
1 SYSTEM AND METHOD FOR IMAGE RESCALING WITH EDGE
ADAPTIVE PHASE CONTROL IN INTERPOLATION PROCESS Field
of the Invention [0001]The present invention generally
relates to the field of digital image processing, and
more particularly to a system and process for image
resealing with an edge adaptive phase control in
interpolation process. Background of the Invention
[0002]Digital images have become more and more popular
in the field of image display because they offer
clearness and less distortion during processing. In
many circumstances, digital images have to undergo the
process of rescaling or resizing, where the rescaling
or resizing of digital images includes magnification
or reduction of image. For example, large screen
displays have a native resolution that reaches or
exceeds the well-known high-definition TV (HDTV)
standard. In order to display a low-resolution digital
image on a large screen display, it is desirable to
rescale the image to a full screen resolution.
[0003]In a magnification process, additional pixels
are added into the original  pixels. Then the size of
the image is magnified so that the distance between
adjacent pixels is maintained to be the same as that
in the original digital image. Different methods are
available to add the additional pixels. One method
simply replicates pixels-adds a number of pixels
surrounding every existing pixel to form a block of
pixels with the same level. However, the simplicity
itself results in a magnified image with jagged and/or
blurred edges. [0004]Another method generates
additional pixels by a process of interpolation that
substantially removes the blocks of unpleasant pixels
and jagged edges. Interpolation is a common stage in
image processing to improve the appearance of the
processed image on the output imaging medium.
Conventional image resealing methods using
interpolation techniques usually use separable
interpolation kernels to reduce the computational
complexity. The separable interpolation kernels are
performed in the horizontal direction first and then
the vertical direction or vice verse. The kernel
orientations in these  2 implementations are set to
limited levels of either horizontal or vertical.Upon
encountering an oblique edge, the interpolation
primarily uses the pixels on either side of an edge
rather than the pixels along the edge, resulting in an
interpolated edge that appears to be jagged or/and
blurred. [0005]A modified bilinear interpolation
method which prevents the interpolation  from
extending over the edges by using extrapolated
estimates of pixel values for the pixels on the other
side of the edge. However, this method requires
iterative post-processing using a successive
approximation procedure, which places high demands on
memory and processing resources. 



[0006]Another method selects interpolation kernels
based on edge strength or user input. However, there
are some consequences of the method. First, using edge
strength alone as the basis of kernel selection does
not provide sufficient information for reliable kernel
selection (especially at oblique edges). Second,
kernel selection solely based upon user input is
impractical and cannot specify enough details.
Generally, kernel selection needs to achieve both
automatic and reliable so that the appropriate kernel
can be applied on different edge strengths and edge
directions which are typically found in images. Brief
Description of the Drawings [0007]Preferred
embodiments according to the present invention will
now be described with reference to the Figures, in
which like reference numerals denote like elements.
[0008]FIG 1 is a functional block diagram of the image
processing system with adaptive phase control in
accordance with one embodiment of the present
invention. [0009]FIG 2 is a functional block diagram
of the local image feature analysis module in
accordance with one embodiment of the present
invention. [0010]FIG 3 shows an exemplary 3x3
neighborhood window for illustration of local gradient
estimation. [0011]FIG 4 shows an exemplary table
indicating the range of edge angles, the quotient
values, the sign bits of Gx and Gy and IGx|-|Gy|
samples in the respective angle range.  3 [0012]FIG 5
shows a logical schematic diagram of the edge
direction estimator in accordance with one embodiment
of the present invention. [0013]FIG 6 is a functional
block diagram of the multiplexer in accordance with 



one embodiment of the present invention. [0014]FIG 7
shows an example of adjacent pixels selection based on
the edge direction of central pixel. [0015]FIG 8 shows
a functional block diagram of the edge contour
detection in sub-pixel accuracy module in accordance
with one embodiment of the present invention.
[0016]FIG 9 shows an exemplary edge distance
calculation window. [0017]FIG 10 shows an exemplary
cubic interpolation using four support pixels.
[0018]FIG 11 illustrates some examples of the
interpolation curves driven by different edge distance
values. [0019]FIG 12 shows an exemplary edge
directional filtering before horizontal interpolation
[0020]FIG 13 shows an exemplary 3x3 neighbourhood
window that is used to filter the support pixel B.
[0021]FIG 14 shows a block diagram of interpolation
processor in accordance with one embodiment of the
present invention. Detailed Description of the
invention [0022]The present invention may be
understood more readily by reference to the following
detailed description of certain embodiments of the
invention. [0023]A system and process are described
for image rescaling with an edge 



