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Abstract

This paper studded the effect of symmetry mapping process on the
compression parameters of the fractal color image compression by moment
features was studded. Feature of moment utilized to reduction the symmetry
mapping from 8 to only one. The operation of reduction is achieved by using
predictor to symmetry mappings; the predictor will predict specific symmetry
mapping according a specific feature of moments to one of eight. Such that eight
versions (blocks) are produced for each domain block, so this case needs 8
mappings and it requires more computational time. Our suggestion will directly
reduce the encoding time 1.8 times.
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1. Introduction

The field of fractal coding of
gtill image has become more and
more popular among the image
coding community. The initia
works of Barngly [1] and jacquin
[2] were based on sdf-similarity
within images. The image to be
coded is partitioned into non
overlapping blocks (called range
blocks), each of them being then
described as a  contractive
transformation is made of a set of
isometrics and a contraction of
the luminance profile to which a
constant is added. Saup [3]
represents selected studies about
the influence of isometrics on the
quality of fractal codes. Schebe
[4] analysiss the position of
isometrics in fractal
transformation.

The aim of this paper is to
studding the  behavior  of
isometric process and reducing
them from 8 to only one in the
fractal color image compression
using moment's features.

In this work the loaded RGB
color image was transformed to
YUV color space,. In order to get
an effective compression, Where
the (U, V) component are down
sampled [5]. Each component of
YUV was coded individually
using FIC (Fracta Image Coding)
method.

2. Iterated Function System(IFS)

Coding for Zero-Mean Blocks
The basic idea of PIFS
(Partition IFS) is partitioning the
image into non overlapping range
blocks. For every range block a
similar but larger domain block is
found. This research uses a fixed size
partitioning scheme, since it requires

less computational time than the
other [6].

For a range block with pixel
values (ro, r1,...,/m1), and domain
block (b, dy,...,dn1) the contractive
affine approximation of zero-mean
blocksis[7]:

re=sld, - d)+7 (1)
Where, the fractad parameters
become scale (5) and range average
(I') ingead of the conventional
scale (s) and offset (0) coefficients in
traditiona |FS mapping equation.

The scale parameter (s) could be
determined by applying the least
mean square difference {°) between
the approximated (r() and actual

(r;) value [7]:

»_ 1% 2
c? = mia=0 (rer) )
fc? _
_ﬂS =0 ....(3)

A straight forward manipulation
for equations (2, 3) leads to:
i1lm1

{—adr-rd
S:}m'ﬂ’ - ifs2>0
.I. Sd
fo ifsi=0
(4
e 2% 0
c? =s? +sgssi+2dr- —q din
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.. (5
Where,
2 1%, o,
S =—aq d°-d (6)
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3. Moment Ratio Descriptor

For image block f(xy); the
moment of order f+q) of a zero-
mean block (f), around its center
point (X, yc) isdefined as:

Mpg = aaX- 1y~ Tty f(xy)
.®

So, for the domain and range
blocks, the first order moments are:

K1 k1 _
Md(lo)=a a ()ﬁ - kc)(dij - d)
=0 i=0

o (9
Md(0,1)=é é(y, - kc)(dij ) a)
o ...(10)

M, (L0) = g g(x kc)(f -7)
o (1)
|v|r(o,1)=¢_k%_11 _g(yi k)l - )
o (12)

Where, My is the domain moment,
M; is the range moment; (,yi;) are
the x and y coordinates of (,j) pixd,
k is the block length and k. is the
value of x and y coordinates of the
center point, itis[7]:
k-1

K. > ...(13)

Now, let us consider the
following moments ratio factor R):

_M2(03)-m200)

M2(01)+M2(10)

So, the moment ratio factors for
domain and range blocks are:

MZ(O1)- MZQo)
Mi(1)+miQo)
(01)- M7 (o)

01) 1 700) ....(16)

L= ...(15)

M 2
I’
rT M 2
I’

