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Z00M ALGORITHM

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

This application 1s related to U.S. patent application Ser.
No. 10/830,329, filed Apr. 277, 2004 and assigned to the same
assignee as the present invention.

BACKGROUND OF THE INVENTION

(1) Field of the Invention

This mvention relates generally to image processing and
relates more particularly to methods to zoom digital images.

(2) Description of the Prior Art

Either still images or time-varying image sequences are the
input to digital imaging systems. A digital zoom capabaility
uses algorithms and zooms 1n on the digital image in the
camera. This can greatly improve the zoom capability of the
camera and 1s less expensive than high-sophisticated zoom
lenses, but also loses some 1mage quality. The quality
depends upon the algorithms used for zooming.

The challenge of the designers of digital zooming systems
1s to achieve fast performing methods for zooming providing
good quality images and which are easy to be implemented.

There are various patents known dealing with said prob-
lems:

U.S. Patent (U.S. Pat. No. 6,101,235 to Zavaljevski et al.)
describes methods and apparatus for altering the spatial char-
acteristics of a digital image collected 1n a CT system using a
real-time magnification algorithm. In accordance with one
embodiment of the algorithm, once the digital image 1s col-
lected, an enlarged image 1s generated by interpolating and
filtering the original digital image data. In one aspect, two
pass linear interpolation and one-dimensional filtering 1s uti-
lized to generate the enlarged image. The first pass performs
interpolation in the x direction and the second pass performs
interpolation in the y direction. The interpolations in the x and
y directions are performed 1n two steps. Initially, linear inter-
polation 1s applied to the original digital image to generate
interpolated data. A one dimensional convolution filter 1s then
applied to the interpolated data. Utilizing this process, a high
quality enlarged image may be generated for any integer
zoom factor. In another aspect of the present invention, a
two-step procedure of interpolation and two-dimensional fil-
tering 1s utilized. The first step performs bilinear interpolation
of the digital image to generate interpolated data. The 1nter-
polated data 1s then filtered by a two-dimensional convolution
filter.

U.S. Patent (U.S. Pat. No. 5,602,870 to Hailey et al.) dis-
closes a spatial interpolation unit used to alter a digital image
by performing a zoom operation thereon. Described 1s a spa-
t1al interpolation unit, which comprises a discrete set of filters
for which at least some of the cut-oif frequencies are loga-
rithmically spaced.

U.S. Patent (U.S. Pat. No. 35,307,167 to Park et al.)
describes a digital zoom system utilizing image buffers and
employing an approximated bilinear interpolation method.
The zoom system includes an analog-to-digital (A/D) con-
verter for converting an analog image signal to a digital image
signal, an 1mage buifer for storing the digital image signal
generated for said A/D converter, a horizontal operation cir-
cuit for interpolating the digital image signal taken along with
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a horizontal direction, one or more horizontal 1mage buffers
for storing the digital image signal for 1-horizontal lines
magnified i a horizontal direction, a vertical operation cir-
cuit for interpolating said horizontally magnified image sig-
nal 1n a vertical direction, a timing controller for controlling
the 1image builer, said horizontal and vertical operation cir-
cuits, and a digital-to-analog (D/A) converter for converting
the digital image signal finally magnified in the horizontal
and vertical direction back to analog 1mage signal.

SUMMARY OF THE INVENTION

A principal object of the present invention 1s to achieve a
fast and efficient way to zoom a digital image.

In accordance with the object of this invention a method to
zoom a region ol interest from a digital image has been
achieved. Said method comprises the following steps: (1)
define size and location of region of interest as part of source
image, (2) calculate scale of conversion in x- and y-direction,
(3) calculate number of rows of pixels of destination 1mage
according to scale of conversion desired in y-direction, (4)
calculate number of pixels contained 1n a row of pixels of
destination 1mage according to scale of conversion desired 1n
x-direction, (5) calculate color values of each pixel along the
rows ol pixels of the destination 1mage by interpolation from
nearest row of pixels of source image, and (6) display zoomed
region of interest in destination 1mage.