adaptive phase control in interpolation process.
Briefly, the edge adaptive phase control shifts the
phase of the interpolation kernel adaptively based on
local edge distance. In one embodiment, the edge
adaptive phase control includes edge directional
filtering to reduce the noise and edge jaggedness of
input image data, estimating local edge distance by
combination of local image feature analysis and
sub-pixel edge detection, and achieving edge adaptive
interpolation by modifying the phase of interpolation
kernel based on the estimated local edge distance.
[0024]Now referring to FIG 1, there is provided a
functional block diagram of the image processing
system with adaptive phase control in accordance with
one embodiment  4 of the present invention. The image
processing system 1 comprises an input image data
module 101, a horizontal interpolation module 102, a
vertical interpolation module 103, an adaptive
horizontal phase control module 104, an adaptive
vertical phase control module 105, a local image
feature analysis module 106, an edge contour detection
in sub-pixel accuracy module 107, a local edge
distance estimation module 108, an edge directional
filter 109, and an edge directional filter 110.
[0025]The input image data module 101 functions for
receiving the input image  data to be processed and
temporarily storing the received input image data so
as to make the stored input image data to be available
for further processing. The input image data module
101 can be any electronic means that is suitable for
performing the desired functions; such means are well
known to those skilled in the art; thus there is no
more details provided herein. [0026]Now referring to
FIG 2, there is provided a functional block diagram of
the local image feature analysis module 106 in
accordance with one embodiment of the present
invention. As shown in FIG 2, the local image feature
analysis module 106 comprises a low pass filter 201, a
gradient magnitude estimator 202, an edge direction
estimator 203, and a corner detector 204. The low pass
filter 201 is operably coupled with the input image
data module 201, receiving and filtering the input
image data to reduce the noise. In one embodiment, the
low pass filter 201 is a Gaussian lowpass filter. The
gradient magnitude estimator 202 is operably coupled
with the low pass filter 201., receiving the filtered
input image data and estimating the gradient magnitude
in the horizontal direction Gx and the vertical
direction Gy in an nxn neighborhood window, where the
n can be any integral. FIG 3 shows an exemplary 3x3
neighborhood window that will be used to illustrate
the calculation of both gradient magnitudes Gx and Gy
. Based on a 3x3 neighborhood window, the gradient
magnitudes in the horizontal direction G., and the
vertical direction G,, can be estimated according to
the following equations (I) and (2): [0027] C= (X1+ 2*
X2 + X3 - (X6 + 2 * X7+ X8)) / 4; (I) [0028] G y =
(X1+ 2* X4 + X6 - (X3 + 2* X5 + X8))/ 



4; (2) [0029] Accordingly, the local gradient
magnitude can be estimated according to the following
equation (3): [0030]G" = G2. 1+ 1G y D / 2;(3)  5
[0031]Still referring to FIG 2, the edge direction
estimator 203 is operably coupled with the gradient
magnitude estimator 202, receiving the estimated
gradient values Gxand G), . The edge direction
estimator 203 extracts the edge direction from the
quotient defined by I G),MG.,.I (when IG),HIG,I) orI
(when I G),I>IG,I) combined with the signs ofG,andG""
respectively. FIG 4 shows an exemplary table
indicating the range of edge angles, the quotient
values, the sign bits ofG"andG),and IG,,FIG), I
samples in the respective angle range. In the 'sign'
column, '0' represents positive and '1' negative. The
final column, 'edge direction', illustrates a simple
method of determining edge direction from the sign
bits and the quotient values. [0032]Now referring to
FIG 5, there is provided a logical schematic diagram
of the  edge direction estimator 203 in accordance
with one embodiment of the present invention. As shown
in FIG 5, the edge direction estimator 203 comprises a
pair of absolute value circuits 501, 502, a
subtraction circuit 503, a switching circuit 504, a
divider circuit 505, a logic decoder 506, a
multiplexer 507 and a limiter 508. In operation, the
gradient magnitudesG,and Gy are respectively applied
to the absolute value circuits 501, 502 which output
only the magnitude of the input signals. FG I the
output of circuit 501, is passed to the subtraction
circuit 503 as subtrahend, anth GyI, the output of
circuit 502, is passed to 



the subtraction circuit 503 as minuend. The output of
the circuit 503 equals the difference between the two
input signals,. The sign bit of the calculation
indicates which input signal to the subtraction
circuit 503 has the largest magnitude. The switching
circuit 504 receives I G" I and I Gy I as major inputs
and a signal indicative of the sign of IG"yl as a
control input; the control input ensures that the
switch is operative such that the larger input signal
is always directed to the following divider circuit
505 as divisor, and the smaller input signal is always
directed to the divider circuit 505 as dividend.
[0033]The divider circuit 505 acts on its input
signals to generate a quotient value that is the input
to the multiplexer 507. As shown in FIG 6, there is
provided a functional block diagram of the multiplexer
507 in accordance with one embodiment of the present
invention. The multiplexer 507 comprises a plurality
of adder units and a translator 601, where the input
signals are augmented in the plurality of adder units
to generate a series of possible angle values which
are all fed into the translator 601, and where the
translator 601  6 is in effect a further multiplexer.
The control inputs from the logic decoder 506 to the
translator 601 are derived from three digital signals
representing the signs of G.,. and G, and These sign
bits are decoded in the logic decoder 506 to create
the three control bits required to select one of the
eight inputs to the translator 601. In effect, the
circuit of FIG 6 puts the results of the table of FIG
4 into effect. [0034]The output of the multiplexer 507
is fed into the limiter 508 to ensure that the
eventual output of edge direction is limited in the
range of 0 to 360. [0035]Now referring back to FIG 2,
the corner detector 204 is operably coupled with the
edge detection estimator 203, receiving the estimated
edge directions to detect corners. The detection of
corners includes two steps. [0036]At step I, according
to the edge direction (EdgeDir0) of the central pixel 



