USOORE47238E

(19) United States

(12) Reissued Patent (10) Patent Number:

US RE47,238 E

Hong et al. 45) Date of Reissued Patent: *Feb. 12, 2019
(54) FILTERING CONTROL METHOD FOR (51) Int. CI.
IMPROVING IMAGE QUALITY OF gggITf ;’jjg %882'8?
BI-LINEAR INTERPOLATED IMAGE (2006.01)
(Continued)
o (52) U.S. CL
(71)  Applicant L&ELECTRONICS INC., Seoul CPC oo GO6T 3/4007 (2013.01); GO6T 5/003
(KR) (2013.01); GO6T 5/20 (2013.01)
R | (58) Field of Classification Search
(72) Inventors: Min-Cheol Hong, Seoul (KR); CPC ... GO6T 3/4007; GO6T 3/4053: GO6T 5/003:
Yoon-Seong Soh, Seoul (KR) GO6T 5/20
Continued
(73) Assignee: LG ELECTRONICS INC.. Seoul (Continued)
elferences Cite
(KR) (56) Ref Cited
(*) Notice:  This patent is subject to a terminal dis- U.S. PATENT DOCUMENTS
claimer. 4550437 A 10/1985 Kobayashi et al.
‘ 5,208,872 A 5/1993 Fisher
(21)  Appl. No.: 14/961,306 (Continued)
22) Filed:  Dec. 7, 2015
(22) File = OTHER PUBLICATIONS
Related U.S. Patent Documents | |
_ Oflice Action for U.S. Appl. No. 12/024,408, mailed Jun. 29, 2009,
Reissue of: 7
pages.
(64) Patent No.: Re. 42,045 (Continued)
Issued: Jan. 18, 2011
Appl. No.: 11/546,484 Primary Examiner — Adam L Basehoar
Filed: Oct. 12, 2006 (74) Attorney, Agent, or Firm — Dentons US LLP

Which 1s a Reissue of:

(57) ABSTRACT

(64) Patent No.: 6,803,954 | | | |
Tssued: Oct. 12, 2004 The pl:esent 1%1‘{611‘[1.011 relates to an }nterpolatlion method for
Annl No.: 09/692.156 enlarging a d}gltal 1image or predicting a moving vector of a
bpl- O ’ compressed 1mage system as a sub-pixel unit when the
Filed: Oct. 20, 2000

image digitized through a CCD (Charge Coupled Device)
camera ect. has a low resolution 1n a video phone or video

coniference or general digital video system, particularly the
present invention can be adapted to a post processor of a

compressed digital image in order to improve the image
quality, and can be used for finding a moving vector of a

moving picture compressed type, accordingly the present

U.S. Applications:

(63) Continuation of application No. 14/472,205, filed on
Aug. 28, 2014, now Pat. No. Re. 45,859, which 1s an

(Continued)

(30) Foreign Application Priority Data invention 1s capable of improving the image quality.
Oct. 21, 1999  (KR) .o, 1999-45805 7 Claims, 4 Drawing Sheets
- A - - -7 Bl -14 0 52 405 24 0 ~-13-2 -14 0 0 0 O O -
B -6 23 52 -12 -9 201 302 -12 -3 -5 -3 -6 0 O © O
C -8 43 -6 0 99 B2 -8 0 -3 3 -4 0 O 0 € O
D -10 38 -20 O 64 397 2¢ 4 -7 49 -i6 O O 0 0 0
E -13 33 -23 0 10 413 62 ¢ -1 89 ~-1¥ 0 O O 0 O irg-
F -12 26 -15 -3 -4 354 142 -5 -1l 48 -4 -4 0 Q0 O 0 b
G -10 17 -8 -7 -13 2%% 221 -9 -0 36 6 -8 O O 0 © C
H -5 4 18 -1 -9 197 302 -9 -5 17 24 -11 0 O O 0O }|d
] -14 -6 21 O 5 338 29 0 -2 99 -17 0O @ 0 0 ¢ e
J -10 -7 -24 -3 -5 344 145 -5 -12 88 7 -6 O (O 0 0 f
K -4 -13 -16 -1 -i0 194 301 -6 -6 39 60 -6 O O 0 0O g
L j=y/812| —12 13 -9 0 53 383 26 0 1 11 -8 0 O G O 0 | h
M| -9 -14 -1t 0 19 36 67 O -6 109 t 0 0O 6 O 0 [fi
N -9 -9 -4 -2 -9 261 185 -5 -8 74 45 ~6 O 0 O 0 .
0 -2 -5 -3 -4 -5 174 282 -9 -5 42 79 -12 QO 0 0 0 K
p § -10 -8 ©0 19 =219 18 0 37 271 6 0 -9 -16 -9 0 |||
Q 8 -9 -6 1 -11 193 76 -4 -7 243 B3 -4 -4 —14 -14 -1 || m
R -{ -8 -11 -4 -8 102 156 -13 -8 142 208 -10 -1 -1t —-10 -4 i n |
S -4 -5 -3 0 23 153 -8 © 63 330 -13 0 -13 -6 ~7 O G
T -3 -5 -4 0 § 131 0 0 45 338 15 0 -1t -9 -11 § |-Pp-
U -2 -5 -5 0 -10 149 1 @ 7 347 43 0 -9 -2 -16 0
¥ -2 -4 -B ~1 -12125 35 -4 -5 304 11 -4 -6 -3 -14 -2
W {1 -4 -6 -1 -14 102 55 -8 -16 260 179 -9 -4 -4 -13 -4
- X - . |1 -4 -6 -2 -7 62 104 12 -8B 172 255 -1l -2 -9 ~-14 -5 -




