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Color_hist,,x > Nth * block_x * block_y (3-1)
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3.3 &5 &5 (Block Classification)
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Image I is amapping I : D ¢ Z* — &. Extremal regions are well defined on images if:

1. & is totally ordered, ie. reflexive, antisymmetric and transitive binary relation <
exists. In this paper only § = {0, 1,...,255} is considered, bul extremal regions
can be defined on e.g. real-valued images (S = R).
2. An adjacency (neighbourhood) relation A © D x D is defined. In this paper
4-neighbourhoods are used, ie. p, q € D are adjacent (pAg) iff 28 | |pi— g < L.
Region Q is a contiguous subset of D, ie.
P.ay,03, ..., 0y, g and pAay, agdaggy, agdg.
(Outer) Region Boundary Q ~ {ge D\ Q: Ipe Q: gAp}. ic. the boundary #Q of
Q is the set of pixels being adjacent to at least one pixel of Q but not belonging to Q.
Extremal Region Q C D is a region such that forall p € Q.q € 8Q : Il(p) > I{g)
(maximum intensity region)or J(p) < I(g) (minimum intensity mglm]
Maximally Stable Extremal Region (MSER). Let Q. ... Q1. Q...
of nested extremal regions, ie. Qi © Q, Extremal region Q;. is maximally stable iff
qli) = |Qiva\ Qi-al/1Qi] hasaloml minimum at i* (|.| denotes cardinality). & € &
is a parameter of the method.
Table 1: Definitions used in Section 2

for cach p,q € Q there is a sequence

(a) &

tric and lilive

is , but ex
S=R).
on 4 © D x D is JIH. In this [0

4-neighbourhoods are used, ie. p,q € D are adjacent (pAq) iff ©F | |p;—g;| < 1.

R.on Qisa ca-)us s.el of D, ie. for c Q there is a lel.

P ay,az,. ﬂn,?ﬂ"d pAay, aidaiyy, anAg.
g.er) ﬂdQ*(QED\Q JEQ
18 the pxxs B ‘;;al Ieasl..plx:ln

Eummlﬁ?n Qc Disa sl th
(maximum inkhsity region) or T
n ms
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Mpgimally Stalge Extremal
of ext ions, i.e. Ui ©
W = 1Qi o \Wl-al/1Q] .alncal
is o I of (h '-d.!
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| egion)
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lrema] e IS
um at i* ([.| des 'S Car

1: ]‘m.ls .d in Section 2
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(b) Lin[19]

Image [ is a mapping I : D C Z* — S. Extremal regions are well defined on images if:

1. S is totally ordered, ie. reflexive, antisymmetric and transitive binary relation <
exists. In this paper only S = {0,1,...,255} is considered. but extremal regions

«can be defined on e.g. real-valued images (S = R).
2. An adjacency (neighbourhood) relation A © D x D is defined. In this paper
4-neighbourhoods are used, i.e. p, g € D are adjacent (pAg) if 0 |p; —q| < 1.
Region Q is a contiguous subset of D, ie.
P.G1,82,. .., an, g and pAay, aiAa 1, anAg.

{Outer) Region Boundary 9Q = {g € D'\ Q: dp € Q : gAp}. i.e. the boundary JQ of
Q is the set of pixels being adjacent to at least one pixel of Q but not belonging to Q.

for each p,q.e Q there is a sequence

Extremal Region O © D is a region such that forall p € Q,q € 8Q = I(p) > Iiq)
(maximum intensity region) or 7(p) < I(g) (minimum intensity region).
Maximally Stable Extremal Region (MSER). Let Qy....,Q; ;. Q;,... be asequence
of nested extremal regions, i.e. Q; © Q;11. Extremal region Q;- is maximally stable iff
q(i) = [Qira \ Qi—al/|Q:| has alocal minimum at i* (|.| denotes cardinality). A € §
is a parameter of the method.