In accordance with the object of this invention another
method to zoom a region of interest from a digital 1mage has
been achieved. Said method comprises the following steps:
(1) define size and location of region of interest as part of
source 1mage, (2) calculate scale of conversion 1 x- and
y-direction, (3) calculate number of columns of pixels of
destination image according to scale of conversion desired 1n
x-direction, (4) calculate number of pixels contained 1n a
column of pixels of destination 1image according to scale of
conversion desired y-direction, (35) calculate color values of
columns of pixels of destination 1mage by interpolation from
nearest column of pixels of source image, and (6) display
zoomed region of 1nterest 1n destination 1mage.

In accordance with the object of this invention another
method to zoom a region of interest from a digital 1image has
been achieved. Said method comprises the following steps,
first: (1) define size and location of region of interest as part of
source 1mage, (2) calculate scale of conversion 1 x- and
y-direction, (3) calculate number of rows of pixels of desti-
nation image according to scale of conversion desired in
y-direction, and (4) calculate number of pixels contained in a
row of pixels of destination 1mage according to scale of con-
version desired 1n x-direction. Furthermore the method
invented comprises the steps: (5) calculate x, y virtual starting
point of destination pixel for each frame, (6) calculate virtual
location of first destination pixel for new row in x-direction
and interpolate new color values of color space of said first
destination pixel from nearest source pixels located at nearest
row of source pixels 1n y-direction, (7) calculate virtual posi-
tion of next destination pixel in x-direction according to scale
factor and interpolate new color values of color space used of
said next pixel from nearest source pixels located at nearest
row of source pixels 1n y-direction, (8) go to next step (8) 1T
last destination pixel in x-direction has been reached other-
wise go to step (6), (9) goto step (11) iflast row of destination
pixels has been reached otherwise go to next step (9), (10)
calculate virtual location of next row 1n y-direction according
to scale factor 1 y-direction and go to step (5), and (11)
display zoomed region of interest in destination image.
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In accordance with the object of this invention another
method to zoom a region of interest from a digital 1mage has
been achieved. Said method comprises the following steps,
first: (1) define size and location of region of interest as part of
source 1mage, (2) calculate scale of conversion 1n x- and
y-direction, (3) calculate number of columns of pixels of
destination 1mage according to scale of conversion desired 1n
x-direction, (4) calculate number of pixels contained in a
column of pixels of destination 1mage according to scale of
conversion desired in y-direction, and (5) calculate x, y vir-
tual starting point of destination pixel for each frame. Fur-
thermore the method invented comprises the steps: (6) calcu-
late virtual location of first destination pixel for new column
in y-direction and interpolate new color values of color space
of said first destination pixel from nearest source pixels
located at nearest column of source pixels 1n x-direction, (7)
calculate virtual position of next destination pixel in y-direc-
tion according to scale factor and interpolate new color values
ol color space used of said next pixel from nearest source
pixels located at nearest column of source pixels in x-direc-
tion, (8) go to next step (8) 11 last destination pixel 1n y-direc-
tion has been reached otherwise go to step (6), (9) go to step
(11) 11 last column of destination pixels has been reached
otherwise go to next step (9), (10) calculate virtual location of
next column 1n x-direction according to scale factor 1n x-di-
rection and go to step (5), and (11) display zoomed region of
interest in destination 1image.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a material part of
this description, there 1s shown:

FI1G. 1 shows the major components of zooming of a digital
image.

FI1G. 2 shows a flowchart of a method how to zoom a digital
1mage.

FI1G. 3 shows a detailed tflowchart of a method how to zoom
a digital image.

DESCRIPTION OF THE PR
EMBODIMENTS

L1
M

ERRED

The preferred embodiments disclose a novel method to
zoom digital images. Said method 1s based on the methods to
convert the resolution of digital images disclosed with U.S.
patent application Ser. No. 10/830,329 docket number DS03-
023, filed Apr. 27, 2004 and assigned to the same assignee as
the present invention. In order to be able to use said methods
to convert the resolution for zooming the region of interest of
the source image has to be defined prior to a change of
resolution and the offsets have to be defined 1n a special way.
The methods of the present invention apply to video 1images as
well as to still images of a digital camera.