US RE47,238 E

(1)

(58)

(56)

Page 2
Related U.S. Application Data 3,991,464
.. : 6,058,248
application for the reissue of Pat. No. Re. 42,043, 6,061,477
which 1s an application for the reissue of Pat. No.
6,803,954, 6,072,907
6,075,926
Int. CL 6,154,574
G061 5/00 (2006.01) 6.236.433
GO6T 5720 (2006.01) 6,252,576
Field of Classification Search
USPC oo, 382/260-264, 298-300; 358/525 2322;32
See application file for complete search history. 6331900
_ 6,496,608
References Cited
. 6,529,638
U.S. PATENT DOCUMENTS 6,567,568
6,065,344
5,258,938 A * 11/1993 Akamatsu ............... GO6F 17/17 6,714,593
708/290 6,912,004
5,274,469 A 12/1993 Small et al. 6,950,469
5,396,592 A * 3/1995 Fujmoto .............. GO6F 17/175 8,428,396
345/501
5,659,364 A 8/1997 Aok et al.
5,696,848 A 12/1997 Patt1 et al.
5,821,915 A 10/1998 Graham et al.
5,838,387 A * 11/1998 Allen ..., GO6T 3/4023
5,875,268 A 2/1999 Miyake 10 pases
5,880,767 A 3/1999 Liu pases.
5,917,965 A 6/1999 Miyake
5,949914 A 9/1999 Yuen

Hsu et al.
Atkins et al.

11/1999
5/2000
5/2000

%

6/2000
6/2000
11/2000

Taylor et al.
Atkins et al.

=

5/2001
6/2001

Acharya et al.

=

(WO T—

Matsuoka
Crinon et al.
Lin
Chui

7/2001
9/2001
12/2001
1% 12/2002

3/2003

5/2003
12/2003
| 3/2004
1 6/2005
B2 9/2005
B2 *

Westerman
Nabeshima et al.
Fimoft
Benzler et al.
Knudsen et al.
Karczewicz et al.
4/2013 He

EUEUEUEUEU LIJL:UCUCU T e

OTHER PUBLICATIONS

* cited by examiner

Lohmeyer .............

Pailk ..o,

Nottingham ..........

ttttttttttttttttttttt

tttttttttttttttttttttttt

GO06T 3/4084
382/293

.. GO6T 5/003

250/201.2

GO6T 3/4007
345/643

.. GO6T 3/403

348/453

HO4AN 19/59
382/260

348/222.1 Office Action for U.S. Appl. No. 12/024,408, mailed Dec. 4, 2008,



U.S. Patent Feb. 12, 2019 Sheet 1 of 4 US RE47.,238 E

FIG. 1
*®x®
@ @ @

X x

@ @ @

FIG. <

~ a
1
1 94 -15 94 391 -15 -15 -15 -8 4 c |
~15 86 -9 -13 370 113 -6 -14 -18 || d |
15 -13 -6 86 370 -14 9 113 wlBJ e |
6 -14 -14 —14 349 107 -14 107 11 Jj{

=1/612

it A B @ % B ©

o

ANVANANWARFANVARVANWARFARFA
ANV AN AWANNANVANVANVARF ARV A

DAADALRAALD
ADBADNADLDD O
AANAANAAAAN A
@a&ﬁ@aeaa®
ALMNANAANANL N
AABLODNLDLDN N
DAADAADDL LG



US RE47,238 K

Sheet 2 of 4

Feb. 12, 2019

U.S. Patent

d
0
U
Hia- ¢1- 21- B- 2- E¥l €12 GI- 6- 001 09I
"o zi-¢l- 9- 0 22 22 2 0 2 922
V” 0 91- 91- 11— 0 11— 692 12 O gi- 2I2
. lo o o o0 2-s62 69 £i- 0I- 622 ¥82
g1l 0 0 0 0 0 Si- 200 2l- 0 19 €0V
‘sll0 0o o0 0 o0 02- 18 6 0 £- 2uE
3o 0 0 0 §- - v 9- 8- GIZ 0€
o 0o o0 0 0 6~ 2 U- 0 €9 22
pi0o 0 0 0 0 gl- 4 ¥- 0 £- 8%
.
q
N

v Old

gl—- 2- 2l-
9- 0 0Ol-
vy 0O g-
61— 6— €&—
6 0 G2-
601 0 9I-
LI- 8- 6
1T 0 22—
vl O 2dé-