Table 1: Definitions used in Section 2
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A4% Sub-pixel Gradient text 52 39 2
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4.1 Gradient fitting process

Sub-pixel rendered B]~E 9] 715448 F-X]5F7] $5e] decode¥ = Ul 9]
He d¥ BAEQ gradient?] 2x}&0o] HA3F Hojof ) 12U text
£ gradient®] 7N¥rS = encoding & 79, decoding oA i €A
Eol @zap&o] F7lskAl ® Tk o] sub-pixel rendered B]AE7F A E =
el vAdE dQle] ARREHSY] wiiEolth. gradiente] BIAHE
T= gradient®] A|FH F2 EHE9 gradient7} ol A%k H A<
gradiente} o] thE A, olE YAE StE& A7 Aol v A7
slo] gradiente] M@ FASH=F Shrh ol A FowH BAES] ¢F
S =9 4 vt 2@4-1) = gradiente] AF 9]z EE EFiupE 9

s
2] sub-pixel Ae ks AZFolA AAS= WS HERd

A

{Pi = C,, if abs(P,— C;) <FT

= (r) if abs(P; — Cf) < FT"’ i=01,..,Ng—1 (4-1)

FT = abs(CS - Cf) / fitting_value
Pi = gradientS ©]F= sub-pixel A2 Ztol™, FT= XA threshold #t<
Sk, Co + gradient®] A]12FA] 3 9] sub-pixel A#] kol C; + gradient

o] & A sub-pixel A2 Ftolt). gradientE ©]F+i= Zb sub-pixel 2

el Co &2 Cr & gt Apel7h FT o8t A%, ol& C &2 G o @e
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3t 4-1 fitting threshold

thFrIetianﬂd Funcu(])c?t:tiz;l(ish; & )/ Value
FT1 abs(255-127) /8 16
FT2 abs(127-216) / 8 11
FT3 abs(216-0) / 8 27
FT4 abs(0-255) / 8 32

2% 4-58F 2ol gradient R R 3dA RAHow FdET A AA
GAZE sub-pixelZ2 FAAE HAEA Z} gradientE T4 Sk sub-pixelS
I3t dAolth gradientE 748k sub-pixel<> gradiente] A] &A1 F
¥ gradient®] & A @A7FAE ¥E3Fstt) gradient7t A ZEE A H L sub-
pixel 2 A Ftol dAsHA FA =TI #hol Bk = A3 gradiente]

ko] mhy = Aot} gradient”} EuE A2 gradient®] wWEFo] why]
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A sub-pixel A2l #to] AAsA FAH= R uby = ARl o]
27 2} gradientE 2]k ©]-i gradient fitting process”} Z} gradient v}
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7oA Ak B ghol 8Y ) ZF IEelA e FT 32 & 4-19
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Cr oIA FT "k "ozl gxjo|th 19 4-50b) & 7k 215 FTY 9 &
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A OFT RbE "ol o] EASH o]F 7o ® FT9 CoF Cr Akole
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4.2 Text Coding
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4.2.4 Whole-pixel T
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& 43N, 2k Wate] ulE WMol o
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Besides its color, the planet is unusual because of its distance from its sun, GJ 504 or 59
Virginis — nearfy nine times the distance Jupiter orbits the sun, ar 43 5 astronomical units
(One astronomical unit 1s the distance from the Earth to the sun, or about 92,955 807 miles)
The sheer distance makes astronomers start 1o question some of the thearies they have
around how planets form

“This is among the hardest planets to explain in a trad | planet. 3
=aid Markus Janson, a Hubble postdoctoral fellow at Princeton and one of the researchers
on the progect. "lts discovery imphes that we need to senously consider altermative lommation
thixones ® Al the very least, assessing basic assumptions in the current popular planet
formation theary would be imporiant, said Janson in a NASA release.

