wo 20107116202 A1 I 10KV

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization /g5 1IN 00T AN V00RO OO 1
International Bureau S,/ )
3\ i 10) International Publication Number
(43) International Publication Date \'{:/_?___/ (10)
14 October 2010 (14.10.2010) PCT WO 2010/116202 Al
(51) International Patent Classification: CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ,
HO4N 5/21 (2006.01) HO4N 5/208 (2006.01) EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
. o HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
(21) International Application Number: KZ. LA. LC. LK. LR. LS. LT. LU. LY. MA. MD. ME
PCT/IB2009/051508 MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
(22) International Filing Date: NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE, SG,
9 April 2009 (09.04.2009) SK, SL, SM, ST, SV, S8Y, TJ, TM, TN, TR, TT, TZ, UA,
UG, US, UZ, VC, VN, ZA, ZM, ZW.
(25) Filing Language: English
L. ) (84) Designated States (unless otherwise indicated, for every
(26) Publication Language: English kind of regional protection available): ARIPO (BW, GH,
(71) Applicant (for all designated States except US): GM, KE, LS) MW, MZ, NA, SD, SL, 82, TZ, UG, ZM,
FREESCALE SEMICONDUCTOR, INC. [US/US]; ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
6501 William Cannon Drive West, Austin, Texas 78735 TM), Buropean (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
(US). ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, TR),
(72) Inventors; and OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML,
(75) Inventors/Applicants (for US only): ZARUBINSKY, MR, NE, SN, TD, TG).

Michael [IL/IL]; Rival 12/37, 75743 Rishon Lezion (IL). .

BEER-GINGOLD, Shlomo [IL/IL]; Rahavat llan 22/1, Declarations under Rule 4.17:
56064 Guivat Shmuel (IL). KOSASHVILI, Michelle — of'inventorship (Rule 4.17(iv))
[IL/IL]; kiriyat shmone 24, 58481 Holon (IL). Published:

(81) Designated States (unless otherwise indicated, for every with international search report (Art. 21(3))

kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

(54) Title: A METHOD AND SYSTEM ARRANGED FOR FILTERING AN IMAGE

(57) Abstract: A method and a system, the
system includes: a memory unit, an image re-
% ) 2 gion definer, a spectral analyzer, a determina-
frequency region tion module, and an image processor. The

threshold calculator spectral analyzer is arranged to divide a fre-
T' ,—1 quency spectrum of each image region into at
least three image region frequency range

8 % components (IRFRCs); and calculate an ener-

920 930 oag 982 984 950 gy level for each IRFRC. The comparator

C % o % configured to compare the energy level of

. determination each IRFRC to at least one frequency region
image region spectral analyzer . comparator N module threshold to provide a comparison result for
definer ‘ ‘ ‘ } L ‘ each IRFRC; wherein each frequency region
threshold is calculated based on an intensity
ﬁ 5 ( S ( S parameter of an image section and based on
932 934 942 944 952 954 an energy parameter of at least one reference
image section; a determination module ar-
Y ranged to determine a processing operation
for each IRFRC, based on a comparison re-
display — image processor sult associated with the IRFRC and based on
Fig. 9 a configurable decision rule.

o

970 960

910 980

=4
=4
(=

Memory Unit




WO 2010/116202 PCT/1B2009/051508
-1-

Title: A METHOD AND SYSTEM ARRANGED FOR FILTERING AN IMAGE

Description

Field of the invention

The field of this invention relates to a system and a method for filtering an image/video using

multiple filters.

Background of the invention

Modern consumer multimedia devices (such as portable media players, personal navigation
devices, mobile internet device etc) typically have the capability to provide (high quality) video
output, e.g. at a display of the device. However, limitations of camera sensors, video compression,
transmission of the video through communication channels adversely affect the video quality due to
unwanted effects.

Flickering is an example of such an unwanted effect. It can occur in television systems and
the like that use an interlaced scan line technique in order to minimize the signal bandwidth used.
With the interlaced scan line technique, an image is displayed as two scan line fields; one scan line
field comprising the odd horizontal lines of the image; and the second scan line field comprising the
even horizontal lines of the image. In this manner, odd and even scan line fields of images are
alternately displayed, for example at a rate of 60 fields per second for NTSC (National Television
System Committee) systems and at a rate of 50 fields per second for PAL (Phase Alternating Line)
systems. The alternating of the display of odd and even lines can result in flickering of the image.
Flickering can be seen as an aliasing phenomenon, and is the effect caused when high frequency
image energy aliases to low frequency image energy, thereby resulting in low frequency flicker
where high spatial vertical frequencies are present.