XO as shown in FIG 7, where an exemplary 3x3
neighborhood window as shown in FIG 3 is utilized
herein to illustrate the detection of corners, two
adjacent edge directions, EdgeDirL and EdgeDirR, are
selected from 8 neighborhood pixels as described by
the following pseudocode: [0037]  If(EdgeDirO>0 &d'c
EdgeDir0<23 F EdgeDirO>=158 && EdgeD 0<203 11
EdgeDirO> =338 && EdgeDir0<360) EdgeDirL=EdgeDir4;
EdgeDirl?-EdgeDir5; If(17,dgeDir0>-23 && EdgeDir0<68
IF EdgeDirO> =203 && EdgeDir0<248) EdgeDirL=EdgeDir6;
EdgeDirR=EdgeDir3; 11(EdgeDirO> =68 &ccr EdgeDir0<113
11 EdgeDirO>=248 && EdgeDir0<293) EdgeDirL=EdgeDir7;
EdgeDirR=EdgeDir2; 11(EdgeDirO> =113 && EdgeDir0<
15811EdgeDirO>=293 && EdgeDir0<338) EdgeDirL=EdgeDirl
; EdgeDirR=EdgeDir8;  7 [0038]Then, the absolute
difference between EdgeDirL and EdgeDirR is derived by
the following equation (4):
[0039]DiffDir=fEdgeDirL-EdgeDirRI(4) 



[0040]If the difference DifjDit: is larger than a
predefined corner detection threshold, the central
pixel X0 is regarded as a corner candidate. Otherwise,
it is not a corner. [0041]At step 2, the central pixel
is identified as a corner if there are two or more
pixels within a 3x3 neighborhood window are candidates
of the corner. Otherwise, it is not a corner.
[0042]Now referring back to FIG 1, the edge contour
detection in sub-pixel accuracy module 107 is operably
coupled with the local image feature analysis module
106, receiving the information of On and EdgeDir
respectively from the gradient magnitude estimator 202
and edge direction estimator 203 of the local image
feature analysis module 106 to detect the edge contour
in sub-pixel accuracy. FIG 8 shows a functional block
diagram of the edge contour detection in sub-pixel
accuracy module 107 in accordance with one embodiment
of the present invention. The edge contour detection
module 107 comprises a gradient magnitude transformer
801, a non-maximum suppression circuit 802, and an
edge contour connection circuit 803. [0043]The
gradient magnitude transformer 801 receives the
information of On and EdgeDir respectively from the
gradient magnitude estimator 202 and edge direction
estimator 203 of the local image feature analysis
module 106, transforming the estimated gradient
magnitudes into high resolution lattices using cubic
interpolation. In certain embodiments, other
interpolation methods such as linear interpolation or
quadratic interpolation may also be used. [0044]The
non-maximum suppression circuit 802 uses the local
maximum of the gradient magnitude along the
perpendicular axis of the edge direction to determine
which pixel is considered as an edge pixel and need
not to be suppressed. The edge contour connection
circuit 803 connects the broken edge contour which is
caused by the operator output fluctuating above and
below the threshold. In one embodiment, a high
threshold T1 and a low threshold T2 are used. If a
gradient magnitude is the local maximum and greater
than Ti, it is presumed as an edge pixel. Then any
pixel connected to this pixel with local maximum
gradient magnitude greater than T2 is also detected as
edge pixel.  8 [0045]Still referring back to FIG I,
the local edge distance estimation module 108  is
operably coupled with the edge contour detection in
sub-pixel accuracy module 107, receiving the detected
edge contour information and estimating the local edge
distance from the to-be-interpolated pixel to the
local edge contour. FIG 9 shows an exemplary edge
distance calculation window 901, where the width and
height of the calculation window are defined by the
following equations (5) and (6): [0046]WinSizeX =
3*z001flx(5) [0047]WinSizeY = 3 *Z00171.))(6)
[0048]Where zooms and zoomy are resealing factors in
horizontal and vertical directions. The calculation
window 901 includes the Pixel to be interpolated p(x,
y) 902, the Edge pixels pi(xi, yd 903, and the Edge
contour 904. [0049]In horizontal interpolation, the
distance Dist, from the to-be-interpolated 



