1 SYSTEM AND PROCESS FOR | MAGE RESCALI NG USI NG ADAPTI VE | NTERPOLATI ON
KERNEL W TH SHARPNESS AND OVERSHOOT CONTROL Field of the Invention [0001]
The present invention generally relates to the field of digital inage
processing, and nore particularly to aqsystem and process for resealing
digital images wusing adaptive interpolation kernel with sharpness and
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common stage in image processing to improve the appearance of the processed image on
the output tmaging medium. Interpolation is often performed during rescaling or resizing
of digital images.
[0003] 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.
[0004] Traditionally, linear interpolation techniques such as bilinear or bicubic
interpolation are used to rescale digital images. However, these linear interpolation
techniques have certain drawbacks. For example, the interpolated image may suffer from
blurring edges, resulting in a loss in image quality. Furthermore, artifacts such as
overshoot and undershoot may be introduced around the edge areas. Therefore, many
techniques have been proposed to improve the subjective quality of the interpolated images
by using adaptive (interpolation) algorithms. These adaptive algorithms minimize loss in
image quality by adapting the interpolation coefficients in the algorithms to better match

the local structures around the edges of the image.



[ 0005] One approach/ nethod for adaptive interpolation of imge data is by
sel ecting an appropriate interpolation kernel function froma plurality of
different interpolation kernel functions based on one or nore factors. The
factors can be the input inmage formatp the output imaging nedia, or the
appearance characteristic of the interpolated imge data. [0006] Another
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control, the control parameter is fixed for all the pixels. However, the effect of local
sharpness control for different characteristics of image content has not been adequately
addressed. For example, whilst the three methods enhance the sharpness of the edge
components, they also tend to amplify the noise in the signal. Furthermore, the three
methods are unable to control the sharpness level locally through local sharpness control,
thereby causing the weak edges to be enhanced without over-enhancing the strong edges.
In local sharpness control, the control parameter is different for each individual pixel. Asa
result, the methods produce artificial-looking images.
[0009] One approach for local sharpness control is to apply an adaptive
enhancement process on different edge magnitudes to achieve good edge enhancement.
However, the soft edges can add depth perceptibility to the digital image, and therefore this
approach is not suitable for steepening. Furthermore, the hard edges are already steep

enough to demand further enhancement.



enough to demand further enhancenent. 3 [0010] As descri bed above,
conventional |inear interpolation techniques and the existing adaptive
techni ques suffer fromblurring edges or introducing artefacts around edge
area, such as overshoot and undershootz The conventional techniques
generally address the effectiveness of global sharpness control which is
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gener at01 3 produces three horizontal mtei polatlon factors hwl, hw2, and hw3, each
having a ratio between a horizontal component of the visual area determined by image data
of an original image and a horizontal component of the visual area determined by image
data of'its size changed image. The horizontal interpolation factors hw1, hw?2, and hw3 are
timed with a clock signal of which the frequency is two times greater than the pixel clock
signal of the input image signal SI. Also produced by the horizontal interpolation factor
generator 3 is a horizontal pixel enable signal indicative of effective ones of the pixel data
from the horizontal interpolator 2 to be received by the vertical interpolator 5 and a write-
in controller 9. Using the vertical size change rate received from the vertical magnification
storage 7 and the syn signal timed with the input image signal S, the vertical interpolator
factor generator 6 produces three vertical interpolation factors vwl, vw2, and vw3, each
having a ratio between a vertical component of the visual area determined by image data of

an original image and a vertical component of the visual area determined by image data of

its size changed image. The vertical interpolation factors vwi, vw2, and vw3 are timed



factor generator 6 produces three vertical interpolation factors vw, vw2,
and vw3, each having a ratio between a vertical conponent of the visual
area determ ned by image data of an original inmage and a verti cal
conponent of the visual area determ neg by inmage data of its size changed
i mage. The verti cal interpol ation factors vw, vw2, and vw3 are tined 4
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accordance with one enbodi nent of the present invention. [0015] FIG 2
illustrates a bl ock diagram of the adaptive spline interpolation kernel in

accordance with one enbodi grmtfp%%mléﬁ? PLESE raw‘y%ntr on. [0016] FIG 3

illustrates the spline interpola using our pport pixels. [0017] FIG

4 illustrates the interpolation curves with different sharpness control
par anet gootspl ues. FreRE8H dohaddmbihtk Ugbsraingstot iR plek&i Nala@kioNwlLURYRSH t h
di fferent overshoot control parameter values. [0019] FIG 6 illustrates a

bl ock di%geriadopith Hefeamaptip e dpgyra innwbichdiket Tebendsr manerals pdegetsoliance
wi th onggltgLnative enbodi ment of the present invention.

[0014] FIG 1 illustrates a block diagram of a digital video rescaling system in
accordance with one embodiment of the present invention.

[0015] FIG 2 illustrates a block diagram of the adaptive spline interpolation kernel
in accordance with one embodiment of the present invention.

{0016] FIG 3 illustrates the spline interpolation using four support pixels.

[0017] FIG 4 illustrates the interpolation curves with different sharpness control
parameter values.

[0018] FIG 5 illustrates the interpolation curves with different overshoot control

parameter values.

f0019] FIG 6 illustrates a block diagram of the adaptive spline interpolation kernel
in accordance with one alternative embodiment of the present invention.

[0020] FIG 7 illustrates neighbourhood pixels for local gradient estimation.