It is easy to prove that the
magnitude of [R) factor is rotation
and reflection  invariant. By
combining equation (1) with
equations (11, 12), and substitute the
resultsin equation (16) it leads to[7]:

R, =R, —..(17)

This results implies that "if the
two blocks (range and domain)
nearly satisfy the contractive affine
transform (i.e.,, equation 1), then
their  moment ratio  factors
(Ry and R, ) should have similar

values. This doesn’t mean that any
two blocks have similar R factor
should necessarily satisfy the affine
transform”. This fact is utilized to
improve (speeding up) the range
domain search task. So, instead of
IFS-matching @l domain blocks
with each range block, only the
domain blocks  whose R
magnitudes are similar to that of the
tested range block are IFS
matched[7].
4. Symmetry mappings Process
In order to increase the size of

domain pool and, consequently, to
increase the probability of finding
the best (near optimal)
approximations for the range blocks,
each domain block is transformed by
using a set of isometric transforms
(i.e., rotation and flipping), such that
eight versions (blocks) are produced
for each domain block [8]. The eight
isometric  mappings are (identity,
rotation 90, rotation 180, rotation
270, reflection-x, reflection with
rotation 90, reflection with rotation
180, reflection with rotation 270),
(seetable (D).

The main disadvantage of using
the isometric mappings in the
encoding process is that more
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computational time will be required

to perform the extra matching

processes

5. Encoding Process
To implement this selective

search scheme the following block

indexing agorithm had  been

implemented:

1. Load BMP image and put it in
(R,G,B) array (three 2D arrays).

2. Convert (R,G,B) array to (Y,U,V)
array

3. Down sample the components U
and V.

4. For each color component (i.e.,
the origina Y, and the down

sampled U,V) do:
A. Construct the doman and
range poals.
B. For each domain block listed
in domain pool:

a. Determine its moments,
My(1,0) and Mgy(0,1) using
equations (9 and 10), then
determine its moments ratio
(Ry) using equation (15).

b. Determine the moments ratio
index vaue (Ig) using the
following equation:

Iy = round(Ry|XN ) -....(18)

Where, Nmax 1S number of Ry-
bins, it represents the
maximum  moments  ratio
index vaue, taking into
consideration that the
magnitude of ([Ry) doesn’t
exceed ().

c. Register the block coordinates
(posl) of the domain block,
and its caculated moments
ratio index vaue (g in a
temporary aray () of
records.

C. Sort the records of the array
(L) in ascending order

E.

according to their moments
index values (Ig).

. Establish a set of pointers P to

address the start and end of
each block of records that have
same index (I4) value.

For each range block listed in
the range pool:

a Determine its moment ratio

(R) using equation (16), and
the corresponding moment
index vaue () using the
following equation:

I, =round(R |xN,,,) ---(19)

b. Use the set (p) of pointers and

the temporary list {L} of
records, to match only the
domain blocks whose |Iq4
values equa to I,. In each
matching instance determine
the scale (s) and error (%), by
equations (4 and 5), for the 8
possible isometry cases. Each
determined vaue of §),
should be bounded to be
within the predefined extent |
Smaxs Srmax] -

. Compare the result ¥* of each

matching instance with the
minimum »’wn (updated in
previous matching instances).
If 5 is smaller than y°min then
set ymin = %, and register the
associated values of
(S5, ymPosl) of the

matched domain block as the
best IFS matching parameters.

d. In case that the new registered

minimum y?min is less than the
predefined threshold Enin)
then the search process is
stopped, and the st

(8;,Sym Posl ) is output as a
best encountered IFS match
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for the tested range block,
then go to step (4e).

e. Otherwise, dstart testing the
next domain blocks whose (q)
values are (I,+1) to get the
best IFS match, the minimum
threshold value in such case is
taken little bit higher than E;,
(i.e, it is taken En). If an
acceptable match instance was
not met, then the next set of
domain blocks whose (g)
values are (I,+2) should
tested. And so forth, till
reaching the domain blocks
whose moments ratio index is
(I:+W), in such case the
registered |FS code associated
with minimum error §mn) is
consdered as the best attained
match. The search window |-
W, I+ W] represents the
extent of IFS matching trials.