FIG. 1 shows the basic components of digital zooming.
There 1s a source 1mage 1, a region of interest (area to be
zoomed) 2, and a destination image 3. Said destination image
3 has a fixed size. The region of interest 2 has a shape of a
rectangle and 1s defined by e.g. the coordinates x,_, v, . of the
upper left corner, the length X, 1n x-direction and the widthy_,
in y-direction. These parameters X, ., v, , X,,, and y  are
variables and define the zooming factors in x- and y-direction
compared to the fixed rectangular size of the destination
image 3 having a fixed length x.and fixed width y. Other
parameters to define the region of interest are possible as well,
¢.g. the coordinates of corners of the rectangle being located
diagonally to each other. The resolution of the region of
interest 1s either decimated or enlarged to fit into the destina-
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tion 1mage. The destination 1mage 3 can be larger or smaller
than the region of iterest 2, depending upon the zooming
factors 1 x- and y-direction.

Other shapes than rectangles for the region of interest and
for the destination 1mage, e.g. circles, are possible as well.
Using rectangles 1s the simplest way to achieve zooming.

The methods invented apply to video images as well to still
images of a digital camera.

The flowchart of FIG. 2 shows the principal steps of a
method to zoom a digital image. The first step 21 describes the
definition of the size and location of the region of interest, 1n
other words of the area to be zoomed. In a preferred embodi-
ment said defimition 1s performed according to the example
shown 1n FIG. 1, using the coordinates x,_, v, . of the upper
left corner of the region of interest, 1ts length x,_ in x-direction
and 1ts width v 1n y-direction. Another alternative to define
the size and location of the region of interest could be to define
the location of two corners, being located diagonally to each
other as e.g. the upper left cormer and the location of the
bottom right corner and calculate the length and the width of
the region of interest using the coordinates of these two cor-
ners. Many more definitions are possible. The following steps
22-26 follow the methods of conversion of the resolution of
digital images as disclosed in U.S. patent application Ser. No.
10/830,329 filed Apr. 22, 2004.

Said methods describe a very fast and simple way to
decrease or to increase the resolution of digital images and
still maintain an acceptable quality of the images. In case of a
decimation of the resolution of a digital image the method
invented comprises a combination of using simultaneously
two different procedures, first, a decimation filter, or imnterpo-
lation, along one coordinate to calculate the color values of
the destination pixels and, second, omitting some rows of
source pixels along the other coordinate of an 1image accord-
ing to the scale of conversion. In case of an increase of the
resolution of a digital image the method invented comprises a
similar combination of procedures, first, an mterpolation of
source pixels to calculate the color values of the increased
number of destination pixels, second, an extrapolation of the
color values of the destination pixels being very close to the
edges of the destination 1mage, and, third, a replication of
rows of the destination 1mage to gain additional rows of
destination pixels according to the scale of enlargement.

Step 22 of the flowchart of FIG. 2 describes the calculation
of the scale of conversion in x- and y-direction from the
region ol interest to get the destination 1mage. The scale of
conversion 1s calculated in x-direction using the following
equation:

X
offsetx = —=&

F

wherein offsetx is the scale of decimation in x-direction,
X, 15 the length of the region of interest, and X - 1s the fixed
length of the destination image (as shown in FIG. 1). The
scale of conversion 1s calculated 1n y-direction using the
following equation:

Yw

offsety = v
F

wherein offsety 1s the scale of decimation 1n y-direction,
Y, 1s the width of the region of interest, and Y - 1s the fixed
width of the destination 1mage (as shown in FIG. 1). Step 23
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describes the calculation of number of rows of pixels of the
destination 1mage according to scale of conversion desired 1n
y-direction and calculated in the previous step. In case of
decimation of the region of interest some rows of the region of
interest will be omitted, in case of enlargement additional
rows will be replicated. In the next step 24 the number of
pixels contained 1n a row of pixels of the destination 1image 1s
calculated according to the scale of conversion desired 1n
x-direction and calculated in step 22. The following step 25
comprises the calculation of the color values of each pixel
along the rows of pixels of the destination 1image by interpo-
lation from nearest row of the source 1mage (region of nter-
est). The last step 26 comprises the display of the zoomed
region of interest in destination 1mage.