[0021] FIG 8 illustrates the graphical relationship between the local sharpness

control parameter and local gradient values.
[0022] FIG 9 illustrates a block diagram of the anti-aliasing filter in accordance

with one embodiment of the present invention.



[0020] FIG 7 illustrates nei ghbourhood pixels for |ocal gradient

estimation. [0021] FIG 8 illustrates the graphical relationship between the
| ocal sharpness control paraneter and | ocal gradient values. [0022] FIG 9
illustrates a block diagramof the anti-aliasing filter in accordance wth
one enbodi nent of the present invention. 5 [0023] FIG 10 illustrates the
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enbodi ments of the invention. [0026] The present invention provides an
effective process of video imge resealing. This process uses a
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ranging fromrelatively sharp at one end to relatively soft at the other
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sharpness to softness. Furtheérnore, the system conprises an over shoot
control lewelstof shabnesy and cxdisheet dahebd athel selofted bernshootsingnasetséfoamtref f ect s

along the edges in, the interpol ated i mages. In ition, a set of
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reseal i 2&& system 100 conprises an adaptive spline interpolation kernel
101, a shiapipgessfagsntrol nodul e 102, an overshoot control nodule 103, a
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to the idupubllanmdeluhterpolation kernel. The system comprises a global and local sharpness
control functionality to generate the interpolated images with the visual qualities ranging
from relative sharpness to softness. Furthermore, the system comprises an overshoot
control functionality to adjust the levels of overshoot/undershoot effects along the edges in
the interpolated images. In addition, a set of anti-aliasing low pass filters are designed and
conducted according to a certain range of downscaling factors.
[0028] Now referring to FIG 1, the rescaling system 100 comprises an adaptive
spline interpolation kernel 101, a sharpness control module 102, an overshoot control
module 103, a local sharpness control module 109, an anti-aliasing filter 106, and an input
module 108. The adaptive spline interpolation kernel 101 is coupled to the input module
108 to receive input image data and generate interpolated pixels. The sharpness control
module 102 and overshoot control module 103 are configured to generate control
parameters for the adaptive spline interpolation kernel 101 to improve the sharpness, and
reduce overshoot/undershoot artifacts in edge areas of the image. The local sharpness
control module 109 is provided to make the sharpness control module 102 adaptive to the
local image content. In addition, the anti-aliasing filter 106 is coupled between the input

module 108 and the adaptive spline interpolation kernel 101, wherein the anti-aliasing



108 to receive input inmage data and generate interpol ated pixels. The
sharpness control nodule 102 and overshoot control nodule 103 are
configured to generate control paraneters for the adaptive spline
interpolation kernel 101 to inprove thg sharpness, and reduce

over shoot/undershoot artifacts in edge areas of the inmage. The | ocal
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yc. and yn are four support pixels frominput inage data; s 1is the
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yQ as shown in FIG 3; andch, (s, Kshp) (n=A B,CD) are four control synthesis
functions which can be expressed by the foll ow ng equations (2)-(5):
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f (s, Kshp) = Kshp* (~s* +2%s* —5)/2
S, Kshp)y= (3% Kshp*s® —5% Kshp*s* + 2% (Kshp—1D)*s+2)/2

[0032]
o5, Kshp) = (=3* Kshp*s® + 4% Kshp*s® +(2 - Kshp)*s)/2
S (s,Kshp) = Kshp*(s® —5°)/2
[0033] Kshp is the global sharpness control parameter generated from the

sharpness control module 102, wherein Kshp is used to adjust the sharpness of the rescaled
image. Kshp has a predetermined range of negative to positive values to control the visual
quality of the rescaled images from soft to sharp, wherein a negative Kshp produces a
softer rescaled image and a positive Kshp produces a sharper rescaled image. FIG 4
illustrates some examples of the interpolation curves driven by different values of the
global sharpness control parameter Kshap, wherein the values of Kshp are set at 0.0, 1.0 and
5.0. A larger Kshp value (e.g. Kshp = 5.0) produces a steeper interpolation curve as
compared to a smaller Kshp value (e.g. Kshp = 1.0}, and the steeper interpolation curve
gives a sharper rescaled image. Therefore, the setting of Kshp value can effectively
control the sharpness of the interpolation curve. The value of Kshp can be determined by

the user of the system or by the micro-controller (not shown) in the system.



i mage. Kshp has a predeterm ned range of negative to positive values to
control the visual quality of the resealed images fromsoft to sharp,
wherein a negative Kshp produces a softer resealed i mage and a positive
Kshp produces a sharper resealed inmagey FIG 4 illustrates sone exanples of
the interpolation curves driven by different values of the gl obal
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»(x)) is added to y,(x) to generate the final output y(x) with sharpness and overshoot
control according to the following equation (7):

[0038] (x}=Kops * (0,(x0) = 2, ()} + y,(x) (7
[0039] FIG 5 1llustrates some examples of the interpolation curves having the same
Kshp = 5.0 but driven by different values of Kovs, wherein the values of Kovs are set at
0.01, 0.5 and 1.0. A smaller Kovs value (e.g. Kovs = 0.01) creates a larger reduction of the
overshoot 401 and undershoot 402 effects. Therefore, the setting of Kovs value can
effectively control the overshoot and undershoot of the interpolation curve, thereby
allowing the rescaling system 100 to produce a more natural-looking image.