Other unwanted effects can include noise, contrast degradation blur, ringing and the like.

Summary of the invention

The present invention provides a system for filtering image data and method therefor as
described in the accompanying claims.

Specific examples of the invention are set forth in the dependent claims.

These and other aspects of the invention will be apparent from, and elucidated with

reference to, the examples described hereinafter.

Brief description of the drawings

Further details, aspects and examples of the invention will be described, by way of example
only, with reference to the drawings. Elements in the figures are illustrated for simplicity and clarity
and have not necessarily been drawn to scale.

FIG. 1 illustrates an example of an embodiment of a method for filtering image data to be

displayed,;
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FIG. 2 illustrates an image, a pixel and an image region;

FIG. 3 illustrates an image that has a video portion and a graphic portion;

FIG. 4 illustrates an example of an embodiment of a spectrum of an image region and a
division of the frequency spectrum to seven non-overlapping frequency bands of even bandwidth;

FIG. 5 illustrates multiple frequency region thresholds of two frequency regions;

FIG. 6 illustrates a sequence of images;

FIG. 7 and FIG. 8 illustrate an example of an embodiment of a method for filtering image
data to be displayed;

FIG. 9 illustrates an example of an embodiment of a system that is arranged to filter an
image; and

FIG. 10 illustrates an example of an embodiment of a system 900.

Detailed description

FIG. 1 illustrates an example of an embodiment of a method 100 for filtering image data to
be displayed.

Method 100 starts by initialization stage 110. Initialization stage 110 can include receiving
date representative of previously received images.

Stage 110 is followed by stage 120 of receiving image data. The image data represents an
image. The image may include a plurality of pixels, e.g. arranged in multiple rows and columns. An
image can include any suitable number of pixels, such as from a few thousand up to millions of
pixels.

The image data can include one or more components such as a Red component of the
image, a Green component of an image, a blue component of an image. Yet for another example
the image data can include a Luma component of the image, two Chroma components of an
image and the like.

Stage 120 is followed by stage 130 of defining, for each image pixel out of multiple image
pixels, an image region. Accordingly, an image region can be defined for each image pixels or only
for selected image pixels. FIG. 2 illustrates image 200, pixel 210 and image region 220. Pixel 210
is located in the image region 220 associated with the pixel, in this example the pixel 210 is
situated the middle of image region 220, The image region can be of the same size for all pixels of
the image but this is not necessarily so. An image region can be rectangular but can also have
other shapes. For example an image region of NxM where M equals N or differs from M can be
used. If N=M=5 then each image region includes 25 pixels - and the pixel that is being filtered can
be located at the middle of the image region. Each pixel of image 200 has its own image region
associated therewith.

Image regions can be defined per each pixel of the image or per each pixel out of some
(but not all) pixels of the image. For example, if an image includes video portions as well as
graphics portions that can be overlaid over the video portion or located in a separate portion of the

image that the graphics can be ignored off. This can reduce possible distortions introduced from
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taking into account graphic bearing pixels. Yet for another example, pixels that define the edge of
the image can be ighored of.

FIG. 3 illustrates an image 500 that has a video portion 501 and a graphic portion 502.
These portions can overlap - as graphics can be overlaid over a video image - but this is not
necessarily so. Method 100 can ignore all or some pixels of graphic portion 502. It is noted that an
image can include multiple video portions and, additionally or alternatively, multiple graphic
portions .

Referring back to FIG. 1, stage 130 is followed by a sequence of stages that are repeated
for each defined image region. The sequence can include performing vertical processing and then
horizontal processing or vice versa. It is noted that the sequence can include only vertical
processing or only horizontal processing.

This sequence starts by stage 140 of dividing a frequency spectrum of each image region
into multiple, e.g. at least two or at least three, image region frequency range components.

FIG. 4 illustrates spectrum 400 of an image region and a division of the frequency
spectrum to seven non-overlapping frequency bands of even bandwidth denoted 410, 420, 430,
440, 450, 460 and 470. Spectrum 400 can be a vertical spectrum or a horizontal spectrum but this
is not necessarily so.