Q-
6 —
01—
6 —
3 —
Q—
1A%

193
08




US RE47,238 K

Sheet 3 of 4

Feb. 12, 2019

U.S. Patent

F1G. O

@09 x40
O 000D Uy
q 0.4 L4 0,4
« (L0, x 0.0~
G 09 O 0.4
0 00,00 0.0,
0,4 « Q0




US RE47,238 K

Sheet 4 of 4

Feb. 12, 2019

U.S. Patent

p1- 68— ¢2- 1I- 662 <24l 8- <2i- #0l
p- €1- ¥— ¥v- 6- 641 092 91- 8~ GG
- ¥i- £~ 9- ¥- [ v0E8 S- v~ 4L
gl- ¢—- 6- O by L¥E L 0 ¢l

ki, =y

. 1- 6—- - O Gl BEE Sy O 0
L~ 91- €1- 0 ¢€I- 0t €8 0O 8i-
1 G- - 1- Qgl- 802 ¢vl 8- EI- 961

E8 €ve L- ¥-— B4
6- 91- 6- O g e 48 0 81

vi- ¥I- ¥~ ¥~

Fouie? .

0
d 0
o i{ O
u Y-
W {—
| 0
b 0 O ), 0 ¢l— BL 2y G- 66— <¢&8S
[ 0 0 0 0 9- G +¥L 66— G- 4GBl
! 0 0 O O 0 I 801 9- 0 49
' Y 0 0 0 O O g—- 111 1 0 8¢
g 0 0 0 0 91- 09 6€ 9- 99— 10%
|} O O 0 0 9- L g8 gI— G- Gvl
2 O 0 0 0 0 4Li—- 66 2Z- 0 B2
pit O 0 0 o0 11— +¢2 L1 G6- 6~ cOt
o1 O 4 0 0 6- 6 gg 01— 6~ 122
q 0 0 D 0 v- ¢- 8¢ 1I- G- vl
B 0 0 D 0 0 4Li—- B¢ Z2i- 0 &9
O O 0 0 0 91- 6y L~ 0 Ld
0 0 D 0O 0 +di—- @& €~ 0 6~
0 () 0 0 9- ¢gI- 6- ¢€- 21— 20C
R O O O 0 vi— 2- Ei- D v
9 DIlA

29
At}
Gel
6v1
161
£Gl
¢01
£6l
Bic
PLl
19¢
gGt
L9t
¥61
yvE
121945
L61
G6¢
14°1*
iy
LBE
cBt
102
GOV

N.I....
e~
0
0
0
A S
0

g1
m..i
Gl-
£d-
02—
g1 -
A4S
4 e

L1
9¢
£
8L
£
£e
i8

| 215/1=




US RE47,238 E

1

FILTERING CONTROL METHOD FOR
IMPROVING IMAGE QUALITY OF
BI-LINEAR INTERPOLATED IMAGE

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of the first and this
reissue specification; matter printed in italics indicates
the additions made by the first reissue. Matter enclosed
in double heavy brackets [[ ]] appears in the first
reissue patent but forms no part of this reissue specifi-
cation; matter printed in bold face indicates the addi-
tions made by this reissue; a claim printed with
strikethrough indicates that the claim was canceled,
disclaimed, or held invalid by a prior post-patent action
or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATIONS

More than one reissue application has been filed for
the reissue of U.S. Pat. No. RE42,043. The reissue appli-
cations are patent application Ser. No. 14/961,306 (pres-
ent application); Ser. Nos. 14/959,697; 14/961,345;
14/959,662; 14/961,275; 14/962,608; 14/962,578; 14/963,
7635; and 14/963,818, all of which are continuation reis-
sues of U.S. Pat. No. RE42,045.

This application is a continuation reissue of U.S. reis-
sue application Ser. No. 14/472,205, filed on Aug. 28,
2014, now U.S. Pat. No. RE45,839, issued on Jan. 19,
2016, which is a reissue of U.S. Pat. No. RE42,045, issued
on Jan. 18, 2011, which is a reissue of U.S. Pat. No.
6,803,954 issued Oct. 12, 2004. More than one reissue
application has been filed for the reissue of U.S. Pat. No.
6,503,954, U.S. patent application Ser. No. 11/546,4584 is a
reissue of U.S. Pat. No. 6,803,954; U.S. patent application
Ser. No. 12/024 408, now abandoned, is a divisional reissue
of U.S. Pat. No. 6,803,954; and U.S. patent application Ser.
No. 12/424,927 is a continuation reissue of U.S. patent
application Ser. No. 11/546,454, the entire contents of each
are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to an interpolation method
adapted to enlargement of a low resolution 1mage when the
image digitized through a CCD (Charged-Coupled Device)
has the low resolution, 1n particular to a filtering control
method for mmproving the image quality of a bi-linear
interpolated 1mage which 1s capable of restoring a requested
interpolated high resolution image from a low resolution
image by finding a coeflicient of a two-dimensional filter on
the basis of a regularization 1mage restoration method.

2. Description of the Prior Art

In the conventional technology, a still picture or a moving,
picture has or transmits a low resolution image because it
can not physically satisiy a sensor having the low resolution
or a nyquist value.

In addition, a compressed moving picture has or transmits
the low resolution 1mage due to 1ts bit value problem.