FIG. 3 describes in more details a method of the present
invention to zoom a digital image. The first step 300 describes
the definition of the size and location of the region of interest,
in other words of the area to be zoomed. In a preferred
embodiment said definition 1s performed according to the
example shown 1n F1G. 1, using the coordinates x,_, v, .ofthe
upper left corner of the region of interest, 1ts length x,, 1n
x-direction and its width vy 1n y-direction. Another alterna-
tive to define the size and location of the region of interest
could be to define the location of the upper left corner and the
location of the bottom left corner and calculate the length and
the width of the region of interest using the coordinates of
these two corners. Many more definitions are possible. The
following steps 301-309 follow the methods of conversion of
the resolution of digital images as disclosed 1n U.S. patent
application U.S. Ser. No. 10/830,329 filed Apr. 22, 2004. Step
301 of said method comprises the calculation of the scale of
conversion in X- and y-direction. Using the example shown 1n
FIG. 1, the scale of conversion offsetx 1s 1n x-direction 1s

XiE
offsetx = ——
F

wherein X, .. 1s the length of the region of interest, and X . 1s
the fixed length of the destination image (as shown 1n FI1G. 1).
The scale of conversion 1s calculated 1n y-direction using the
following equation:

Y
offsety = —,
y Y,
wherein oilsety 1s the scale of conversion in y-direction, Y

1s the width of the region of interest, and Y ~ 1s the fixed width
of the destination 1mage (as shown 1n FIG. 1). The next step
302 comprises the calculation of number of rows of pixels of
the destination 1mage according to the scale of conversion
desired 1n y-direction. The following step 303 describes the
calculation of the number of pixels contained 1n a row of
pixels of the destination image according to the scale of
conversion required in x-direction. The following step 304
comprises the calculation of the x, y coordinates of the virtual
starting point of destination pixels for a new frame. Said
starting point, which 1s the middle of the first pixel, 1s calcu-
lated using the conversion scales calculated in the previous
step. The location of the starting point calculated 1s a “virtual”
location; 1t 1s used for interpolation only. It does not describe
the actual physical location of the destination pixel. The “vir-
tual” distance distlx of the middle of the first pixel from the
edge of the image 1n x-directions 1s:

distl x=olifsetxxpixelwidthx/2,
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6

wherein offsetx 1s the scale of conversion of the resolution 1n
x-direction calculated 1n step 301, pixelwidthx 1s the width of
a source pixel in x-direction. The distance distly of the
middle of the first pixel from the edge of the image m y-di-
rections 1s:

distl y=offsety4/2xpixelwidthy/2,

wherein offsety 1s the scale of conversion of the resolution in
y-direction calculated 1n step 301, pixelwidthy 1s the width of
a source pixel in y-direction. Usually the pixelwidth of a
source 1mage 1s 1dentical 1n x- and y-direction. As explained
above said distance distly 1s used to locate and 1dentify the
nearest row of pixels of the source 1image and distance distlx
1s used to locate the nearest pixels of said nearest row of the
source 1mage for the purpose of interpolation in x-direction.
In step 305 the starting point of the first destination pixel 1n
x-direction for a new row and the color values of said first
pixel of a new row of the destination 1image are calculated.
Thenumber of color values to be calculated depends upon the
color space used. The calculation of the starting point of step
3035 1s 1dentical to the calculation used 1n step 304. Further-
more the color values of the first pixel of a new row of the
destination image are calculated by interpolation. In a pre-
terred embodiment a linear interpolation of the color values
of the two nearest pixels of the source image has been used.
All color values of the color space used get interpolated to
define the colors of the first pixel of a new row of the desti-
nation 1mage. The color space used could be e.g. RGB,
YcbCr, YUV or any other color space comprising three or
more colors.

In case YUV color space 1s used luminance would be
handled the same way as chrominance. Any polynomial of
nth order could be used for mterpolation, although order O
(taking the color value of the nearest pixel) and order 1 (linear
interpolation of the color values of the nearest two pixels) are
the simplest polynomials to be used. In a preferred embodi-
ment an mterpolation of order 1 1s used with the exception of
pixels of the destination 1mage having a virtual position
between the first, or most left-sided, pixel of the nearest row
of the source 1mage and the left side edge of the image or
correspondingly between the last, or most right-sided, pixel
ol the nearest row of the source image and the right-side edge
of the image. For these “peripheral” pixels an interpolation of
the order 0 1s used, this means the first, or correspondingly, the
last pixel of the nearest row of the source 1image 1s replicated.

In case of enlargement, neighboring pixels outside the
region of interest can be used alternatively in order to enable
an interpolation of order 1 for the peripheral pixels of the
region of interest, thus achieving a better quality at the border
of the destination 1mage.

In the following step 306 the “virtual” position of the next
destination pixel in x-direction of the current y-line according
to the scale factor 1s calculated as described above, and the
correspondent color values of all colors of the color space
used are calculated by an interpolation of the correspondent
color values of the nearest source pixels.