The number of frequency ranges can be increased in order to provide a more accurate and
a more controllable process but on the other hand can increase the complexity or time required for
the processing of the image data. Accordingly, the number of image region frequency ranges can
be provided as a trade off between complexity and controllability of the image processing. The
frequency ranges can be of the same bandwidth but can differ from each other by their bandwidth.

The frequency ranges can include horizontal frequency ranges, vertical frequency ranges
or a combination thereof. The number and width of the horizontal frequency ranges can equal
those of corresponding vertical frequency ranges but this is not necessarily so.

Stage 140 is followed by stages 150 and 160. Each of the following stages is applied on
multiple different image region frequency range components either is parallel, in a serial manner or
in a combination thereof. Stage 160 can for example follow stage 150 or be performed in parallel.

Stage 150 includes calculating an energy level for each of the image region frequency
range component. The calculating of an energy level of an image region frequency can involve
filtering image information by a filter to obtain multiple filtered results. The filtered results are
complex - they include an imaginary part and a real part. The energy level can be calculated or
estimated by: (i) calculating an energy indication associated with a single filtered result, and (ii)
processing (for example- averaging) the energy indication obtained from multiple energy
indications. The calculating of the energy indication can include calculating an absolute value of a
sum of the real and imaginary part or by summing the square of the real part and the square of the
imaginary part. Yet for another embodiment of the invention the filtering operation can be replaced
by performing a time domain to frequency domain conversion (such as a Discrete Fourier
Transform). The calculation of the energy level can be performed per the entire image of per

portion of the image.



WO 2010/116202 PCT/1B2009/051508
-4-

Stage 160 includes calculating for each image region at least one frequency region
threshold based on an intensity parameter of an image section and based on an energy parameter
of at least one reference image section associated with the image region. The thresholds can for
example be proportional to the energy parameter of the reference image section, as is explained
below in more detail.

The intensity parameter may be any measure for the intensity of the image section and can
be provided by processing (for example statistically processing) the intensities of pixels of the
image section. The intensity parameter can for example be the average intensity of these pixels, a
weighted average of these pixels, and the like. The intensity can be represented by gray levels of
Luma pixels, or by gray levels of Red, Green and Blue pixels. The intensity parameter can be
adapted taking in account the Human visual sense (HVS)

The image section can be the image region itself, multiple image regions, the entire image,
and the like. For example, the image section can be image region 220 of FIG. 2, image 200 of FIG.
2, image 500 of FIG. 3, video portion 501 of FIG. 3, an image region of image 500, an image region
of video portion 501 of FIG. 3, and the like.

The at least one reference image section can belong to preceding, e.g. previous images,
previous to the image that is currently being processed or to both previous images and the current
image. Previous images can for example be images that belong to the same video stream as the
currently processed image but have older presentation time stamps. The reference section can for
instance be a single image region of image (such as an image region of a previous image situated
at a corresponding same location in the previous image as the image region of the current image),
multiple image regions of an image, multiple image regions of multiple image, entire images, and
the like.

The energy parameter can be any suitable measure for the energy of the reference image
section. For example, the energy parameter can be the average energy of the reference image
section, a weighted average of the energy of the reference image section and the like. The energy
parameter is calculated per image region frequency range. It is noted that the calculation of the
energy parameter of a high image region frequency range can include performing a first derivative
of the reference image section so as to isolate the high frequency components of the reference
image section.

As mentioned, Stage 160 of method 100 (FIG. 1) can include calculating, for an image
region frequency range component a single or multiple frequency region thresholds. The frequency
region thresholds can for instance form multiple sets of thresholds and stage 160 can include
selecting between the sets of thresholds, e.g. based on the intensity parameter of the image
section.

FIG. 5 illustrates three frequency region thresholds 510, 520 and 530 of a first frequency
bands. These thresholds define four respective intensity parameter ranges 505, 515, 525 and 535
an intensity parameter range below frequency region threshold 510, an intensity parameter range

between frequency region thresholds 510 and 520, an intensity parameter range between
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frequency region thresholds 520 and 530, and an intensity parameter range above frequency
region threshold 530.