For example, when the compressed moving picture hav-
ing the low bit value 1s transmitted to a receiver and the
receiver enlarges the transmitted moving picture, the reso-
lution of the transmitted moving picture lowers due to a
degradation phenomenon ect.
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2

Accordingly, a method for getting a high resolution 1mage
from a low resolution 1image 1s required.

In the meantime, the method for getting the high resolu-
tion 1image from the low resolution 1mage 1s largely divided
into an 1mage expansion type method and an image enhance-
ment type method.

First, the 1mage expansion type method converts the size
of the low resolution 1mage into a requested size. The
bi-linear interpolation method, a zero order expansion
method, and a cubic spline method are comprised 1n the
image expansion type method.

However, as described above, the image expansion type
method has an 1mage visibility lowering problem because
when the i1mage i1s interpolation-restored by the above-
mentioned method such as the bi-linear interpolation
method, zero order hold expansion method, cubic spline
method, the outlines of the image 1s over-blurred.

Meanwhile, the 1image enhancement type method com-
prises many methods, but the image enhancement type
method causes a computational complexity, accordingly the
method 1s not suited to a real-time processing due to the its
computational complexity.

In addition, when the 1mage enhancement type method 1s
used for getting the high resolution image from the low
resolution 1mage, setting of each parameter 1s not adaptable.

For example, there 1s a POCS (Projection Onto Convex
Set) method for increasing the resolution of an 1mage. In the
POCS method, in use of time region information, 1t 1s
assumed as correlation between the images 1s uniformly
same, but actually the correlation between the 1mages 1s not
uniform.

In addition, there 1s a mapping method for mapping a
non-uniform sample of the low resolution 1mage ito a
umiform sample of the high resolution image by using
moving information and segmentation information of the
image. However, the mapping method has the computational
complexity problem, accordingly the mapping method 1s not
suited to the real-time 1mage data processing of the image
processing system.

SUMMARY OF THE INVENTION

The object of the present invention 1s to provide a filtering,
control method for improving the image quality of a bi-
linear interpolated 1image which 1s capable of improving the
image quality of the interpolated image by using an inter-
polation method considering a real-time processing, a com-
putational complexity and an etliciency when the digital
video system seeks the interpolated image from the low
resolution 1mage.

The other object of the present invention 1s to provide the
filtering control method for improving the 1image quality of
the bi-linear interpolated image which 1s capable of finding
a two-dimensional filter coellicient for getting the interpo-
lated 1mage from the low resolution 1mage on the basis of a
regularization 1mage restoration method.

The other object of the present invention 1s to provide the
filtering control method for improving the 1image quality of
the bi-linear interpolated image which can approximate and
find a PSF (Point Spread Function) for the bi-linear inter-
polated image from a modeling of the degraded 1image in the
frequency region.

The other object of the present invention 1s to provide the
filtering control method for improving the image quality of
the bi-linear interpolated image which 1s capable of per-
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forming a real-time adaptive processing by finding a filter
coellicient from the bi-linear interpolated image and
approximated PSF.

In the present invention, in order to find a filter coetlicient
for finding the interpolated 1mage from the low resolution
image on the basis of the regularization image restoration
method, when H 1s the PSF (Point Spread Function), 1 1s a
requested high resolution image, Z 1s the low resolution
image, g 1s the high resolution image gotten from the
bi-linear interpolation method, an added function M ()—||g-
Hf|P+a||Cf ||? for finding the PSF(H) from an equation
o=Bz=HIi+n (B, H are bi-linear mterpolated filters, n 1s a
noise component generated by the assumed H) 1s defined.

The filtering control method for improving the image
quality of the bi-linear interpolated 1mage can be imple-

mented by finding the PSF(H) from the added function M(1)
by using an equation

G(k. 1)

Hik. D= Fk. 1)

The filtering control method for improving the image
quality of the bi-linear interpolated 1image can be imple-
mented by finding a PSF(P) of a =Pg function by using an
equation

H«(k 1
H=«(k, DHk 1) + Cx(k, DC(k, 1)

P(k, 1) =

alter finding the PSF(H).

The filtering control method for improving the image
quality of the bi-linear interpolated image can restore the
requested high resolution image(1) by finding an added filter
coellicient Q of the PSF(P) and interpolation filter B from
the equation I=Pg=PBz=Q)z.

BRIEF DESCRIPTION OF THE

DRAWINGS

FIG. 1 illustrates an 1mage sample for getting a twice
enlarged high resolution image according to the embodiment
of the present invention.

FIG. 2 1llustrates an interpolation filter coeflicient for
getting the twice enlarged 1mage according to the embodi-
ment of the present invention.

FIG. 3 illustrates an 1mage sample for getting a three
times enlarged high resolution image according to the other
embodiment of the present invention.

FIG. 4 illustrates the interpolation filter coeflicient for
getting the three times enlarged 1image according to the other
embodiment of the present invention.

FIG. 5 illustrates an 1mage sample for getting a six times
enlarged high resolution 1image according to the another
embodiment of the present invention.