The next step 307 checks 11 the last pixel location 1n the
current y-line of the destination imaged has been reached. In
case the last pixel location has not been reached the process
flow goes back to step 306 and the next “virtual” location 1s
calculated and the correspondent color values are interpo-
lated. In case the last destination location in x-direction has
been reached the process flow goes to step 308. Step 308
checks 11 the last row 1n y-direction has been reached. In case
the last row 1n y-direction has been reached the resolution of
the source 1image has been successtully converted and the
process flow goes to the last step 310. In case the last row 1n
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y-direction has not yet reached, the process flow goes to step
309 wherein the “virtual” position of the next row 1n y-direc-
tion of the destination image 1s calculated and then the pro-
cess flow goes back to step 305 wherein the location of the
first pixel of the new y-row of the destination image and the
correspondent color values of said pixel line are calculated.
Step 310 describes the display of the zoomed region of inter-
est 1n the destination 1mage.

It 1s obvious to those skilled 1n art that rows and columns
could be interchanged as well. This means that the interpola-
tion, described above could be performed also 1n y-direction
from the nearest column of the source 1image.

While the invention has been particularly shown and
described with reference to the preferred embodiments
thereot, 1t will be understood by those skilled in the art that to
various changes in form and details may be made without
departing from the spirit and scope of the mvention.

What 1s claimed 1s:

1. A method to zoom a region of interest from a [digital]
source 1mage, wherein a resolution of the region of interest 1s
either [decimated] reduced or enlarged to fit into a destination
image, comprising:

[providing a digital camera to implement the following

steps:

(1) define] defining, with a digital camera, a size and a
location of [said] ke region of interest as part of [said]
the source 1mage;

[(2) calculate scale of conversion in x- and y-direction;

(3) calculate number of rows of pixels of said destination
image according to scale of conversion desired 1 y-di-
rection;

(4) calculate number of pixels contained 1n a row of pixels
of said destination 1mage according to scale of conver-
sion desired 1n x-direction;

(5) calculate] interpolating, with the digital camera, mul-
tiple pixels in the source image to generate color values
[of each pixel along the rows] of pixels of the destination
image [by interpolation from nearest row of pixels of
said source 1mage wherein the color values of the pixels
ofthe destination image being located] corresponding to
locations within the rvegion of interest in the source
image;

veplicating, with the digital camera, a first, or correspond-
ingly a last, pixel of a nearest vow in the source image for
use as color values of pixels in the destination image
corresponding to locations between the leit side edge of
the source image and [the] a first pixel of the nearest row
ol pixels of the region of interest of the source image and
[the color values of the pixels of the destination image
being located] between the right side edge of the source
image and [the] a last pixel of the nearest row of the
source image [are achieved by replicating the color val-
ues of said first, or correspondingly said last, pixel of the
nearest row of the source image]; and

[(6) display] displayving, with the digital camera, the
zoomed region of interest in [said] #ze destination
1mage.

2. The method of claim 1 wherein interpolating the color
values of each pixel along rows of pixels of the destination
image is performed by alinear interpolation [method has been
used] from a nearest row of pixels of the source image.

3. The method of claim 1 wherein the color values of the
pixels of the destination image being located between the left
side edge of the source image and the first pixel of the nearest
row of pixels of the region of interest of the source image and
the color values of the pixels of the destination 1image being,
located between the right side edge of the source image and
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the last pixel of the nearest row of the source image are
achieved by interpolating the color values of [said] the first, or
correspondingly [said] #%ze last, pixel of the nearest row of the
source image with a neighboring [pixels] pixel outside the
region of interest of the source image.

4. The method of claim 1 wherein [said] #ze digital image
1s a color 1mage using any color space.

5. The method of claim 4 wherein [said] #ze color space is
a R-G-B color space.

6. The method of claim 4 wherein [said] #2e color space is
an Y CbCr color space.

7. The method of claim 1 wherein [said] #2e digital image
1s a video 1mage.

8. The method of claim 1 wherein [said] #ze digital image
1s a still image from a digital camera.

9. The method of claim 1 wherein [said] #2e region of
interest has the shape of a rectangle.

10. The method of claim 1 wherein [said] #%e destination
image has the shape of a rectangle.

11. The method of claim 1 wherein [said method invented
is used] the digital camera is configured to convert the reso-
lution of the region of interest 1n any direction.