FIG. 5 also illustrates two frequency region thresholds 540 and 550 of a second frequency
band. These thresholds define three intensity parameter ranges 537, 545 and 555 - an intensity
parameter range below frequency region threshold 540, an intensity parameter range between
frequency region thresholds 540 and 550, and an intensity parameter range above frequency
region threshold 550.

FIG. 6 illustrates a sequence of images 610, 620, 630, 640 and 650. These images may for
example be displayed one after the other, and form part of a video sequence. In this example,
image 650 is the currently processed image while images 610, 620, 630 and 640 can be referred to
as previous images.

Each image includes multiple image regions such as image regions 612, 622, 632, 642
and 652. These image regions belong to different images but are located at a corresponding
position in the images.

When image region 612 is being evaluated, the reference image section can be any image
region out of image regions 622, 632, 642 and 652, can be image region 612 itself, can be any
image of images 610, 620, 630, 640 and 650. For example, the image regions 612,622, 632, 642
of the previous images may be reference image sections and the energy parameter can be
obtained by determining the energy parameter of each reference image section applying a function
(such as a statistical function) on the energy parameters to obtain a single energy parameter.

For example, frequency region thresholds (TH1...TH6) can be defined for a certain image
region frequency range component of an image region. These frequency region thresholds may for
example be calculated by multiplying the energy parameter (EP) of the image region by suitable
coefficients K1...K6, e.g. in case of six frequency region thresholds, six coefficients may have been
predetermined: TH1 = K1*EP, TH2 = K2*EP, TH3 = K3*EP, TH4 = K4*EP, TH5 = K5*EP, and TH6
= K6*EP. These frequency region thresholds can be arranged in two sets - one includes TH1, TH2
and TH3 and the other set includes TH4, TH5 and TH6. The selection of a set out of these two sets
is based on the value of the intensity parameter (IP), and for example a first set may be selected
when IP is below a certain threshold and a second set may be selected when IP is above a certain
threshold.

Table 1 provides an example of two sets of three frequency range thresholds each (high,
middle and low), wherein K1=0.4, K2=0.9, K3=2, K4=0.2, K5=0.4 and K6=1.

Selection rule
\ IP> 128 IP <128
thresholds

High 2.0*EP 1.0"EP
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Middle 0.9*EP 0.4* EP

Low 0.4* EP 0.2*EP
Table 1

In this example the number of thresholds is the same for the different image region
frequency ranges. However, it will be apparent that different image region frequency ranges can
have a different number of frequency range thresholds. Also, in this example the different image
region frequency ranges are assumed to have the same coefficients K, however different image
region frequency ranges can be associated with the same coefficients or with different coefficients.

Stages 150 and 160 of method 100 are followed by stage 170 of comparing the energy
level of each image region frequency range component to at least one frequency region threshold
to provide a comparison result for each image region frequency range component. The comparing
may for example determine in which intensity parameter range the energy level falls.

Stage 170 is followed by stage 180 of determining, a suitable processing operation for
each image region frequency range component, based on the comparison result (obtained in stage
170) associated with the image region frequency range component and based on a configurable
decision rule. The processing operation can for example be a filtering operation or a bypass
operation. A bypass operation does not alter the image region frequency range component- and
the pixel associated with the image region remains unchanged by the bypass operation.

The configurable decision rule can assign a processing operation for each intensity
parameter range. For example- referring to the example set fourth in FIG. 5 - a low pass filtering
(for noise reduction) can be applied for intensity parameter range 505, a bypass operation can be
applied for intensity parameter range 515, a high-pass filtering operation can be applied for
intensity parameter range 525, a de-ringing filtering operation can be applied for intensity
parameter range 535, a low pass filtering (for noise reduction) can be applied for intensity
parameter range 537, a bypass operation can be applied for intensity parameter range 545, and a
deflicker filtering operation can be applied for intensity parameter range 555.

The processing operation may also include e.g.deflicker filtering to an image region, e.g.
for a high frequency range component. Stage 180 is followed by stage 190 of peforming on each
image region frequency range component the processing operation determined in stage 180, in
order to obtain processed image data.

The processing of the different image frequency range components can provide multiple
intermediate results. These intermediate results can be processed to provide a processed pixel
value. The processing can include applying statistical functions, a sum operation, a weighted sum
operation and the like. The processing can be applied on the entire intermediate results or on a
sub-set of the intermediate results. For example, intermediate results associated with vertical
frequency range components can be processed to provide a vertical intermediate result,
intermediate results associated with horizontal frequency range components can be processed to

provide a horizontal intermediate result. If, for example, vertical processing is applied before
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horizontal processing then the outcome of the vertical processing is processed image data that
then undergoes horizontal processing.