[0040] An alternative embodiment of the adaptive spline interpolation kernel with
sharpness control 201 is shown is FIG 6, wherein the adaptive spline interpolation kernel
with sharpness control 201 comprises a kernel look up table (KernelLUT) 601, a spline
interpolation module 602, and a linear interpolation module 603. The adaptive spline
interpolation kemel with sharpness control 201 uses the KemelLUT 601 to reduce the

complexity of the interpolation process. KernelLUT 601 is a look up table which stores



[0039] FIG5 illustrates sone exanples of the interpol ation curves having
the same Kshp = 5.0 but driven by different val ues of Kovs, wherein the
val ues of Kovs are set at 0.01, 0.5 and 1.0. A smaller Kovs value (e.g.
Kovs = 0.01) creates a larger reductiog of the overshoot 401 and
undershoot 402 effects. Therefore, the setting of Kovs val ue can
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spline interpolation kernel with sharpness control 201 is shown is FIG 6,
wherei n the adapti Ve(sypl(i-ner3ht’erpolati on kernel with sharpness control

201 conprises a ker ook up, b (Kernel LUT) 601, a spline
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y.(x)). The multiplier 604 multiplies the output (y,(x)- y, (x)) by the sharpness control
parameter Kshp to produce the output Kshp *(y (x)-y,(x)). Thereafter, Kshp *(y (x)-
¥,(xy) is added to y, (x) to generate the final output y,(x) with sharpness control according

to the following equation (14):

[0047] ()= Ky, * (0, (0) = y,(x)+y,(x) (14)
[0048] Referring back to FIG. 1, the rescaling system 100 comprises a local
sharpness control module 109 to make the sharpness control module 102 adaptive to the
local image content. Generally, the sharpness control is applied according to the local
gradient magnitude (Gn) and the noise level (Sigma) estimated from the digital picture or
video sequence. The local sharpness control module 109 comprises a local gradient
estimation module 104, a noise level estimator module 107, and a local sharpness control
parameter function module 105.

[0049] The local gradient estimation module 104 is coupled to the input module
108 to estimate the local gradient magnitude Gn based on a 3x3 neighbourhood window
(shown in FIG 7) from the input image data. The local gradient estimation module 104

calculates the local gradient magnitude Gn according to the following equation (15):



y, (x)) is added to y, (x) to generate the final output y,(x) wth
sharpness control according to the follow ng equation (14): [0047] yi (Xx)
= KsnP * (Y (x) -Y, (x)) +4Y, (x) (14) [0048] Referring back to FIG 1,
the resealing system 100 conprises a |lgcal sharpness control nodule 109 to
make the sharpness control nodul e 102 adaptive to the |ocal imge content.
Gbnerall%om}he sharpness control is applied according to the I(ﬁg)m

gr adi ent naénitude (G1) and the noise level (Signa) estimted f t he
digital picture or video sequence. The local sharpness control nodule 109
conprises a |local gradient estimation nodule 104, a noise |level estimator
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the following equation (16):

[0053] Kshp(Gn) = AKshp(Gn)+GKshp (16)

[0054] GKshp is a fixed value that is defined by the global sharpness control

parameter Kshp. AKshp(Gn) is a variable value that is defined by the control parameters

maxK, minK, KI, K2, K3 and Sigma. The AKshp(Gn) can be expressed by a transfer

function according to the following equation (17):

[minK[*G, |
e DK (G, < Sigma)
Sigma
maxK *(G, ~Si
(O, ~igmd - Sigma< G, <K1)

[0055] AKshi(G,) = K1-Sigma (17)

maxk if(Kl<G, <K2)

axK*(K3-G
maxK*(K3-G)  ka<G <k3)
K3-K2

0 else

[0056] When the local gradient magnitude value (Gn) is lower than the noise level

Sigma, the pixels are considered as being corrupted by noise. In this case, the sharpness

control value will be lower than GKshp and decreases linearly to a minimum value



function Kshp(Gn), wherein the transfer function Kshp(Gi) can be defined
according to the followi ng equation (16): [0053] Kshp(Gr) =

AKshp(Gn) +GKshp (16) [0054] GKshp is a fixed value that is defined by the
gl obal sharpness control parameter Kgipp. AKshp(Gnh) is a variable val ue
that is defined by the control paraneters maxK, mnK, K1, K2, K3 and
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as shown
anti- allasmg hlte: 106 to reduce any aliasing artifacts during image downscaling. In

particular, the input image data 108 is coupled to the anti-aliasing filter 106 via a switch
device 111. The switch device 111 is configured to select or bypass the anti-aliasing filter
106 depending on the rescaling factor. Supposed the rescaling factor is more than 1, the
switch device 111 would bypass the anti-aliasing filter 106. If the rescaling factor is less
than 1, the switch device 111 would select the anti-aliasing filter 106. Then, the anti-
aliasing filter 106 processes the input image data and sends a filtered image data to the
adaptive spline interpolation kernel 101,

[0058] The anti-aliasing filter 106 comprises a plurality of 1D low pass filters that
are activated according to a predetermined range of downscaling factors. FIG 9 illustrates
a block diagram of the anti-aliasing filter 106, which comprises a low pass filtering module
901 and a low pass filter bank 902. During downscaling, one set of filter coefficients,
h(m), is selected from the low pass filter bank 902 according to the downscaling factor.
The selected set of filter coefficients are then applied on the input image data in the low
pass filtering 901 to produce the filtered image data to the adaptive spline interpolation
kernel 101 according to the following equation (18):

w2

[0059] y(n)= > h(i)*Yin(i) (18)