12. The method of claim 1 wherein [said method invented
is implemented using] the digital camera is configured to use
one common software program.

13. A method to zoom a region of interest from a [digital]
source 1mage, wherein a resolution of the region of interest 1s
either [decimated] reduced or enlarged to fit into a destination
image, [providing a digital camera to implement the follow-
ing steps] the method comprising:

[(1) define] defining, with a digital camera, a size and a
location of [said] #4e region of interest as part of [said}
the source 1mage;

[(2) calculate scale of conversion in x-and y-direction;

(3) calculate number of columns of pixels of said destina-
tion 1mage according to scale of conversion desired in
x-direction;

(4) calculate number of pixels contained 1n a column of
pixels of said destination 1mage according to scale of
conversion desired in y-direction;

(5) calculate] interpolating, with the digital camera, mul-
tiple pixels in the source image to generate color values
[of columns] of pixels of [said] #z¢ destination image [by
interpolation from nearest column of pixels of source
image wherein the color values of the pixels of the des-
tination image being located] corresponding to loca-
tions within the region of interest in the source image;

replicating, with the digital camera, a first, or correspond-
ingly a last, pixel of a neavest column in the source image
Jor use as color values of pixels in the destination image
corresponding to locations between the upper side edge
of the source image and the first pixel of the nearest
column of pixels of the source image and [the color
values of the pixels of the destination 1mage being
located] between the bottom side edge of the source
image and the last pixel of the nearest column of the
source image [are achieved by replicating the color val-
ues of said first, or correspondingly said last, pixel of the
nearest column of the source image.]; and

[(6) display] displaving, with the digital camera, the
zoomed region of interest in [said] #ke destination
image.

14. The method of claim 13 wherein interpolating the color
values of each pixel along vows of pixels of the destination
image is performed by a linear interpolation [method has been
used] from the nearest column of pixels of the source image.
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15. The method of claim 13 wherein the color values of the
pixels of the destination 1mage being located between the left
side edge of the source image and the first pixel of the nearest
row of pixels of the region of interest of the source 1mage and
the color values of the pixels of the destination 1mage being
located between the night side edge of the source image and
the last pixel of the nearest row of the source 1mage are
achieved by interpolating the color values of [said] t4e first, or
correspondingly [said] #ze last, pixel of the nearest row of the
source image with a neighboring [pixels] pixel outside the
region ol interest of the source image.

16. The method of claim 13 wherein said digital image 1s a
color 1mage using any color space.

17. The method of claim 16 wherein [said] /e color space
1s a R-G-B color space.

18. The method of claim 16 wherein [said] tke color space
1s an YCbCr color space.

19. The method of claim 13 wherein [said] tke digital
image 1s a video 1mage.

20. The method of claim 13 wherein [said] ke digital
image is a still image from a [digit] digital camera.

21. The method of claim 13 wherein [said method invented
is used] the digital camera is configured to convert the reso-
lution of the region of interest 1n any direction.

22. The method of claim 13 wherein [said] #%e region of
interest has the shape of a rectangle.

23. The method of claim 13 wherein [said] #ze destination
image has the shape of a rectangle.

24. The method of claim 13 wherein [said method invented
is implemented using] the digital camera is configured to use
one common software program.

25. A method to zoom a region of interest from a [digital]
source 1mage, wherein a resolution of the region of interest 1s
either [decimated] reduced or enlarged to fit into a destination
image, comprising:

[providing a digital camera to implement the following

steps:

(1) define size and location of said region of interest as part
of said source 1mage;

(2) calculate the scale of conversion of the resolution 1n
x-and y-direction;

(3) calculate number of rows of pixels of said destination
image according to scale of conversion desired 1n y-di-
rection;

(4) calculate number of pixels contained 1n a row of pixels
of said destination 1image according to scale of conver-
sion desired 1n x-direction;

(3) calculate x, y virtual starting point of said destination
pixel for each frame;