Stage 190 is followed by stage 195 of displaying a processed image based on the
processed image data. Stage 190 can for example be followed by storing the processed image or
processed image data in a memory unit. The processed image data can then be sent to a display
and cause the display to display a processed image in a for humans perceptible form.

FIG. 7 and FIG. 8 illustrate another example of an embodiment of method 200 for filtering
image data to be displayed, illustrating vertical processing followed by horizontal processing.

Method 200 starts with stages 110-130 which may be similar to those of the method
illustrated in FIG. 1, and for sake of brevity are not described again. In the example of FIGs. 7 and
8, stage 130 is followed by stage 240 of dividing a vertical frequency spectrum of each image
region into multiple, e.g. at least three, image region vertical frequency range components
(IRVFRCs).

Stage 240 is followed by stage 250 of calculating an energy level for each IRVFRC.

Stage 250 is followed by stage 260 of comparing the energy level of each IRVFRC to at
least one vertical frequency region threshold to provide a comparison result for each IRVFRC.

Stage 260 is followed by stage 270 of determining, based on the comparison result, a
suitable processing operation for each IRVFRC.

Stage 270 is followed by stage 280 of processing each IRVFRC according to the
determined processing operation. The outcome of stage 280 is the processed image data.

Stage 280 can include, for example, applying a function on intermediate results associated
with vertical frequency range components. The processed image data can include pixels that are
unchanged (if a bypass operation was selected) or changed (if one or more processing operations
were applied in relation to that pixel).

Stage 280 is followed by stage 330 of defining, for each processed image pixel out of
multiple processed image pixels, a processed image region. Typically the processed image
regions are located at the same location as corresponding image regions.

Stage 330 is followed by stage 340 of dividing a horizontal frequency spectrum of each
processed image region into at least three processed image region horizontal frequency range
components (PIRHFRCs).

Stage 340 is followed by stage 350 of calculating an energy level for each of the
PIRHFRCs.

Stage 350 is followed by stage 360 of comparing the energy level of each processed
image region to at least one horizontal frequency region threshold to provide a comparison result
for each PIRHFRC.

Stage 360 is followed by stage 370 of determining, based on the comparison result, a
suitable processing operation for each PIRHFRC.

Stage 370 is followed by stage 380 of processing each PIRHFRC according to the

determination. The outcome of stage 380 is also referred to as an output image data.
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Stage 380 can include, for example, applying a function on intermediate results associated
with horizontal frequency range components. The processed image data can include pixels that are
unchanged (if a bypass operation was selected) or changed (if one or more processing operations
were applied in relation to that pixel).

Stage 380 is followed by stage 390 of displaying an output image based on the output
image data. Stage 390 may for example include storing the output image or output image data in a
memory unit. The output image data can then be sent to a display and cause the display to display
a output image.

FIG. 9 illustrates an example of an embodiment of system 900 that is arranged to filter an
image.

System 900 can be an integrated circuit, include one or more integrated circuits, can be a
media player, a personal data accessory, a mobile phone, a smart-phone, a computer, a game
console, a display controller, a display, a flat panel, and the like.

System 900 includes: (a) memory unit 910 that is arranged to receive image data
representing an image, the image comprising a plurality of pixels; (b) image region definer 920 that
is arranged to define, for each image pixel out of multiple image pixels, an image region; (c)
spectral analyzer 930 that is arranged to: (i) divide a frequency spectrum of each image region into
at least three image region frequency range components; and calculate an energy level for each of
the image region frequency range component; (d) comparator 940 that is configured to compare
the energy level of each image region frequency range component to at least one frequency region
threshold to provide a comparison result for each image region frequency range component;
wherein each frequency region threshold is calculated based on an intensity parameter of an image
section and based on an energy parameter of at least one reference image section; (e)
determination module 950 that is arranged to determine, a suitable processing operation for each
image region frequency range component, based on a comparison result associated with the
image region frequency range component and based on a configurable decision rule, wherein the
processing operation is selected from a filtering operation and a bypass operation; (f) image
processor 960 arranged to process each image region frequency range component according to
the determination to provide processed image data; and send a display instructions, based on the
processed image data, that cause the display to display the processed image data; (g) frequency
region threshold calculator 980 that is arranged to calculate at least one frequency region threshold
for each image region frequency component; and (h) display 970.