FIG. 6 1llustrates the interpolation filter coethicient for
getting the six times enlarged image according to the another
embodiment of the present invention.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENT

L1

FIG. 1 illustrates an 1mage sample for getting a twice
enlarged high resolution image according to the embodiment
of the present invention.
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4

As depicted in FIG. 1, a~1 illustrate low resolution pixels,
A~D 1llustrate high resolution pixels. In addition, pixels
depicted as ‘x’ illustrate pixels interpolated as twice by a
twice interpolation filter coetlicient.

FIG. 2 illustrates the interpolation filter coeflicient for
getting a twice enlarged 1image according to the embodiment
of the present mvention. In other words, the interpolation
filter coeflicient for interpolating the twice enlarged 1image of
FIG. 1 1s depicted 1n FIG. 2.

As depicted 1n FIG. 2, the high resolution image 1s gotten
from the low resolution pixels a~1 (3x3 pixels) inside of a
circle of FIG. 1 by using the interpolation filter coeflicient.

FIG. 3 illustrates an image sample for getting a three
times enlarged high resolution 1mage according to the other
embodiment of the present invention.

As depicted 1n FIG. 3, a~p 1llustrate the low resolution
pixels, A~I 1llustrate the high resolution pixels using the
filter according to the present invention.

FIG. 4 illustrates the interpolation filter coeflicient for
getting the three times enlarged 1image according to the other
embodiment of the present invention.

As depicted 1n FIG. 4, three times enlarged pixels which
are newly generated illustrated as triangles in FIG. 3 are
gotten from the low resolution pixels a~p (4x4 pixels) by
using the interpolation filter coeflicient of FIG. 4.

FIG. 5 illustrates the image sample for getting a s1x times
enlarged high resolution image according to the another
embodiment of the present invention. In other words, it
illustrates the image sample for getting the six times
enlarged high resolution 1mage from the twice and three
times interpolation filter coeflicients by using the bi-linear
interpolation method.

As depicted 1 FIG. 3, pixels 1llustrated as a ‘X’ can be
gotten by using the twice interpolation filter of FIG. 2, and
pixels illustrated as a triangle can be gotten by using the
three times interpolation filter coeflicient of FIG. 4.

In addition, pixels illustrated as a quadrilateral can be
gotten from the pixels generated by the twice and three times
interpolation filter coeflicients by using the bi-linear inter-
polation method.

FIG. 6 illustrates the interpolation filter coethicient for
getting the six times enlarged 1image according to the another
embodiment of the present invention. In other words, the

interpolation filter coeflicient for getting the six times
enlarged 1image of FIG. 5 1s depicted 1n FIG. 6.

Meanwhile, as depicted 1n FIG. 2, FIG. 4 and FIG. 6, the
value found by using the interpolation filter coeflicient of the
present invention has an integer value.

In addition, a 9 bit shift 1s performed to the value
calculated by the iterpolation filter coeflicient, accordingly
there 1s no need to perform a floating point operation
processing.

The twice, three times, six times mterpolated images are
depicted 1n FIG. 1~FIG. 6, however the present invention 1s
not limited by that, 1t can be adapted freely to a certain
interpolation value.

Hereinaftter, the filtering control method for improving the
image quality of the bi-linear interpolated image will be
described 1n more detail.

First, a spatially invariant PSF (Pomt Spread Function)
for finding the interpolation filter coeflicient according to the
cach 1nterpolation value can be easily analyzed and approxi-
mated 1n the frequency region, accordingly the spatially
invariant PSF (Point Spread Function) 1s considered from
the bi-linear interpolated image.

After that, when 1t 1s assumed as the low resolution 1mage
1s z, high resolution 1image gotten by the bi-linear interpo-
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lation method 1s g, high resolution 1mage to be restored 1s 1,
the relation between the each image can be described as
below.

o=Bz=HIi+n [Equation 1]

Herein, the B, H, n are the bi-linear interpolation filters,
H 1s the spatially invariant PSF defining the relation between
the original high resolution 1mage and high resolution image
gotten by the interpolation method, and the n 1s a noise
component generated by the assumed H.

Herein, when the noise component 1s neglected and a
direct inverse 1s used in order to find the PSF(H), the PSF(H)
can be described as below equation 2 in the frequency
region.

Gk, 1)
Tk 1)

Hik, 1) = |Equation 2]

Herein, the H(k,1) 1s the component in the k,1 frequency
region of the PSF(H), the G (k,1) 1s the component 1n the k.]
frequency region of the bi-linear interpolated image. In
addition, the F (k.1) 1s the component in the k,1 frequency
region ol the high resolution 1image.

Meanwhile, the high resolution 1image 1 to be restored 1s
unknown, the PSF(H) can be gotten from the bi-linear
interpolated high resolution 1image through a statistical pro-
cessing after performing an under-sample processing of
various 1images as various value.

Herein, the high resolution image 1s gotten by using the
PSF(H) found from the direct inverse. In other words, there
1s a system stabilization problem because the high resolution
image gotten from the PSF(H) by using the direct inverse 1s
overshoot 1n the region where the k.1 have ‘0’ value (in
general, high frequency region) in the frequency region,
accordingly the regularization 1image restoration for improv-
ing the system stabilization 1s used to solve the problem.