(6) calculate] calculating, with a digital camera, a virtual
location of first destination pixel for a new row 1n arn
x-direction [and interpolate];

replicating, with the digital camera, a first, or correspond-
ingly, a last, pixel of a nearest vow of a source image to
generate a new color [values] value of color space of
[said] t%e first destination pixel [from nearest source
pixels located at nearest row of source pixels 1n y-direc-
tion wherein the color values of the pixels of the desti-
nation image being located] corresponding to a location
between the left side edge of the source image and the
first p1xel of the nearest row of pixels of the source image
[and the color values of the pixels of the destination
image being located] or between the right side edge of
the source 1mage and the last pixel of the nearest row of
the source image [are achieved by replicating the color
values of said first, or correspondingly said last, pixel of
the nearest row of the source image]:
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[(7) calculate] calculating, with the digital camera, a vir-
tual position of next destination pixel in tke x-direction
according to a scale factor [and interpolate] between the
region of interest of the source image and the destination
image, wherein the virtual position of next destination
pixel corresponds to a location within the region of
interest in the source image;

interpolating, with the digital camera, new color values of
color space [used] of [said] tke next destination pixel
from nearest source pixels located at a nearest row of
source pixels in the y-direction [wherein the color values
of the pixels of the destination image being located
between the left side edge of the source image and the
first p1xel of the nearest row of pixels of the source image
and the color values of the pixels of the destination
image being located between the right side edge of the
source 1mage and the last pixel of the nearest row of the
source 1mage are achieved by replicating the color val-
ues of said first, or correspondingly said last, pixel of the
nearest row of the source imagel]; and

[(8) gotonextstep (9) if last destination pixel in x-direction
has been reached otherwise go to step (6);

(9) go to step (11) 1f last row of destination pixels has been
reached otherwise go to next step (10);

(10) calculate virtual location of next row in y-direction
according to scale factor in y-direction and go to step (3);
and

(11) display] displaying, with the digital camera, the
zoomed region of interest in [said] #ke destination
1mage.

26. The method of claim 25 wherein [a] interpolating the
new color values of color space is performed through linear
interpolation [method has been used].

277. The method of claim 235 wherein the color values of the
pixels of the destination image being located between the left
side edge of the source 1image and the first pixel of the nearest
row of pixels of the region of interest of the source image and
the color values of the pixels of the destination 1mage being
located between the right side edge of the source 1mage and
the last pixel of the nearest row of the source 1mage are
achieved by interpolating the color values of [said] t4e first, or
correspondingly [said] #%ze last, pixel of the nearest row of the
source image with a neighboring [pixels] pixel outside the
region of interest of the source image.

28. The method of claim 25 wherein [said] ke digital
image 1s a color 1image using any color space.

29. The method of claim 28 wherein [said] #4e color space
1s a R-G-B color space.

30. The method of claim 25 wherein [said] #ze color space
1s an YCbCr color space.

31. The method of claim 25 wherein [said] #:ze digital
image 1s a video 1mage.

32. The method of claim 25 wherein [said] #:ze digital
image 1s a still image from a digital camera.

33. The method of claim 25 wherein [said method invented
is used] the digital camera is configured to convert the reso-
lution of the region of interest 1n any direction.

34. The method of claim 25 wherein [said] ¢ke region of
interest has the shape of a rectangle.

35. The method of claim 25 wherein [said] #2ze destination

image has the shape of a rectangle.

36. The method of claim 25 wherein [said method invented
is implemented using] the digital camera is configured to use
one common software program.
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37. A method to zoom a region of interest from a [digital]
source 1mage, wherein a resolution of the region of interest 1s
either [decimated] reduced or enlarged to fit into a destination
image, comprising:

[providing a digital camera to implement the following

steps:

(1) define size and location of said region of interest as part
of said source 1mage;

(2) calculate the scale of decimation in x-and y-direction;

(3) calculate number of columns of pixels of said destina-
tion 1mage according to scale of conversion desired in
x-direction;

(4) calculate number of pixels contained in a column of
pixels of said destination 1image according to scale of
conversion desired in y-direction;

(5) calculate x, y virtual starting point of a destination pixel
for each frame;

(6) calculate] calculating, with a digital camera, a virtual
location of first destination pixel for new column 1n a
y-direction [and interpolate new];

determining, with the digital camera, a color [values]value
of color space of [said] tke first destination pixel,
wherein the determining of the color value comprises
selecting, based on a location of the first destination
pixel rvelative to the rvegion of interest, between interpo-
lating the color value from nearest source pixels located
at nearest column of source pixels 1n a x-direction rep-
licating the color value corresponding to the first desti-
nation pixel in the source image;