Jeppep /2

[0060] where m is the length of the filter,



805. [0057] Referring back to FIG 1, the resealing system 100 further
conprises the anti-aliasing filter 106 to reduce any aliasing artifacts
during i mage downscaling. In particular, the input inmage data 108 is
coupled to the anti-aliasing filter 106 via a switch device 111. The
switch device 111 is configured to select or bypass the anti-aliasing
filter dependi e S i r. upposed the e in
factor i iﬂg ﬁgre thazﬂg,l&t? tél& %@me%tc%%{-ﬂ(fé%}t{:gt%&eﬁlmfggI?%N Q?%Saégert%gﬁ%lz al
anti - al i designgdfuisitgefinit®Gmpilke tdsponses@dR) Mitef dedign mchddeBssed tdhandjlstaloe
switch dﬁyi ce 111 woul d sel egtic the anti-aliasing filter 106. Then, the
anti- al F4&MAg Yindew, hise cpirlc dsquncioneuicdpit hrdlisr disignafeprcsdnes the
filteredgd A ' i ey ' el
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[ 0059] y(E): Xh(i)*Yi n%i) (18) 2 [0060%!_ where Inis the |ength of the
filter. ager qapasiments of theprpsasinyprtas, whish diffesifeam shesdesprihed; ambadémenisy pass
filter b i IOk L mpul se response (FIR) filter
desi gn bn%?ﬁgg%ggggo%%%ggﬁ%gggogglﬁg@gpéllropr#ﬁr}gm\%ﬁ ndow. The cutoff frequencies
used in the filter design depend on the downscaling factors. Therefore,

di fferent downscaling factors corresponding to different |ow pass filters.
I n one enbodi nent, eight filters are operated according to eight pre-

di vi ded ranges of downscaling factors. FIG 10 shows an exanpl e of eight
sets of 7-tap low pass filter coefficients that are stored in the | ow pass
filter bank 901. Furthernore, the



effective range of the downscaling factors is 0.20 to 0.99. [0062] Wile
this detail ed description has set forth sonme enbodi nents of the present

i nvention, the appended clains are sufficiently supported to cover and wll
cover other enbodinents of the presenty i nvention which differ fromthe
descri bed enbodi rents according to various nodifications and inprovenents.
12 CLAIMS Wiat is clained is: 1. Adigital video resealing system
conprising: an input nodule configured to receive an input inage data; an
adaptive spline interpol ation kernetCrgamsg ed to the i nput nodul e, wherein
the adaptive spline interpolation kernel is configured to generate an

i nterpol ated pi xel based on the input inage data; a sharpness control
modul e CQHH{%Qmﬁ@e&n@ adaptive spline interpolation kernel, wherein the
shar pness control nodule is configured to generate sharpness control
paranmeters to control the adaptive spline interpolation kernel; and an

overshoot control. ule cqupled to the adaptive spline interpolation
ker nel , {'V\her‘éidﬁg‘faﬂg‘ 69 &8 B%tsyé%ﬁ‘tqoa}prﬁﬁ’@ul e is configured to generate

over shoot con{d @but RELAERTRrddo tQR VN ih iﬁggep&zité’;_e spline interpolation
kernel. 2. The digital video resealing systemof claim1l, wherein the

adapti ve spl i#readaptive splidtcainiapolkigembémelscaphkl tguthe dnid ny@hide, atteren the
i nterpol i xel .yi(x). based on t cal cul atjon .according. tg th
Fol 1 owi rigEaoia! B~y oeleyo R REFRe it ilsri ARl ted gt bayelonng v

are fourthsupgperhageidsels frominput inmage data, wherein s is the distance
frominterpolatjon position to the position of the support pixel yf3,
wher ei n Kshp 4 shapgspisantrehamegueseuplsdt oothe pappting splingeintsepal gibnbierndie

shar pnesg;, gont gl t e ein f" h n=A B.C. D) _are four
control syntlﬁeg}%s SI?%E@%&% o%osn mﬁidgﬁﬂlgdg Oé]@%r%eg&s é%n%r@et ﬁ%’“? o(fsgo%nha
equat i onsararhéés tkshmot Kehpddptise spifeddterymldtdnfkernel; and
(s, Kshp) :(S*Kshg*Sﬁ-S*Kshp*s% *(Kshp-1)*s+2)/ 2 | o )
an overshoot control module coupled to the adaptive spline interpolation kernel,
wherein the overshoot control module is configured to generate overshoot control

parameters to control the adaptive spline interpolation kernel.