The regularization 1mage restoration method 1s used for
restoring the 1mage or finding a certain PSEF, an added
tfunction M(1) for finding the PSF(H) by using the regular-
1zation 1mage restoration method can be described as below
equation 3.

M(D)=||g-Hf]P+al|C1][? [Equation 3]

Herein, the first term of the right side of Equation 3
illustrates the credibility of the bi-linear interpolated image,
the second term of the right side illustrates increase of the
stability of the system by providing the mitigation to the
restored 1mage.

In addition, the ||.|| means a norm, the o 1s a regularization
parameter for determining the credibility and mitigation of
the original image. In addition, the C 1s the two-dimensional
high frequency filter for determining the mitigation of the
original 1mage, in the present invention a two-dimensional
Gaussian filter 1s used as the C.

When a gradient operator 1s adapted to Equation 3 1n order
to get the high resolution 1mage, it can be described as below
equation 4.

M(H=-2H'(g-HH+2aC ' Cf=0

[Equation 4]

Herein, the T means a transpose of a matrx.

Meanwhile, conventionally a repetition method 1s used in
order to get the high resolution image and regularization
parameter, but i1t 1s not suited to the moving picture pro-
cessing because the method causes lots of computational
complexity.
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6

Accordingly, in the present invention, the regularization
parameter a 1s fixed as ‘1°, and the high resolution image 1
can be found as below equation 5.

H g [Equation 5]

f — —
(H'H+ C'C)

Pg

When the PSF(P) 1s found by Equation 5. PSF(P)=H/
(H'H+C"C) requires the lots of computational complexity
for calculating an 1nverse matrix, however the PSF(P) 1n
Equation 5 1s a block-circulant matrix, accordingly 1t can be
casily calculated 1n the frequency region.

Accordingly, the PSF(P) can be found finally as below
Equation 6.

H=x(k, D
H=(k, DH(k, 1) + C«(k, DCik, 1)

P(k. 1) = |Equation 6]

Herein, the **” means a complex-conjugate.

The PSF(P) can be found by using an IFT (Inverse Fourier
Transform) from Equation 6.

The requested high resolution image 1 can be found as
below Equation 7 by using the found PSF(P) and Equation

1.

{=Pg=PBz=Q)z

The PSF(P) 1s the spatially invariant function, the bi-
linear interpolation filter B can be easily found by the
conventional technology, accordingly the added filter coet-
ficient Q of the PSF(P) and bi-linear interpolation {filter B
can be found.

Herein, in order to reduce the computational complexity,
the number of a kernel of the PSF(P) 1s set 1n accordance
with the up-sampling value.

When the up-sampling value 1s 2 in the present invention,
the number of the kernel 1s limited as 3, when the up-
sampling value 1s 3, the number of the kernel 1s limited as
4.

When the up-sampling value 1s 2, 1t can be used 1n an
application segment for enlarging the size of the image as
twice at a post processor of the compressed digital image
and 1 finding of a sub-pixel moving vector n a H.263
moving picture compressed method.

In addition, when the up-sampling value 1s 3, 1t can be
used 1n using of a 14 unit moving vector 1n a H.26L moving
picture compressed method.

Herein, the H.263 and H.26L are moving picture com-
pressed standards presented in the ITU-T (International
Telecommunications Union-Telecommunication).

As described above, the present invention can be used for
improving the image quality at the post processor of the
compressed digital image by using the interpolation method
for getting the interpolated high resolution 1mage from the
low resolution 1image when the resolution of the digital
image lowers due to the low resolution 1mage sensor.

In addition, the mterpolation method of the present inven-
tion can improve the image quality by finding the moving
vector of the moving picture compressed type.

What 1s claimed 1s:

[ [1. A filtering control method for improving the image
quality of a bi-linear interpolated 1mage when recovering a
high resolution 1mage from a low resolution image, the
method comprising performing operations using at least one
processor, the operations comprising:

[Equation 7]
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restoring a requested high resolution image 1 by finding an
added filter coetlicient Q of a PSF(P) and a bi-linear
interpolation filter B from an equation 1I=Pg=PBz=Q)z,
wherein 1 1s the high resolution image as requested, P
1s the PSF (Point Spread Function), g 1s the high
resolution 1mage found by the bi-linear interpolation
method, and z 1s the low resolution 1image;
wherein the high resolution 1mage 1 can be restored by
performing an added function M) definition process
for finding the PSF(H) from an equation g=Bz=Hi+n,
wherein B, H are bi-linear interpolation filters, and n 1s
a noise component generated by the assumed H; and

wherein the added function M({) is defined as M(f)=||lg—
HA]|*+c||C1]]*, wherein « is a regularization parameter,
and C 1s a two-dimensional high frequency filter for
finding mitigation of the original image.] ]

[ [2. The filtering control method for improving the image
quality of the bi-linear interpolated 1image according to claim
1, wherein the regularization parameter o 1s fixed as 1” 1n
order to reduce a computational complexity.] |

[ [3. The filtering control method for improving image
quality of the bi-linear interpolated 1image according to claim
1, wherein a two-dimensional gaussian filter 1s used as the
two-dimensional high frequency filer C in order to deter-
mine the mitigation of the original image.] ]