pixel to the local edge contour is calculated
according to the following equation (7): [0050]Dist x
= x - nix (7) [0051]While in vertical interpolation,
the distance Dist), from the to-be- interpolated pixel
to local edge contour is calculated according to the
following equation (8): [0052]Dist = y - m (8)
[0053]Where x and y are horizontal and vertical
positions of the to-be-interpolated pixel; nt, and my
are the average values of' horizontal position and
vertical position of the pixels on the edge contour in
the calculation window, which can be calculated
according to the following equations (9) and (10):
[0054]177 = 1 17-1(9) 11    [0056]where n is the
number of pixels on the edge contour. [0057]Now the
interpolation process of the present invention will be
illustrated by cubic interpolation with 4 input
support pixels. The cubic interpolation uses the third
order polynomial function based on 4 input support
pixels to generate the interpolated pixel. As shown in
FIG 10, A, B, C and D are 4 input support pixels, X is
the pixel to be  9 



interpolated, and s is the phase of the interpolation
kernel. Then, the value of X can be calculated by the
following equation (11): .32(x) =Y" *.7(s)(") ,y=
[0059]Where fn(s)(n-A,B,CD) are four control synthesis
functions which can be defined by the following
equations (12), (13), (14), and (15) respectively: =
(-s3 + 2*s2 -s)/2 (121 [0060]1,3(s) = (3 * s - 5 * .c2
+ 2) / 2(131 f(:(s)= (-3 * + 4 * + s) / 2(141 fo(s)=
(s3 s2)I2(15) [0061]Where the phase s is defined as
the pixel distance from the position of the
to-be-interpolated pixel X to the second support pixel
B. [0062]It is apparent that the phase s is a
determinant to the interpolation. When the phase s
does not include any local edge information, the
interpolation will result in blurred edges and
jaggedness along the edges in a 2D case. By
incorporating the local edge contour information
obtained from the edge contour detection in sub-pixel
accuracy module 107, the phase s can be modified into
a phase s' that is adaptive to the local edge
information according to the following equation (16):
[0063]s'= Dist s  (s -1) + s (16) [0064]Where s is the
unmodified phase which is defined as the pixel
distance from the to-be-interpolated pixel to the
support pixel B; Dist is defined as the edge distance
from the to-be-interpolated pixel to the local edge
contour as shown in FIG 9. With such a control of edge
distance, the phase of interpolation kernel will be
changed adaptively to local edge information. FIG 11
illustrates some examples of the interpolation curves
driven by different edge distance values. [0065]Now
referring back to FIG 1, the adaptive horizontal phase
control module 104 calculates the phase in the
horizontal interpolation according to the following
equation (17): 



[0066]s' = Dist,  s (s -1) + s(17) [0067]Similarly,
the adaptive vertical phase control module 105
calculates the phase in the horizontal interpolation
according to the following equation (18): [0068]s'.
Dist  s  (s -1) + s(18)  10 [0069]Generally, there is
no clear edge contour passing through the calculation
window at corner region. To avoid estimation error,
the edge distance is set to zero if the pixel to be
interpolated is detected in corner region. [0070]Still
referring back to FIG I, the edge directional filters
109, 110 are applied  on the input support pixels from
the input image data module 101 before performing
interpolation process. This procedure can reduce the
noise and jaggedness caused by some other image
pre-processing. FIG 12 shows an exemplary processing
window of edge directional filtering before horizontal
interpolation, where pixels A, B, C, D are four
original support pixels that will be used in
interpolation process to generate the interpolated
pixel X. The edge directional filter 109 is applied on
the support pixel B and C to obtain the filtered
pixels, B' and C'. Then the pixels A, B', C' and D are
used in interpolation process instead of A, B, C and
D. [0071]The edge directional filters 109, 110 may be
a 1D low pass filter which is applied on the support
pixels and their two adjacent pixels. The adjacent
pixels are selected from a 3x3 neighbourhood window
based on the edge direction of the support pixels. FIG
13 shows an exemplary 3x3 neighbourhood window that is
used to filter the support pixel B. The edge direction
of B is quantized into one of the four directions:
horizontal (0), diagonal (45), vertical (90) and
anti-diagonal (135), which can be obtained by the
following equation (19): 0/,1 (0 Edge]) fill < 2311180
EdgeDirB < 203) 45 j/(23 5 EdgeDirB < 6811203 EdgeDirB
<248) (19) 90 /./(68 EdgeDirB < 113 II 248 s EdgeDirB
< 293) 135 it(113 EdgeDirB <15811293 EdgeDirB < 338)
[0073]According to the quantized edge direction, pixel
B can be filtered by the following equation (20): 



[0074] [0075] B'= Where X1(4) + 2* B + X' (5)(DirB =
0) X1(6) + 2* B + X1(3)if (DirB = 45) (20) X1(2) +B +
X1(7)if (DirB = 90) X1(1) + 2*/3+ X1(8)if (DirB = 135)
B' is the filtered value of pixel B; X' (i) are the
neighbourhood  pixels of pixel B which can be defined
by the following equation (21): X'(i) = r(i)X(i)- B
G8) [0076](i=1...8) (21) else  11 [0077]And GB is a
threshold which is related to the gradient magnitude
of the pixel B. 