Display 970 is fed with output image data that cause display 900 to display an output
image.

System 900 can execute method 100 and additionally or alternatively can execute method
200.

Frequency region threshold calculator 980 can, for example, determine vertical frequency
region thresholds based upon image region horizontal frequency range components or based on

horizontal frequency region thresholds.
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FIG. 10 illustrates an example of an embodiment of system 900 as including a vertical
processing module 902 and a horizontal processing module 904. One module can follow the other
but they can operate in parallel. Each of vertical processing module 932 and a horizontal
processing module 934 can include its own image region definer, spectral analyzer, comparator,
determination module and image processor. System 900 can also include ong or more frequency
region threshold calculator such as frequency region threshold calculator 980. The frequency
region threshold calculator can be connected to vertical processing module 902, can be connected
to horizontal processing module 904, can be included in vertical processing module 902, or can be
connected to horizontal processing module 904.

Referring back to FIG. 9, spectral analyzer 930 can include vertical spectral analyzer 932
and horizontal spectral analyzer 934. Determination module 950 can include vertical determination
module 952 and horizontal determination module 954. Comparator 940 can include a vertical
comparator 942 and a horizontal comparator 944.

Frequency region threshold calculator 980 can include vertical frequency region threshold
calculator 982 and horizontal frequency region threshold calculator 984.

Frequency region threshold calculator 980 can be arranged to calculate the intensity
parameter of the image section as the average gray level of pixels of the image section; and
calculate the energy parameter of at least one reference image section as an average value of
reference image section first derivative values.

Spectral analyzer 930 can be arranged to calculate, in parallel, energy levels for different
image region frequency range components; and comparator 940 is arranged to compare, in
parallel, energy levels of different image region frequency components to different frequency
region thresholds to provide comparison results.

It will be understood that the examples herein described and illustrated in the accompanying
drawings may provide an improved method and apparatus for filtering image data including
applying deflicker filtering, deranging , noise reduction , sharpening to image data, for an image to
be displayed using an interlaced scan line technique or a progressive technique. Filtering can be
applied locally to only those regions that may be prone to noise, flickering or other unwanted
phenomena. Furthermore, examples hereinbefore described may enable unnecessary filtering of
regions within the image, which are not prone to unwanted phenomena, to be substantially
bypassed.

The invention may be implemented in a computer program for running on a computer
system, at least including code portions for performing steps of a method according to the invention
when run on a programmable apparatus, such as a computer system or enabling a programmable
apparatus to perform functions of a device or system according to the invention. The computer
program may be provided on a computer readable data carrier or media stored with data loadable
in a memory of a computer system, the data representing the computer program. Such computer
readable media may be permanently, removably or remotely coupled to an information processing
system. The computer readable media may include, for example and without limitation, any

number of the following: magnetic storage media including disk and tape storage media; optical
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storage media such as compact disk media (e.g., CD-ROM, CD-R, etc.) and digital video disk
storage media; nonvolatile memory storage media including semiconductor-based memory units
such as FLASH memory, EEPROM, EPROM, ROM; ferromagnetic digital memories; MRAM;
volatile storage media including registers, buffers or caches, main memory, RAM, etc.; and data
transmission media including computer networks, point-to-point telecommunication equipment, and
carrier wave transmission media, just to name a few.

In the foregoing specification, the invention has been described with reference to specific
examples of embodiments of the invention. It will, however, be evident that various modifications
and changes may be made therein without departing from the broader scope of the invention as set
forth in the appended claims. For example, the connections may be any type of connection suitable
to transfer signals from or to the respective nodes, units or devices, for example via intermediate
devices. Accordingly, unless implied or stated otherwise the connections may for example be direct
connections or indirect connections.

Because the apparatus implementing the present invention is, for the most part, composed
of electronic components and circuits known to those skilled in the art, circuit details will not be
explained in any greater extent than that considered necessary as illustrated above, for the
understanding and appreciation of the underlying concepts of the present invention and in order not
to obfuscate or distract from the teachings of the present invention.