2. The digital video rescaling system of claim 1, wherein the adaptive spline
interpolation kernel is configured to generate an interpolated pixel y;(x) based on the

calculation according to the following equation:

w(x) = Dy, *f.(s,Kshp)

n=A4.8.C,D
wherein y,, y,, yo and y, are four support pixels from input image data,

wherein s is the distance from interpolation position to the position of the support pixel y,,,
wherein Kshp is a global sharpness control parameter generated by the sharpness control
module, and wherein f, (s, Kshp) (n=4,B,C,D) are four control synthesis functions which
can be expressed by the following equations:

(5, Kshp) = Kshp *(=s* +2%s% ~5)/2

(s, Kshp) =(3* Kshp*s® — 5% Kshp*s* + 2% (Kshp -1 *s+2)/2

o (s, Kshp) =(=3% Kshp*s® +4* Kshp* s* +(2 — Kshp)*5)/2

(5, Kshp) = Kshp*(s® ~5%)/2



f. (s, Kshp) =(-3*Kshp*s3+4*Kshp*s2+(2-Kshp)*s)/2 f"(s, Kshp)=Kshp*(s3-s2)/2
13 3. The digital video resealing systemof claim2, wherein the overshoot
control nodule conprises: a max-mn calculation unit configured to receive
the data of pixels YB and yc, and conf3igured to cal cul ate the nmaxi num

val ue and the mni num val ue of the support pixels yB and yc; a conparator
coupled to the max-mn cal cul ation unit and adaptive spline interpolation
kernel, wherein the conparator is configured to conpare the maxi mum val ue
and the B ni niime vaditab vodeot hacaingpostenpiofellsiny €, artdrane thv tovetsheoti edneopol at ed
pi xel &9@ enerate an output y, (x) according the foll ow ng equation
(max(yit 1)1100@ rl‘?")?) > max(Ya, Ye)) Y, (x)=Jmin(Y3,Yc) if(Y,

(x) <m n(yp, Yc) ax%1 cu?eltx%ﬁ u"f]utscldﬁﬁélﬁ"&li % {;0%8%) lgd E&Q 0}" &xgign% atnﬁgkco ﬁ? huts vy

cal cul ati on uni ators ure

(x) and yonfig¥ied, totch%ﬁﬁbé’ tlﬁ@ﬂz@ﬁ@hinn@ﬂ@é‘dlﬁﬂﬂl@%m{rﬂum (v@ue of)fhé Sipportaigk] &
multiplier coupled to the subtractor, wherein the multiplier i's conflgured

to nul typind the output (y, (x) - Y2 (x)) by an overshoot control paraneter
Kovs to generate an output Kovs *( x) ); and whereby the final
out put y(x) = Kpgwaraten counled tyzth@) H)anmylz(cstl)cuhagOiba@etd apth adgetivaddling on

of ya( x) ( Y T r stem

of "ol a1 T et bl Eplarafhe B SR TLo Kb EMI S rﬁ%ﬁﬁdn?%a@%apt

t he sharpideks nigRtunohalredatie sh@adrh@xhl@%'anﬂ it @R tigetpolited fikel J, i mage
data, wherein the | ocal sharpness control nbdul e conprises: a Ioca

gr adi entgeastalavat ¢usputnadol wceding teafllowiheequation: nodul e, wherein the | ocal
gradient estimation nodule is configured to generate a |ocal gradient
magni t ude based onrn%‘ﬁe geaplty ragex@atra)) a noi se | evel estimator coupl ed

to the input pmd eninieher i 5t he<noisge vl pvel
Iy,(x) else

a subtractor coupled to the max-min calculation unit and the comparator,

configured to subtract the outputs y,(x) and y,(x), thereby generating an output (y,(x) -
y,(x)); and

a multiplier coupled to the subtractor, wherein the multiplier is configured to
multiply the output { y,(x) - »,(x)} by an overshoot control parameter Kovs to generate an
output Kovs *( y,(x) - y,(x)); and

whereby the final output y(x) = Kvos * ( yi(x) — ya(x) ) + ys(x) is based on the
addition of y»(x) to Kvos * ( y,(x) — y2(x) ).

4. The digital video rescaling system of claim 1 further comprising a local sharpness
control module to adapt the sharpness control module to the local image content of the
input image data, wherein the local sharpness control module comprises:

a local gradient estimation module coupled to the input module, wherein the local
gradient estimation module is configured to generate a local gradient magnitude based on
the input image data;

a noise level estimator coupled to the input module, wherein the noise level

estimator is configured to generate a noise level based on the input image data; and



estimator is configured to generate a noise |level based on the input inmage
data; and 14 a |ocal sharpness control paraneter function nodul e
configured to control the sharpness control nodul e using a transfer
function based on the local gradient mggnitude and the noise level. 5. The
digital video resealing systemof claim4, wherein the transfer function of
the 1 ocal shar control r amet unction dul e can be expressed as:
Kshp(Gn) = ill%(ag‘?ﬁ@r‘@&sﬁpfo P@ﬁaﬁle%kst{‘? ctian giodlgaepniighird opggntio L et i ned
by a gl ofnatp n%é‘s%dhﬂ@‘p‘ f10d0RMsAlg a ﬁa{sm@étldﬁsm@d &m{b%&%])gm(ﬁelﬁ Iﬂ&%rnltadw e

val ue that |s defined by the control paranmeters nmaxK, m nK K2, K3 and
Si gma, viiehthe poigk igiel- i s the noise level, wherein Gnis the Iocal gr adi ent
magni t ude, and wherein AKshp(Gh) can be expressed by a transfer function
according to the following equation: mnK I *G" +mnK if(G <-Sigm)