[0078]Now referring back to FIG 1, the horizontal
interpolation module 102 is  operably coupled with the
upstream edge directional filter 109 and adaptive
horizontal phase control module 104, first resealing
the input image data in horizontal interpolation. The
vertical interpolation module 103 is operably coupled
with the upstream edge directional filter 110 and
adaptive vertical phase control module 105, resealing
the horizontally interpolated image data in vertical
interpolation. In each of the interpolation, the phase
of interpolation kernel is calculated based on the
pixel's location in output space. Then, the phase
value is modified by the phase controls 104, 105 which
are adaptive to the local edge distance. Then, the
modified phase value is used in ID cubic interpolation
kernel of the horizontal and vertical interpolation
modules 102, 103 to calculate the output interpolated
pixel value. To get the edge distance information,
local image features (e.g., local gradient magnitude,
edge direction and corner) are estimated in the local
image feature analysis module 106, and then
transformed to high resolution space in sub-pixel
accuracy to detect the edge contour in the edge
contour detection in sub-pixel accuracy module 107.
The edge directional filters 109, 110 are applied on
the input image data to reduce the noise and
jaggedness along the edge which are caused by other
image processing techniques (e.g., de-interlacing)
before the resealing process. [0079]In both horizontal
and vertical interpolations, the ID cubic
interpolation is implemented by using a look-up table
as shown in FIG 14. In this figure, KernelLUT 1401 is
a look-up table which stores the values of four
control synthesis functions. The contents of the
look-up table can be calculated by equations
(12)-(15). The size of this look-up table depends on
the resolution of interpolation. It is initialized at
the beginning of image resealing process. The
interpolation processor 1402 is used to calculate the
interpolated pixel value y (x) using the interpolation
kernel which is stored in KernelLUT 1401, which is
formulated by the following equation (22): [0080] Y(x)
= Y A * .f" (st ) + y,3 * f (s' )+ Ye * fcYD * ID )
(22) [0081] A video image processing system is
described that rescales image data with  12
[0082)While this detailed description has set forth
some embodiments of the present invention, the
appended claims are sufficiently supported to cover
and will cover other embodiments of the present
invention which differ from the described embodiments
according to various modifications and improvements.
For example, edge directional filtering can be done
first either horizontally or vertically, and
interpolation can also be done first either
horizontally or vertically without deviating from the
principles of the present invention.  13 CLAIMS What
is claimed is: 



1.A video image processing system comprising:       an
input image data module configured to receive and make
input image data available for further processing;
a local image feature analysis module operably coupled
with the input image data module, operable to receive
the input image data and analyze the local features of
the input image data, wherein the local features
include gradient magnitude, edge direction and
corners;       an edge contour detection in sub-pixel
accuracy module operably coupled with the local image
feature analysis module, operable to receive the
information of gradient magnitude and edge direction
to detect the edge contour in sub-pixel accuracy;
a local edge distance estimation module operably
coupled with the edge contour detection in sub-pixel
accuracy module, operable to receive the detected edge
contour information and estimating the local edge
distance from a to-be-interpolated pixel to the local
edge contour;        a pair of edge directional
filters operably coupled with the input image data
module, operable to filter the input image data before
performing interpolation process;        an adaptive
horizontal phase control module and an adaptive
vertical phase control module operably coupled with
the local edge distance estimation module, operable to
modify the phase value adaptive to the local edge
distance;        a horizontal interpolation module
operably coupled with one of the edge directional
filters and adaptive horizontal phase control module,
operable to rescale the input image data in horizontal
interpolation; and       a vertical interpolation
module operably coupled with one of the edge
directional filters and adaptive vertical phase
control module, operable to rescale the horizontally
interpolated image data in vertical interpolation;
thereby the video image processing system is operable
to interpolate the input image data, resulting in an
output image with sharp and jaggedness-free edges.  14
2.The video image processing system of claim I,
wherein the local image feature analysis module
comprises:        a low pass filter operably coupled
with the input image data module, operable to receive
and filtere the input image data to reduce the noise;
a gradient magnitude estimator operably coupled with
the low pass filter, operable to receive the filtered
input image data and to estimate the gradient
magnitude in the horizontal direction GA and the
vertical direction Gy in an nXn neighborhood window,
where the n is any integral;       an edge direction
estimator operably coupled with the gradient magnitude
estimator, operable to receive the estimated gradient
values G., and GA, and to extract the edge direction
from the quotient defined by Gy11G" I (when I GyNG"1)
or I G,11G,, (when I GyNG"1) combined with the signs
ofGA. and G", respectively; and 