The term “program,” as used herein, is defined as a sequence of instructions designed for
execution on a computer system. A program, or computer program, may include a subroutine, a
function, a procedure, an object method, an object implementation, an executable application, an
applet, a servlet, a source code, an object code, a shared library/dynamic load library and/or other
sequence of instructions designed for execution on a computer system.

Those skilled in the art will recognize that boundaries between the functionality of the above
described operations merely illustrative. The functionality of multiple operations may be combined
into a single operation, and/or the functionality of a single operation may be distributed in additional
operations. Moreover, alternative examples may include multiple instances of a particular
operation, and the order of operations may be altered in various other examples. It is to be
understood that the architectures depicted herein are merely exemplary, and that in fact many
other architectures can be implemented which achieve the same functionality. In an abstract, but
still definite sense, any arrangement of components to achieve the same functionality is effectively
"associated" such that the desired functionality is achieved. Hence, any two components herein
combined to achieve a particular functionality can be seen as "associated with" each other such
that the desired functionality is achieved, irrespective of architectures or intermediary components.
Likewise, any two components so associated can also be viewed as being "operably connected,"
or "operably coupled," to each other to achieve the desired functionality.

In one example, system 900 may comprise a computer system such as a personal computer
system. Other examples may include different types of computer systems. Computer systems are
information handling systems which can be designed to give independent computing power to one

or more users. Computer systems may be found in many forms including but not limited to
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mainframes, minicomputers, servers, workstations, personal computers, notepads, personal digital
assistants, electronic games, automotive and other embedded systems, cell phones and various
other wireless devices. A typical computer system includes at least one processing unit,
associated memory and a number of input/output (1/O) devices.

A computer system processes information according to a program and produces resultant
output information via 1/O devices.

In the claims, any reference signs placed between parentheses shall not be construed as
limiting the claim. The word ‘comprising’ does not exclude the presence of other elements or steps
then those listed in a claim. Furthermore, Furthermore, the terms “a” or “an,” as used herein, are
defined as one or more than one. Also, the use of introductory phrases such as “at least one” and
“one or more” in the claims should not be construed to imply that the introduction of another claim
element by the indefinite articles "a" or "an" limits any particular claim containing such introduced
claim element to inventions containing only one such element, even when the same claim includes
the introductory phrases "one or more" or "at least one" and indefinite articles such as "a" or "an."
The same holds true for the use of definite articles. Unless stated otherwise, terms such as “first”
and “second” are used to arbitrarily distinguish between the elements such terms describe. Thus,
these terms are not necessarily intended to indicate temporal or other prioritization of such
elements. The mere fact that certain measures are recited in mutually different claims does not

indicate that a combination of these measures cannot be used to advantage.
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Claims

1. A method for filtering image data, the method comprising:

receiving image data; wherein the image comprises a plurality of pixels;

defining, for each image pixel out of multiple image pixels, an image region;

dividing a frequency spectrum of each image region into at least three image region
frequency range components;

calculating an energy level for each of the image region frequency range component;

comparing the energy level of each image region frequency range component to at least
one frequency region threshold to provide a comparison result for each image region frequency
range component; wherein each frequency region threshold is calculated based on an intensity
parameter of an image section and based on an energy parameter of at least one reference image
section;

determining, a processing operation for each image region frequency range component,
based on a comparison result associated with the image region frequency range component and
based on a configurable decision rule, wherein the processing operation is selected from a filtering
operation and a bypass operation;

processing each image region frequency range component according to the determination
to provide processed image data; and

displaying a processed image based on the processed image data.

2. The method according to claim 1 comprising:
performing vertical processing of image data to provide vertical processed image data; and
performing horizontal processing of the vertical processed image data to provide
horizontal processed image data;
wherein the performing of vertical processing comprises:
dividing a vertical frequency spectrum of each image region into at least three
image region vertical frequency range components;
calculating an energy level for each of the vertical image region frequency range
component;
comparing the energy level of each vertical image region frequency range
component to at least one vertical frequency region threshold to provide a comparison
result for each image region vertical frequency range component;
determining, a processing operation for each image region vertical frequency
range component; and
processing each image region vertical frequency range component according to
the determination.
3. The method according to claim 1 comprising calculating a frequency region threshold

associated with a image region; wherein the image section is the image region and wherein the at
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least one reference image section comprises image regions of previous images that are located at
a same location as the image region.