[ [4. A filtering control method for improving the image
quality of a bi-linear interpolated image when recovering a
high resolution image from a low resolution image, the
method comprising performing operations using at least one
processor, the operations comprising:

restoring a requested high resolution image 1 by finding an

added filter coeflicient Q of a PSF(P) and a bi-linear

interpolation filter B from an equation 1I=Pg=PBz=(Q)z,
wherein 1 1s the high resolution image as requested, P
1s the PSF (Point Spread Function), g 1s the high
resolution 1mage found by the bi-linear interpolation
method, and z 1s the low resolution 1image;

wherein the high resolution 1mage 1 can be restored by
performing an added function M) definition process
for finding the PSF(H) from an equation g=Bz=H{f+n,
wherein B, H are bi-linear iterpolation filters, and n 1s
a noise component generated by the assumed H;

wherein the high resolution 1image 1 1s restored by finding

a PSF(P) of a 1=Pg function after finding the PSF(H)
from the added function M(1); and
wherein the PSF(H) 1s found by using an equation

Gk, 1)
Fk, 1)

H(k, 1) =

G(k.l) 1s the component 1n the k.1 frequency region of
the bi-linear interpolated 1image, and F(k.1) 1s the com-
ponent 1n the k.1 frequency region of the high resolution
image.] ]

[ [5. A filtering control method for improving the image
quality of a bi-linear mterpolated 1mage when recovering a
high resolution image from a low resolution image, the
method comprising performing operations using at least one
processor, the operations comprising:

restoring a requested high resolution image 1 by finding an

added filter coeflicient Q of a PSF(P) and a bi-linear
interpolation filter B from an equation 1I=Pg=PBz=Q)z,
wherein 1 1s the high resolution image as requested, P

1s the PSF (Point Spread Function), g 1s the high
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8

resolution 1mage found by the bi-linear interpolation
method, and z 1s the low resolution 1image;
wherein the PSF(P) can be found by getting an IFT

(Inverse Fourier Transform) by an equation

H=«(k, D
H=(k, DH(k, 1) + C = (k, DCik, 1)

P(k, 1) =

H(k D) is a component in the k! frequency vegion of the
PSF(H), and C is a two-dimensional high frequency

filter.]]

[ [6. The filtering control method for improving the image
quality of the bi-linear interpolated 1image according to claim
5, wherein the number of a kernal of the PSF(P) 1s set 1n
accordance with an up-sampling value of the image.] ]

[ [7. A filtering control method for improving the image
quality of a bi-linear interpolated 1mage when recovering a
high resolution 1mage from a low resolution image, the
method comprising performing operations using at least one
processor the operations comprising:

defining an added function M(1) for finding a PSF(H)

from an equation g=Bz=Hi+n (wherein B, H are bi-
linear filters, n 1s a noise component generated by an
assumed H when the H 1s a PSF (Point Spread Func-
tion), 1 1s a requested high resolution 1image, z 1s a low
resolution 1mage, and g 1s a high resolution i1mage

gotten by the bi-linear interpolation method);
finding a PSF(P) of a 1=Pg function after finding the

PSF(H) from the defined added function M(1); and
restoring the requested high resolution image 1 by finding
an added filter coeflicient Q of the PSF(P) and inter-
polation filter B from the equation 1I=Pg=PBZ=Qz;
wherein the added function M(1) is defined as M(1)=||g—
HA||*+c|C1]|*, wherein o is a regularization parameter,
and C 1s a two-dimensional high frequency filter for
finding the mitigation of the original image.] ]

[ [8. The filtering control method for improving the image
quality a of the bi-linear interpolated 1mage according to
claim 7, wherein the regularization parameter a 1s fixed as
‘1’ in order to reduce a computational complexity.] ]

[ [9. The filtering control method for improving image
quality of the bi-linear interpolated 1image according to claim
7, wherein a two-dimensional gaussian filter 1s used as the
two-dimensional high frequency filter C 1n order to deter-
mine the mitigation of the original image.] ]

[ [10. A filtering control method for improving the image
quality of a bi-linear interpolated 1mage when recovering a
high resolution 1mage from a low resolution image, the
method comprising performing operations using at least one
processor the operations comprising:

defining an added function M(1) for finding a PSF(H)

from an equation g=Bz=Hi+n (wherein B, H are bi-
linear filters, n 1s a noise component generated by an
assumed H when the H 1s a PSF (Point Spread Func-
tion), 1 1s a requested high resolution 1image, z 1s a low
resolution 1mage, and g 1s a high resolution i1mage
gotten by the bi-linear interpolation method);

finding a PSF(P) of a 1=Pg function after finding the

PSF(H) from the defined added function M(1); and
restoring the requested high resolution image 1 by finding

an added filter coeflicient Q of the PSF(P) and inter-

polation filter B from the equation 1=Pg=PBZ=Qz;
wherein the PSF(H) 1s found by an equation

Hk,)=(G(k,)/F(=k,1),
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wherein G(k,l) 1s the component in the k,1 frequency
region of the bi-linear interpolated image, and F(k.1) 1s
the component in the k.1 frequency region of the high
resolution image.] }