a corner detector operably coupled with the edge
detection estimator, operable to receive the estimated
edge directions to detect corners. 3. The video image
processing system of claim 2, wherein the low pass
filter is a Gaussian lowpass -filter.  4. The video
image processing system of claim 2, wherein the
gradient magnitude estimator is operable to first
estimate the gradient magnitudes in the horizontal
direction GA and the vertical direction Gy for a 3x3
window according to the following equations: G" =(Xl+
2* X2 + X3 - (X6 + 2* X7 + X8))/ 4; Gy = (X1+ 2 * X4 +
X" - (X3 + 2 * X5 + X8))/ and then estimate the local
gradient magnitude according to the following
equation: Gn=(IGxI+IGY )12-  15 5.The video image
processing system of claim 2, wherein the edge
direction estimator comprises:       a pair of
absolute value circuits for operable to receive the
gradient magnitudes G1 and G, and outputt only the
magnitude of the input signals;       a subtraction
circuit operably coupled with the pair of absolute
value circuits, operable to output the difference
between the two input signals, i.e.,I G.       a
switching circuit operable to receive I G" I and I Gy
I as major inputs and a signal indicative of the sign
of I G, I-I Gy I as a control input; wherein the
control input ensures that the switch is operative
such that the larger input signal is always used as
divisor, and the smaller input signal is always used
as dividend; a divider circuit operable to generate a
quotient value;      a logic decoder operable to
receive three digital signals representing the signs
of G " and G y and IG HG and decod them to create the
three control bits; a multiplexer operable to generate
the value of edge direction; and 



a limiter operable to ensure that the eventual output
of edge direction is limited in the range of 0 to 360.
6.The video image processing system of claim 2,
wherein the system is operable such that the detection
of the corners in an exemplary 3x3 neighborhood window
includes:       according to the edge direction
(EdgeDir0) of the central pixel X0, two adjacent edge
directions, EdgeDirL and EdgeDirR, are selected from 8
neighborhood pixels as described by the following
pseudo code:  41(EdgeDirO> 0 && EdgeDir0< 23 II
EdgeDirO> =158 && EdgeDir0<203 EdgeDirO> =338 &&
EdgeDir0<360) EdgeDirL=EdgeDir4; EdgeDirR=EdgeDir5; z
If(EdgeDirO> =23 && EdgeDir0<68 EdgeDirO> =203 &&
EdgeDir0<248) EdgeDirL=EdgeDir6; EdgeDirR=EdgeDir3;
ifiEdgeDirO> =68 && EdgeDir0< 113 EdgeDirO> =248 &&
EdgeDir0< 293)  16 it  EdgeDirL-Ed geDir 7;
EdgeDirl?-EdgeDir2; 11(EdgeDirO> = 113 && EdgeDir0<1 H
EdgeDirO> = 293 && EdgeDir0<338) EdgeDirL=EdgeDir1 ;
EdgeDirl?=EdgeDir8; then, the absolute difference
between EdgeDirL and EdgeDirR is derived by the
following equation: DiffDir=lEdgeDirL-EdgeDirRi
whereby if the difference DiffDir is larger than a
predefined corner detection threshold, the central
pixel XO is regarded as a corner candidate; otherwise,
it is not a corner; and whereby the central pixel is
identified as a corner if there are two or more pixels
within the 3x3 neighborhood window are candidates of
the corner; otherwise, it is not a corner. 



7. The video image processing system of claim 1,
wherein the edge contour detection module comprises:
a gradient magnitude transformer operable to receive
the information of the gradient magnitude and edge
direction from the local image feature analysis module
and transform the estimated gradient magnitudes into
high resolution lattices using interpolation;        a
non-maximum suppression circuit operable to use the
local maximum of the gradient magnitude along the
perpendicular axis of the edge direction to determine
which pixel is considered as an edge pixel and need
not to be suppressed; and       an edge contour
connection circuit operable to connect the broken edge
contour which is caused by the operator output
fluctuating above and below a threshold.  8. The video
image processing system of claim 1, wherein the system
is operable such that the interpolation is a cubic
interpolation, a linear interpolation or a quadratic
interpolation,  9. The video image processing system
of claim 1, wherein the system is operable such that
the calculation of the local edge distance includes:
17         in horizontal interpolation, the distance
Dist., from the to-be-interpolated pixel to the local
edge contour is calculated according to the following
equation: Dist = x - in, ;       in vertical
interpolation, the distance Dist from the
to-be-interpolated pixel to local edge contour is
calculated according to the following equation: Dist =
y - my ; where x and y are horizontal and vertical
positions of the to-be-interpolated pixel; m, and in),
are the average values of horizontal position and
vertical position of the pixels  on the edge contour,
and where the in, and my are calculated according to
the following equations: fl -I = - 