[(7) calculate] calculating, with the digital camera, a vir-
tual position of next destination pixel in tie y-direction
according to a scale factor [and interpolate new]
between the region of interest and the destination image;

determining, with the digital camera, a color [values]value
of color space [used] of [said] tze next destination pixel,
wherein the determining of the color value comprises
selecting, based on a location of the next destination
pixel rvelative to the rvegion of interest, between interpo-
lating the color value from nearest source pixels located
at nearest column of source pixels in x-direction or
veplicating the color value corresponding to the next
destination pixel in the source image; and

[(8) go to next step (9) if last destination pixel in y-direction
has been reached otherwise go to step (6);

(9) go to step (11) 11 last column of destination pixels has
been reached otherwise go to next step (10);

(10) calculate virtual location of next column in x-direction
according to scale factor in x-direction and go to step (3);
and

(11) display)displaying, with a digital camera, the zoomed
region of interest in [said] ¢ze destination image.

38. An apparatus comprising:

a digital camera configured to reduce or enlarge a region
of interest in a source image to fit into a destination
image and to interpolate color values for pixels in the
destination image corresponding to locations within the
region of intervest from multiple pixels in the source
image, wherein the digital camera is configured to rep-
licate a color value of a first pixel or a last pixel of a
nearest vow of the source image to achieve the color
values of the pixels of the destination image located
between a left side edge of the source image and the first
pixel of the neavest row of pixels in the vegion of intervest
of the source image or to achieve the color values of the
pixels of the destination image being located between a
right side edge of the source image and the last pixel of
the nearest vow of the source image.
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39. The apparatus of claim 38, wherein the digital camera
is configured to display the enlarged vegion of intervest in the
destination image.

40. The apparatus of claim 38, wherein the digital camera
is configured to display the reduced region of intevest in the
destination image.

41. The apparatus of claim 38, wherein the digital camera
is configured to determine a scaling factor between the region
of intervest in the source image and the destination image, and
to reduce or enlarge the region of interest to fit into the
destination image based on the scaling factor.

42. The apparatus of claim 38, wherein the digital camera
is configured to identify a location of the vegion of interest in
the source image from a point in the source image and a size
of sides of the region of interest.

43. The apparatus of claim 38, wherein the digital camera
is configured to determine a number of rows or columns in the
destination image.

44. The apparatus of claim 43, wherein the digital camera
is configured to eliminate at least one vow ov column from the
source image to fit the vegion of interest in the destination
image.

45. The apparatus of claim 43, wherein the digital camera
is configured to interpolate at least one additional vow or
column from the source image to fit the region of interest in the
destination image.

46. An apparatus comprising.

a digital camera configured to reduce or enlarge a region
of interest in a source image to fit into a destination
image and to interpolate color values for pixels in the
destination image corvesponding to locations within the
region of interest from multiple pixels in the source
image, wherein the digital camera is configured to vep-
licate a color value of a first pixel or a last pixel of a
nearest column of the source image to achieve the color
values of the pixels of the destination image located
between an upper side edge of the source image and the
fivst pixel of the nearest column of pixels in the vegion of
interest of the source image or to achieve the color
values of the pixels of the destination image being
located between a bottom side edge of the source image
and the last pixel of the nearest column of the source
image.

47. The apparatus of claim 46, wherein the digital camera
is configured to display the enlarged vegion of intervest in the
destination image.

48. The apparatus of claim 46, wherein the digital camera
is configured to display the reduced region of intervest in the
destination image.

49. The apparatus of claim 46, wherein the digital camera
is configured to determine a sealing factor between the region
of interest in the source image and the destination image, and
to reduce ov enlarge the region of intevest to fit into the
destination image based on the scaling factor.

50. The apparatus of claim 46, wherein the digital camera
is configured to identify a location of the vegion of interest in
the source image from a point in the source image and a size
of sides of the region of interest.

51. The apparatus of claim 46, wherein the digital camera
is configured to determine a number of rows or columns in the
destination image.

52. The apparatus of claim 51, wherein the digital camera
is configured to eliminate at least one vow or column from the
source image to fit the vegion of interest in the destination
image.
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53. The apparatus of claim 51, wherein the digital camera
is configured to interpolate at least one additional row or
column from the source image to fit the region of interest in the
destination image.
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