Infrared pholos of the planel were laken by the Subaru Telescope on Mawna Kea in Hawan.
The approximately 160 milion-year-old star system in which the exoplanet resides orbits
around the star GJ 504, and is approximately 57 kaht.years from Earth Especially exciting
15 the lact that GJ 504 1s about anly 1/30th the age ol our own sun, says Michael McElwain,
a memiber of the discovery leam at NASA's Geddard Space Fiight Center. “Studying these
Systems i5 a litthe like seeing our own planetary system in its youth.”
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In this paper, we propose a method called resolwtion-en-
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o}

¥ 4-6 simple rendered text ¢+ H]
File size B PSNR(dB)
(Kbytes) PP
Proposed 323 1.08 32.39
JPEG 401 1.34 20.20
JPEG2000 431 1.44 23.78
H.264 Intra mode 393 131 23.30
X 4-7 complex rendered text =& M|
File size Bpp PSNR(dB)
(Kbytes)
Proposed 493 1.65 30.57
JPEG 498 1.66 22.86
JPEG2000 503 1.68 26.30
H.264 Intra mode 543 181 28.40
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5.1 Block Grouping
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5.3 Group motion vector calculation
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¥ 52 B duglEE 5 S (kbit/s @ 30frames)

Proposed Full search EPZS EPZS
Search range 16 64 64 512
AP 1662.34 1731.67 2424.70 1917.40
A2 16589.53 18489.23 23188.79 18202.51
A Fd3 11614.93 21419.36 32925.88 18867.79
A Fd4 6176.47 5908.26 6661.71 6254.59

b

53 ¥4 e

X

=

H A7 (sec @ 60frames)

Proposed Full search EPZS EPZS
Search range 16 64 64 512
AP 134.03 2604.21 227.51 234.27
A g2 164.84 3538.97 297.26 301.83
A P43 157.65 3590.95 310.16 314.03
A %4 222.68 2429.82 254.35 258.06

% 54 gAdvEE 23 FAHAIZE (sec @ 60frames)
Proposed Full search EPZS EPZS
Search range 16 64 64 512

A edidl 14.80 2360.47 20.39 20.88

A GAk2 25.44 3250.44 33.33 36.72

A3 A3 21.33 3309.59 32.10 36.43

A g4 27.33 2248.58 20.43 19.52
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Abstract

As computing performance and network speed increase, compound image
compression can be used in many applications including video and multi
communication. However, a compound image consists of many different
types of image contents, which needs classification to identify the types of
image contents and to apply different processing methods to process each
type of image contents. Even if images of non-text type are handled by image
coders such as JPEG or H.264/AVC, classification of different types of
images and proper compression suitable to text images are needed to encode
compound image.

Compound image classification is used to identify a text area from
different types of images. Wrong text area classification causes degraded
image quality due to inappropriate coding method in neighboring blocks.
Because flat display uses sub-pixel color differentiation to maintain
smoothness in text, this paper proposes sub-pixel gradient block classification
using the inverse operation of the text creating method. Previous whole pixel-
based image classifications cannot classify accurately between text areas and
image areas. This paper uses block classification based on the sub-pixel
gradient characteristics to achieve correct classification between text areas
and image areas. Experimental results show that the proposed classification

achievers the better block classification performance than previous
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approaches.

Text encoding based on transformation and quantization loses a significant
amount of text characteristics because of the loss of high frequency
information in text images. On the other hand, lossless text encoding
generates a large amount of data, which require very high bandwidth for
transmission. The proposed sub-pixel gradient coding (SPGC) uses the
characteristics of text on a flat panel display to encode gradients in texts. This
method improves text image quality and readability. In the same compression
ratio, the proposed method is tested to prove that image quality and
readability is better than those of the previous compound image encoding
method.

Compound image has characteristics which are simple movement and less
noise than natural image. These characteristics make it possible to use less
complicated motion estimation than natural image motion estimation. This
paper uses these characteristics to propose block based motion estimation
which classifies the type of image first and merges same type of blocks to
simplify motion estimation. Group-based motion estimation is proven to

require less search areas and computation time than previous methods.

Key word : sub-pixel gradient, text coding, group motion estimation, text
compression
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