4. The method according to claim 1 comprising calculating a frequency region threshold
associated with a image region; wherein the image section is an entire image and wherein the at
least one reference image section comprises the image region and image regions of previous
images that are located at a same location as the image region.

5. The method according to claim 1 comprising calculating a frequency region threshold
associated with a image region; wherein the image comprises a video portion and a graphic
portion; and wherein the image section is defined so as not to include the graphic portion.

6. The method according to claim 1 comprising dividing a frequency spectrum of each image
region into at least five image region frequency range components.

7. The method according to claim 1 comprising dividing a vertical frequency spectrum of each

image region into at least five image region vertical frequency range components.

8. The method according to claim 1 wherein the image data represents a Luma component of
the image.
9. The method according to claim 1 comprising calculating the intensity parameter of the

image section as the average gray level of pixels of the image section; and calculating the energy
parameter of at least one reference image section as an average value of reference image section
first derivative values.
10. The image according to claim 1 comprising calculating, in parallel, energy levels for
different image region frequency range components; and comparing, in parallel, energy levels of
different image region frequency components to different frequency region thresholds to provide
comparison results.
11. The image according to claim 1 comprising defining, for an image region frequency range
component multiple frequency region threshold sets; and selecting a set of frequency region
thresholds based on an intensity parameter of an image section associated with the image region.
12. The image according to claim 1 comprising calculating, for an image region frequency
range component multiple frequency region thresholds that are proportional to an energy
parameter of at least one reference image section associated with the image region.
13. The method according to claim 1 wherein the determining comprises determining whether
to apply deflicker filtering to an image region high frequency range component; and wherein the
processing comprises performing deflicker filtering to the image region high frequency range
component.
14. A system arranged to filter an image, the system comprising:

a memory unit arranged to receive image data; wherein the image comprises a plurality of
pixels;

a image region definer arranged to define, for each image pixel out of multiple image
pixels, an image region;

a spectral analyzer arranged to:
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divide a frequency spectrum of each image region into at least three image region
frequency range components;

and calculate an energy level for each of the image region frequency range
component;

a comparator configured to compare the energy level of each image region frequency
range component to at least one frequency region threshold to provide a comparison result for
each image region frequency range component; wherein each frequency region threshold is
calculated based on an intensity parameter of an image section and based on an energy parameter
of at least one reference image section;

a determination module arranged to determine, a processing operation for each image
region frequency range component, based on a comparison result associated with the image
region frequency range component and based on a configurable decision rule, wherein the
processing operation is selected from a filtering operation and a bypass operation; and

an image processor arranged to process each image region frequency range component
according to the determination to provide processed image data; and send a display instructions,
based on the processed image data, that cause the display to display the processed image data.
15. The system according to claim 14 wherein the spectral analyzer comprises a vertical
spectral analyzer and a horizontal spectral analyzer; wherein the determination module comprises
a vertical determination module and a horizontal determination module; wherein the comparator
comprises a vertical comparator and a horizontal comparator.

16. The system according to claim 14 comprising a frequency region threshold calculator
arranged to calculate at least one frequency region threshold for each image region frequency
component; wherein the image section is the image region and wherein the at least one reference
image section comprises image regions of previous images that are located at a same location as
the image region.

17. The system according to claim 14 comprising calculating a frequency region threshold
calculator arranged to calculate at least one frequency region threshold for each image region
frequency component; wherein the image section is an entire image and wherein the at least one
reference image section comprises the image region and image regions of previous images that
are located at a same location as the image region.

18. The system according to claim 14 comprising a frequency region threshold calculator
arranged to calculate the intensity parameter of the image section as the average gray level of
pixels of the image section; and calculate the energy parameter of at least one reference image
section as an average value of reference image section first derivative values.

19. The system according to claim 14 wherein the spectral analyzer is arranged to calculate, in
parallel, energy levels for different image region frequency range components; and wherein the
comparator is arranged to compare, in parallel, energy levels of different image region frequency
components to different frequency region thresholds to provide comparison results.

20. The system according to claim 14 comprising a frequency region threshold calculator

arranged to define, for an image region frequency range component multiple frequency region
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threshold sets; and to select a set of frequency region thresholds based on an intensity parameter

of an image section associated with the image region.
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