Si gma maXxK* ( @he Giglaa)idéd feStagin s¢tem ofllgim AKeerén ThddranStg andion®fthe

i f(K1<G , % maxK*(K3-G') if(K2<G' SK3) K3-K2 0 else 6. The digital

vi deo r &SeAs ?’fﬁ“"s9§§?‘étﬁqld’@3@}°&ifrf?4°tlpﬂtn%‘ﬁ!é‘}e @ohsraxsieatydas anti - al i asi ng
filter coupl dul e and the adaptive spline
interpolatioﬁgﬁgféwfegiaﬂg éﬂﬁét anti-aliasing filter conprises a set of

| ow pass fil t\elms’emh@f(sbp és eofitédgutleel tha isrtmﬁmeé Bl b adobag sharphésacdostrdur i ng

i mge downsc 7 |taI seal stemof claim®6 further
corrgr i Si Wrg%gtvﬁg% % {]Q(gin s a varia lle va ue at ?s (!le%%ec? ¥)y the controf parameters
maxK, minK, K1, K2, K3 and Sigma, wherein Sigma is the noise level, wherein Gn is the
local gradient magnitude, and
wherein 4Kshp(Gn) can be expressed by a transfer function according to the

following equation:

ink |*G
[in&I%6, | ink if(G, < Sigma)
Sigma

max K *(G, —Sigma)

if (Sigma< G, <Kl)

AKShp(Gu ) = K1 —Sz'gma
max K if(Kl1<G, <K2)
K*K3-G
maxR 3G k2 <6 <k3)
K3-K2
0 else
0. The digital video rescaling system of claim 1 further comprising an anti-aliasing

filter coupled between the input module and the adaptive spline interpolation kernel,
wherein the anti-aliasing filter comprises a set of low pass filters that are configured to

reduce aliasing artifacts during image downscaling.

7. The digital video rescaling system of claim 6 further comprising a switch device
coupled between the input module and the anti-aliasing filter, wherein the switch device is
configured to activate the anti-aliasing filter during downscaling, and wherein the switch

device is configured to deactivate the anti-aliasing filter during upscaling.

8. A method of rescaling video images including:

receiving data corresponding to an input image;



coupl ed between the input nodule and the anti-aliasing filter, wherein the
swtch device is configured to activate the anti-aliasing filter during
downscal i ng, and wherein the switch device is configured to deactivate the
anti-aliasing filter during upscaling.qs8. A nethod of resealing video

i mges including: receiving data corresponding to an input inmge; 15

cal cul ating intenpal ated pi xel .val ues hased on, the input inage data by

usi ng an adaﬁatlla%}ge)tmsgp]nl%%g&ﬁﬁﬁéyﬁe IvfflfeS 4R ﬂlér%]f‘e GB’HEFEW%G% Ar piss &n
control pduparetging iherpelitionerdele adaptive interpol ation kernel by using a
sharpness control nodul e; and generating overshoot control paraneter to
control the a8HStatitg shipaess sPaEslgaracsteralo canyrol Siermgaptivediernsition keord r ol

nodul e. f, ho i . erein the adaptive spline interpolation
By us;(:ﬂg%? Ok {iﬁgcgs ) ?ﬂo@u&é M

kernel is I gu to generaté an interpolated pixel yi(x) based on the
cal cul ati on agaeraiinggvtiskootfhirelvpargnaeumtdontol thi @ ptivelintépoldivhkerdsshp)

,» =A, 13, C, D.wherei n yA , Y%ﬁ , yc and YO are four support pixels frominput
i mage daPAYSINGHLPYHI0S! Pantiol gioghlet ance from i nterpol ation position to the
position of the support pixel yl3, wherein Kshp is a gl obal sharpness
control paraneter generated by the sharpness control nodule, and wherein
f,(s,Ks hg) ( nEHig Brah®) odr daiol, ebareinothes yidptissi splihanotdrpristioshiketnel dan be
expressed - f,A(s, Ksh =. Kshp*(-s' +2* -s),12 i )

fs(s, Ks h%%“i;%%ﬁﬁ&stﬁ &@gef??%%@“s@i@ SR @fb@ﬁé)wwefcakcgl,ak% greqrdisg il p* s 3
+4* Kshp* ®dsvirg&apids) /2 f (s, Kshp) =Kshp * (s' - s2 )12 10. The nethod of
claim9, wherein the operation of generating overshoot control paraneter
to control th@;(aﬁaptzv,e,’ﬁjﬁtseKmlqj)ati on kernel conprises: calculating the
maxi nrum val ue and t#ecm ni nrum val ue of the support pixels YB and yC

wherein y,, v,, y. and y, are four support pixels from input image data,

wherein s is the distance from interpolation position to the position of the support pixel Vi
wherein Kshp is a global sharpness control parameter generated by the sharpness control
module, and wherein f, (s, Kshp) (n=A4,B,C,D) are four control synthesis functions which
can be expressed by:

Fi(s, Kshp)y = Kshp*(—s® +2%s° —5)/2

S5(s, Kshp) = (3% Kshp*s® = 5% Kshp* s* + 2% (Kshp -1 *s+2)/2

Sels,Kshp) =(-3*Kshp*s’ +4* Kshp*s* + (2~ Kshp) *s)/2

Jo(s,Kshp) = Kshp*(s® —s7}/2

10.  The method of claim 9, wherein the operation of generating overshoot control

parameter to control the adaptive interpolation kernel comprises:

calculating the maximum value and the minimum value of the support pixels yp
and y¢;

comparing maximum value and the minimum value of the support pixels yz and y¢
with the interpolated pixel yi(x) to generate an output y,(x) according to the following
equation:

max(ys’y(j) If(yi(x)> max(y,,,,yc-))
yo(¥) =qmin(y,, ye ) iy (x) <min(y,, yo))
¥ (x) else



conmparing maxi mrum val ue and the m ni num val ue of the support pixels y8 and
yC wth the interpolated pixel yl(x) to generate an output vy, (x) according
to the following equation: max(y,,,yc) if(YL(x) > max(y,i,Yc)) VY,(x) =
mn(yB, Yc) If(yl(x) < mn(YB,Yc)) vylqg) else 16 subtracting the outputs
y, (x) and y, (x) to generate an output (y, (x) - vy, (x) multiplying the