n in= - Yi 71 where n is the number of pixels on the
edge contour.  10. The video image processing system
of claim 1, wherein the pair of edge directional
filters are an Ill low pass filter which is operable
to apply on support pixels and their two adjacent
pixels, where the adjacent pixels are selected from a
neighbourhood window based on the edge direction of
the support pixels.  11. Tlac video image processing
system of claim 10, wherein the system is operable
such that the edge direction of one support pixel B is
quantized into one of the four directions: horizontal
(0), diagonal (45), vertical (90) and anti-diagonal
(135), which can be obtained by the following equation
(19): " 0if(0 EdgeDirB < 23 11180 5 EdgeDirB <203)
DirB = 45 (1(23 EdgeDirB < 6811203 5 EdgeDirB < 248)
90 /f(68 5 EdgeDirB <11311248 5 EdgeDirB <293) 135
/f(113 s EdgeDirB <15811293 5 EdgeDbB <338) whereby
accord ng to the quantized edge direction, the support
pixel B can be filtered by the following equation:  18
X ' (4) + 2* B + X'(5) if (DirB = 0) X' (6) + 2 * B +
X' (3) if (DirB = 45) X'(2) + 2*B + X' (7) if (DirB =
90) X'(1) + 2*13 + X ' (8) (DirB = 135) where B' is
the filtered value of the support pixel B; X' (i) are
the neighbourhood pixels of support pixel B which can
be defined by the following equation: "XO)X(i) - B GB)
X' (0= .(1=1_8) else 



where G is a threshold which is related to the
gradient magnitude of the support pixel B.  12. The
video image processing system of claim 1, wherein the
system is operable such that in each of the
interpolation, the phase of interpolation kernel is
calculated based on the pixel's location in output
space. 13. A method of processing video images, said
method including the following steps of receiving and
making input image data available for further
processing; analyzing the local features of the input
image data, wherein the local features include
gradient magnitude, edge direction and corners;
receiving the information of gradient magnitude and
edge direction to detect the edge contour in sub-pixel
accuracy;       receiving the detected edge contour
information and estimating the local edge distance
from a to-be-interpolated pixel to the local edge
contour; filtering the input image data before
performing interpolation process; modifying the phase
value adaptive to the local edge distance;
resealing the input image data in horizontal
interpolation using the modified phase value; and
resealing the horizontally interpolated image data in
vertical interpolation using modified phase value;
thereby generating interpolated video images with
sharp and jaggedness-free edges.  19  14. The method
of claim 13, wherein the step of analyzing the local
features comprises: filtering the input image data to
reduce the noise with a low pass filter;
estimating by a gradient magnitude estimator the
gradient magnitude in the horizontal direction G " and
the vertical direction(); in an nXn neighborhood
window, where the n is any integral;       extracting
by an edge direction estimator the edge direction from
the quotient defined by I G3, VI G I (when I G "NG x
I) or I Gx1/1G3,1 (when I G, 1>1 G, I) combined with
the signs ofG " and G3' respectively; and detecting
corners by a corner detector. 



15. The method of claim 14, wherein the low pass
filter is a Gaussian lowpass filter.  16. The method
of claim 14, wherein the step of estimating the
gradient magnitude includes: first estimating the
gradient magnitudes in the horizontal direction G, and
the vertical direction G " for a 3x3 window according
to the following equations: G, = (Xi + 2* X2 + X3 -
(X6 + 2 * X7 + X8)) / 4; ' - (X1+ 2* X4 + X6 - (X3 + 2
* X5 + X8)) / 4; and then estimating the local
gradient magnitude according to the following
equation: Gn= ( I+ GY 1)/2. 17. The method of claim
14, wherein the step of extracting the edge direction
includes: receiving the gradient magnitudes G, and G3,
and outputting only the magnitude of the input
signals; outputting the difference between the two
input signals,G, I -      receiving I G" I and I G3, I
as major inputs and a signal indicative of the sign of
G, -1G " I as a control input; wherein the control
input ensures that the switch is  20 operative such
that the larger input signal is always used as
divisor, and the smaller input signal is always used
as dividend; generating a quotient value;
receiving three digital signals representing the signs
of G. and G and I G,HG),1 and decoding them to create
the three control bits; generating the value of edge
direction; and ensuring that the eventual output of
edge direction is limited in the range of 0 to 360.
18.The method of claim 14, wherein the step of
detection of the corners in an 