[ [11. A filtering control method for improving the image
quality of a bi-linear mterpolated 1mage when recovering a
high resolution image from a low resolution image, the
method comprising performing operations using at least one
processor, the operations comprising:

defimng an added function M(1) for finding a PSF(H)

from an equation g=Bz=Hi+n (wherein B, H are bi-
linear filters, n 1s a noise component generated by an
assumed H when the H 1s a PSF (Point Spread Func-
tion), 1 1s a requested high resolution 1mage, z 1s a low
resolution 1mage, and g 1s a high resolution i1mage

gotten by the bi-linear interpolation method);
finding a PSF(P) of a {=Pg function after finding the

PSF(H) from the defined added function M(1); and
restoring the requested high resolution 1mage 1 by finding
an added filter coetlicient Q of the PSF(P) and inter-
polation filter B from the equation 1=Pg=PBz=Q)z;
wherein the PSF(P) 1s found by using an IFT (Inverse
Fourier Transform) by an equation

Hxk D

P D) = e Dk Dr ek ICE

H(k!) is a component in the k|l frequency region of the
PSF(H), and C is a two-dimensional high frequency
filter]]

[[12. The filtering control method for improving the
image quality of the bi-linear interpolated image according
to claim 11, wherein the number of a kernal of the PSF(P)
1s differently set 1n accordance with an up-sampling value of
the image.] }

[ [13. A method for generating an interpolated pixel data,
the method comprising generating a set of the interpolated
pixel data from a set of original pixel data from an original
image, wherein interpolated pixel data for a particular pixel
is generated by performing operations using at least one
processor, the operations comprising.

selecting orviginal pixel data for morve than three pixels o
the original image;

obtaining at least a first filter coefficient and a second
filter coefficient, the first filter coefficient and the second
filter coefficient being configured to interpolate the
original pixel data,

applving the first filter coefficient to the selected original
pixel data to produce first interpolated pixel data, the
fivst filter coefficient including weighting factors having
at least three different numerical values, whevein apply-
ing the first filter coefficient to the selected oviginal
pixel data comprises:
multiplving each of the weighting factors and the

selected oviginal pixel data to produce weighted
pixel data, and

summing the weighted pixel data to produce the first
interpolated pixel data;

multiplying the second filter coefficient and the first inter-

polated pixel data to produce second interpolated pixel

data; and
identifving the interpolated pixel data as the second

interpolated pixel data ]}
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10
[ [14. The method of claim 13, wherein the second filter

coefficient is a matrix that includes one or more individual
numeric values.] |

[ [15. The method of claim 13, wherein the first filter
coefficient and the second filter coefficient each comprise at
least one integer value.] ]

[ [16. The method of claim 13, wherein a value of the first

filter coefficient and a value of the second filter coefficient

are one.] |
[ [17. The method of claim 13, wherein a value of the

second filter coefficient is one.] ]
[ [18. The method of claim 13, wherein the original image
is obtained from a low-resolution imaging system.] ]

[ [19. The method of claim 13, wherein the second filter
coefficient is a point spread function (P) and the first filter

coefficient is a bi-linear interpolation filter (B).]]
20. A method for a moving picture compression with a

video system by generating an interpolated pixel data,

the method comprising:
generating a set of interpolated pixel data from a set of
original pixel data from an original image; and
finding a sub-pixel motion vector using the set of
interpolated pixel data,
wherein interpolated pixel data for a particular pixel
is generated by performing operations using the
video system, the operations comprising:

selecting, by the video system, original pixel data

including more than three pixels of the original
image;

obtaining, by the video system, at least a first filter

coeflicient and a second filter coeflicient, the first
filter coeflicient and the second filter coefficient
being configcured to interpolate the original pixel
data;

applying, by the video system, the first filter coefficient

to the selected original pixel data to produce first
interpolated pixel data, the first filter coefficient
including weighting factors having at least three
different numerical values, the at least three differ-
ent numerical values including at least one positive
integer value and at least one negative integer value,
wherein said applying the first filter coefficient to the
selected original pixel data comprises:
multiplying each of the weighting factors and the
selected original pixel data to produce weighted
pixel data, and
summing the weighted pixel data to produce the
first interpolated pixel data;
multiplying, by the video system, the second filter
coefficient and the first interpolated pixel data to
produce second interpolated pixel data; and

identitying, by the video system, the interpolated pixel
data for the particular pixel as the second interpo-
lated pixel data.

21. The method of claim 20, wherein the second filter
coefficient is a matrix that includes one or more indi-
vidual numeric values.

22. The method of claim 20, wherein the second filter
coeflicient includes at least one integer value.

23. The method of claim 20, wherein a value of the first
filter coeflicient and a value of the second filter coefficient
are one.

24. The method of claim 20, wherein a value of the
second filter coeflicient is one.

25. The method of claim 20, wherein the original image
is obtained from a low-resolution imaging system.
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26. The method of claim 20, wherein the second filter
coefficient is a point spread function (P) and the first
filter coefficient is a bi-linear interpolation filter (B).
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