SRRV : hoqt tral ter K t
generat e an. ot ing bl BT 0 PR 40 BRATES g OH1 e
out put y(x) = m‘iftﬁal?i% thd Btpat 0, 0 X)) (55 2y BYCr@Rt BShol phiblndi bR, out put

Kovs *(y, (x) - vy, (X met hod "of "cl aim 8 further conpri sing:
gener at i peneaatt ac altpgr Asliseity, (magpj(kydendased on the input inmage data;
generating a noise |evel based on the input inmage data; and controlling the
shar pness congensratimgdhe Endyousitwge)a Knvarfépér) £ usie)i “on(hagedddingthen ocal
gradi ent magni tude and the noise level. 12. The nethod of claim 11, wherein
t he trangfeutfugfors 8, Gan 1be) Bxpressed as: Kshp(Gn) = AKshp(Gn) +GKshp,
wherein GKshp is a fixed value that is defined by a gl obal sharpness
control paraneter Kshp, AKshp(Gn) is a variable value that is defined by

the contfpl p@ﬁ@%&%%fﬁ‘q@'éifg@ﬁgmﬁ%sm 2, K3 and Sigma, wherein Signa is

the noise | evel, wherel ocalP" gradi ent nmagni tude, and wherein
AKshp(Gn) cangdrerainpréssiddradienamapainsfedasddwncthe oput inmgeldata; * G, +minK i f

. ; ; * - S i i <G' <-K1 AKsh G =
KI( -G’S| g<rrESI grmz;enersalti%g% ngﬁs)é%e\ﬁegbésed %h nc?i)npll:tfi Salgg Hgta;%nd ) >

controlling the sharpness control module by using a transfer function based on the

local gradient magnitude and the noise level.

12. The method of claim 11, wherein the transfer function can be expressed as:
Kshp(Gn) = AKshp(Gn)+GKshp ,
wherein GKshp is a fixed value that is defined by a global sharpness control
parameter Kshp, AKshp(Gn) is a variable value that is defined by the control parameters
maxK, minK, KI, K2, K3 and Sigma, wherein Sigma is the noise level, wherein Gn is the
local gradient magnitude, and

wherein AKshp(Gn) can be expressed by a transfer function:

ink|*G
(minKT%G, | ink (G, <Sigma)
Sigma

maxK*(G, —Sigma

if (Sigma< G, <Kl)

AKshi(G,) = Ki-Sigma
maxX JKl<G, <K2)
K¥(K3—-G
max K *( ) if(K2<G, £K3)
K3-K2
0 else

13, The method of claim & further comprising:

selecting a set of filter coefficients from a low pass filter bank according to a
downscaling factor; and

applying the set of filter coefficients on the input image data to reduce anti-aliasing

effects during downscaling.



maxK i f (Kl <G, <K2) maxK*(K3-G) if(K2<G' SK3) K3-K2 0 else 13. The

nmet hod of claim8 further conprising: selecting a set of filter
coefficients froma | ow pass filter bank according to a downscaling
factor; and applying the set of filteryscoefficients on the input inage data
to reduce anti-aliasing effects during dowscaling. 17 14. A chip
conprising a conputer executable nmedi um enbedded t herein conputer
execut abl e instructions for resealing video i nages, wherein the

i nstructions conprises: receiving data corresponding to an input inage;

cal cul ati4g i At etipabaipeling X ebmpaleti@geddabid nfedivnh @nibepddd ihRAE cdabateby
using an adaptive spline interpolation kernel; generating sharpness
control PHY°Y é'ﬂ%rupgoré’gofﬁf Fespaling ideq AMagsre WheReBY the InstelipiR éPMeriseshy usi ng a
shar pness contrao nd ﬁfneratin .overshoot control paraneter to

_ I.ngp le, a [
control the aF5pYi™ a%ﬁﬁ&ﬁ%ﬂ@& 23R AR EMEIMASSy using an over shoot contro

modul e. 15. Thgotfing @ferpbiaiepldol WNRE Hafbdt hie dadapli ¥BagPldn®yi (M:fY RO! ati on
yi

kernel is configyre to generate an interpolated pixel (x) “based on the

cal cul at #ptiscdingimepoldiondemeli ng equation: Y1 (x) y, * f (s, Kshp)

e dat a,  vievsntshacgndth somtpafld iR DY URRE sl kel o

posi ti onbywiisitihesisupiees toriok @lodMle; and Wherein Kshp is a gl obal sharpness
control paraneter generated by the sharpness control nodule, and wherein
f (s, Kshp) (nEsAcHting pyetsheoticapiol emmas toyeanhielihs adaniveinamolaipaferiehn be

eXpress el?&/ th)sYtig an overshoot control module.