exemplary 3x3 neighborhood window includes:
according to the edge direction (EdgeDir0) of the
central pixel XO, two adjacent edge directions,
EdgeDirL and EdgeDirR, are selected from 8
neighborhood pixels as described by the following
pseudocode:  If(EdgeDirO> 0 && EdgeDir0< 23 II
EdgeDirO> =158 && EdgeDir0< 203 EdgeDirO> =338 &&
EdgeDir0<360) EdgeDirL=EdgeDir4; EdgeDirR=EdgeDir5;
If(EdgeDirO> =23 && EdgeDir0<68 IF EdgeDirO> =203 &&
EdgeDir0<248) EdgeDirL=EdgeDir6; EdgeDirR-EdgeDir3;
If(hdgeD/rO>=68 && EdgeDir0< 113 IF EdgeDirO> -248 &&
EdgeDir0<293) EdgeDirL=EdgeDir 7; EdgeDirR=EdgeDir2;
If(EdgeDirO> =113 && EdgeDir0<158 I EdgeDirO> =293 &&
EdgeDir0< 338) EdgeDirL=EdgeDir 1 ; EdgeDirR=EdgeDir8;
then, the absolute difference between EdgeDirL and
EdgeDirR is derived by the following equation:
lEdgeDirt-EdgeDirRI  21 whereby if the difference
DeDir is larger than a predefined corner detection
threshold, the central pixel X0 is regarded as a
corner candidate; otherwise, it is not a corner; and
whereby the central pixel is identified as a corner if
there are two or more pixels within the 3x3
neighborhood window are candidates of the corner;
otherwise, it is not a corner. 



19. The method of claim 13, wherein the step of
detecting edge contour comprises:       receiving the
information of the gradient magnitude and edge
direction and transforming the estimated gradient
magnitudes into high resolution lattices using
interpolation;       using the local maximum of the
gradient magnitude along the perpendicular axis of the
edge direction to determine which pixel is considered
as an edge pixel and need not to be suppressed; and
connecting the broken edge contour which is caused by
the operator output fluctuating above and below a
threshold.  20. The method of claim 13, wherein the
interpolation is a cubic interpolation, a linear
interpolation or a quadratic interpolation.  21. The
method of claim 13, wherein the step of the
calculation of the local edge distance includes:
in horizontal interpolation, the distance Dist, from
the to-be-interpolated pixel to the local edge contour
is calculated according to the following equation:
Dist, = x - in ;        in vertical interpolation, the
distance Dist from the to-be-interpolated pixel to
local edge contour is calculated according to the
following equation: Disc = y -; where x and y are
horizontal and vertical positions of the
to-be-interpolated pixel; M1 and in y are the average
values of horizontal position and vertical position of
the pixels on the edge contour, and where the nt, and
in y are calculated according to the following
equations:  22  where 71 is the number of pixels on
the edge contour.  22. The method of claim 13, wherein
the step of filtering the input image data before
performing interpolation process includes using an 1D
low pass filter to filter support pixels and their two
adjacent pixels, where the adjacent pixels are
selected from a neighbourhood window based On the edge
direction of the support pixels. 



23. The method of claim 22, wherein the edge direction
of one support pixel B is quantised into one of the
four directions: horizontal (0), diagonal (45),
vertical (90) and anti-diagonal (135), which can be
obtained by the following equation (19): 0if (0 s
EdgeDirB < 2311180 s EdgeDirB <203) 45 if (23 s
EdgeDirB < 6811 203 s EdgeDirB < 248) 90 ?f(68 5-
EdgeDirB < 11311248 s EdgeDirB < 293) 135 /1 (113 s
EdgeDirB <15811293 s EdgeDirB <338) whereby according
to the quantized edge direction, the support pixel B
can be filtered by the following equation: X1(4) + 2 *
B + X' (5)(DirB = 0) X1(6) + 2* B + X' (3) if (DirB =
45) A" (2) + 2* B + X' (7) if (DirB = 90) X1(1) + 2*B
+ X'(8) if (DirB = 135) where B' is the filtered value
of the support pixel B; A/1(i) are the neighbourhood
pixels of support pixel B which can be defined by the
following equation: X'(i)=if G x (0 - B 1< Gs) (1=1.8)
else  where G13 is a threshold which is related to the
gradient magnitude of the support pixel B.  23 24.The
method of claim 13, wherein in each of the
interpolation, the phase of interpolation kernel is
calculated based on the pixel's location in output
space. 



24 ABSTRACT SYSTEM AND METHOD FOR IMAGE RESCALING WITH
EDGE ADAPTIVE PLEASE CONTROL IN INTERPOLATION PROCESS
A video image processing system is described that
generates the interpolated video images with sharp and
jaggedness-free edges. A method of video image
processing is also described that interpolates video
images to generate the video images with sharp and
jaggedness-free edges. The video image processing
system receives and makes input image date available
for further processing; analyzes the local features of
the input image data, wherein the local features
include gradient magnitude, edge direction and
corners; receives the information of gradient
magnitude and edge direction to detect the edge
contour in sub-pixel accuracy; receives the detected
edge contour information and estimates the local edge
distance from a to-be-interpolated pixel to the local
edge contour; filters the input image date before
performing interpolation process; modifies the phase
value adaptive to the local edge distance; rescales
the input image data in horizontal interpolation using
the modified phase value; and rescales the
horizontally interpolated image data in vertical
interpolation using the modified phase value. Fig. I 


