

computing said corrected coordinates of the pixels by using said chosen value

of the correction function for said each pixel of said image for correcting a

geometrical distortion.

37. The method of claim 36, wherein said at least one parameter is a squared

radius, said radius being a distance between a location of a pixel and a center point of

the distortion.

38. The method of claim 36, wherein said calculating said squared radius is

performed using at least one of:

a double axial symmetry; and

a single axial symmetry.

39. The method of claim 36, wherein said calculating said squared radius is

performed using a differential radius square calculation.



40. The method of claim 36, wherein said correction function comprises a digital

zoom factor so that digital zoom is jointly performed with said correcting said

geometrical distortion.

4 1. An electronic device, comprising:

means for generating an image;

processing means, comprising:

means for calculating corrected coordinates of pixels in the image; and

means for interpolating color components of said pixels using said

corrected coordinates for correcting a geometrical distortion of an image using

a hybrid interpolation technique, wherein at least one color component is

interpolated using a quality interpolator which is different from quality

interpolators used for other color components.

42. The electronic device of claim 4 1, wherein said means for generating an image

is a camera, said processing means is a digital image processor, said means for

calculating is a corrected coordinate calculation block, and said means for

interpolating is a hybrid interpolation block.
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