15. The chip of claim 14, wherein the adaptive spline interpolation kernel is configured
to generate an interpolated pixel y;(x) based on the calculation according the following

equation:

y(x)= Dy, * 1 (s,Kshp)

w=A8,C.0D

wherein y,, y,, vy, and y, are four support pixels from input image data,

wherein s is the distance from interpolation position to the position of the support pixel y,,
wherein Kshp is a global sharpness control parameter generated by the sharpness control
module, and wherein f, (s, Kshp) (n=4,B,C,D} are four control synthesis functions which
can be expressed by:

J (5, Kshp) = Kshp* (- +2%s* ~5)/2

So(s, Kshpy = (3% Kshp*s® —5% Kshp*s* + 2*(Kshp ~1)*s+2)/2

So(s,Kshp) = (=3* Kshp*s® + 4% Kshp*5* + (2 — Kshp)*5)/2

Jp(s,Kshp) = Kshp*(s® —s)/2

16.  The chip of claim 15, wherein the operation of generating overshoot control

parameter to control the adaptive interpolation kernel comprises:

calculating the maximum value and the minimum value of the support pixels yp

and y¢;



fA(s, Kshp) = Kshp * (-s3 + 2 * s' -s5)12

fs(s, Kshp) =(3*Kshp*s' - 5*Kshp*s2+2* (Kshp- 1) *s+2)/ 2

f. (s, Kshp)=(-3*Kshp*s3+4*Kshp*s2+(2-Kshp)*s)/2 fo(s, Kshp)=Kshp*(s'-s2)/2
16. The chip of claim15, wherein the qgperation of generating overshoot
control paraneter to control the adaptive interpolation kernel conprises:
cal cul ating the nmaxi num.val ue.and the m.ni num.val of the.s ort,pixels
v Cand yoo 165 RBS Rk A UEF ol R THEC hl e Stmrcr SRR e B

support Riikehs iyRrpalted/ Fix\é! ]gx)]E tgle%én@fa% BR!RbRE y?{]ﬁ%h%%(f%iﬁlé)to ttg?e I@@?&;ll?ée an

out put vy, (x) according to t OW ng equatio v, Yc ) >
max(y, ,, ¥@jajionY2 (x) = mn(yYc) if(Y,(x) <mn(Y,,Yc)) Y, (x) else
subtracting the outputs y, (x) and y, (x) to generate an output (y, (x) -
y,(x)): multiplyi ig@hercut/Butx)eynakid). k)Y, (x)) by an overshoot control

paraneter Kovg,@p=<mgedgnal e an (gutninly, Kays *(y, (x) - vy, (x)); and _
generating the final Qutput yfx)= Kovs *(y, (Xx) -y, (X)) +y2(x) by adding
y, (x) to the out d{ Kovs *(y, (x) - vy, (x) ). 17. The chip of claim 14,

wherei n the i asbb@ld @BSulUist NEY aﬁeggg)&sgénerﬂea%aﬁphﬂ@h@c_)ng ))gr adi ent
a,

magni t ude based on the input i mage generating a noiséelevel based on

the input i mageltidgiag tlencutpanty @ Fing) ) e ahavqsiess ceanl HatansedWa@shy usi ng
a transfer function based on the |ocal gradient nagnitude and the noise

| evel . 18cncfieapitpuigfons*ayi6)17y,(whetsi n t he transfer function can be
expressed as: Ksh = AKshp( Gn) +GKshp, wherein GKshp is a fixed val ue
that is defi n%ﬂ“efﬁ}lgéc%) tmo%wgﬂa@e%ﬁw— J’qﬁé)r)a“Lrﬁé{)@rbyKéiﬁ‘%PgAK@’&nﬁ‘{ G) is
a variable value that is defined by the control paraneters maxK, mnK, K],
K2, K3 attgoginyhacvswHer@ nySiyha i s the noise level, wherein On is the

17. The chip of claim 14, wherein the instructions further comprises:
generating a local gradient magnitude based on the input image data;
generating a noise level based on the input image data; and
controlling the sharpness control module by using a transfer function based on the

local gradient magnitude and the noise level.

18.  The chip of claim 17, wherein the transfer function can be expressed as:

Kshp(Gn) = AKshp(Gn)+GKshp ,

wherein GKshp is a fixed value that is defined by a global sharpness control
parameter Kshp, AKshp(Gn) is a variable value that is defined by the control parameters
maxK, minK, K1, K2, K3 and Sigma, wherein Sigma is the noise level, wherein Gn is the
local gradient magnitude, and

wherein AKshp(Gn) can be expressed by a transfer function:

ink |*G
[minK 170, | mink (G, <Sigma
Sigma
K*(G, —Si
maxK*(G, =SEm - Sioma< G, < K1)
AKshi(G. )= K1-Sigma
maxX if(Kl1<(G, <£K2)
K*(K3-G
maxK* K326 ko< <k
K3-K2
0 else




| ocal gradient magni tude, and wherein AKshp(Gnh) can be expressed by a
transfer function: | mnK (*G" +mK if(G' <-Sigma) Sigm maxK*(G'

-Sigma) if(Sigm<G <--Kl1) AKsh G = Kt-Sigm maxK if (K <G K2) nmaxK*(K3-G
) K3-K2 0 else 19 19. The chip of cliy@ m 14, wherein the instructions
further conprises: selecting a set of filter coefficients froma | ow pass
filter bank according to a downscaling factor; and applying the set of
filter coefficients on the input inmage data to reduce anti-aliasing

ef fects thuri nghdaupstabinng4, wherein the instructions further comprises:

selecting a set of filter coefficients from a low pass filter bank according to a

downscaling factor; and

applying the set of filter coefficients on the input image data to reduce anti-aliasing

effects during downscaling.