Output the set of IFS codes

(ig,i,,SymPosl ) for the
tested range block, and return

to step (4e).
6. Blocks | sometric State
Assignment

Table (2) shows the symmetry
mapping of the considered eight
transforms. In table (3) the symbol ¢
denotes the coordinates of the center
point of the mapped square block
(whose size is mxm).

For an image block I(xy) {xy|
01,.....,m-1}, its  first order
centralized moments are defined as:

3
iR
iR

HZ

1
QJo
wo?

(X, y)(Xx- C)....(20)

<
i
= o
x
i
RC)

3
3

L(x,y)(y-c) ..(21)

<
HI |
Qo
Qo

T
o
x

i}
o

By combining both equations
(20) and (21) with the eguations
listed in table (3), the relationship
between the new moments values
(M'10, M'01) of the mapped block
(using isometric mappings) with its
old moments values (M10, MO01)
could determined, table (4) lists
these relationships.

In this section, a new method
for block classification according to
its isometric state is described; the
classification is based on applying
three Boolean criteria, they depend
on the status of its first order
moments (i.e, M10, MO1). These
used criteria are:

1. IS|Myg| > [M,| or not ?

2. 1s|Myo|> O or not ?

3. 1s|My|> O or not ?

The use of these three Boolean
criteria on any block leads to eight
block states, as shown in table (5).
Now, if the relationship between the
new and old moment values is taken
into consideration when the block is
mapped by one of the considered
isometric mapping (see table 4), then
the relationship between the indexes
of block could be established (see
table 6).

The arrangement of the contents
of table (6) could be inverted such
that the type of transform needed to
map the block from certain isometric
state to other state is assigned, see
table (7).

6. Test Result

The developed systems have been
edablished using Visua Basic
(version 6.0) programming language,
and they work under Microsoft
windows XP Professional operating
system. This set of tests was
performed to study the effect of
symmetry on the compression
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performance parameters of the
reconstructed frame and using
moment feature to reducing type of
symmetry from 8to 1.

Symmetry Tests

These tests were conducted to
investigate the effect of each
symmetry operation [0-7]; two kinds
of tests have been conducted. the

first test full symmetry on
compression performance

parameters is used as traditional
method. The second test is utilized to
predict the type of isometric process
needed to be applied on the domain
block to ensure the best IFS
matching state with the tested range
block. In the second test the e apsed
time (coding time) will reduce about
8 times. Table (8) shows some
compares in time in two cases
(predicted process, traditional) in this
tests the coding parameters were
taken as shown in the table (7). In
the second tests were concentrated
on studying the effect of the
following parameters Frame number,
Block length, Jump Step, Minimum
Block Error, scde bits, offset hits,
Max Scale on the probability
distribution of symmetry operation.
Figure (1) shows the results of
applying these parameters and its
effects on the some measures criteria
like (MAE, PSNR, Compression
Ration and eapsed time). There are
large differences between encoding
time in both cases (Traditional and
predicted).
7. Conclusions

The use of symmetry predictor
causes a speed-up in encoding

process, and the use of moment
features prediction causes more
significant speeding-up in encoding
process. But, the image quality had
little degraded in comparison with its
level when the traditional method is
applied.
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Table (1) Theeight isometric transfor mations

Sym Equations Reaults
0.l dentity x¢= xcos(0)+ ysin(O) Loye=- xsin(0)+ ycos(O) X=Xx.y=y
1.Rot.(+90) x¢= xcos(90)+ ysin(90) © y¢=- xsin(90)+ ycos(90) X=y . y=-x
2. Rot.(+180) x¢= xcos(180)+ ysin(180) : y¢= - xsin(180)+ ycos(180) X=-xyt=-y

7. Ref & Rot. (270)

© yt=- xsin(270)+ ycos(270)

3.Rot.(+270) x¢= xcos(270) + ysin(270) : y¢= - xsin(270) + ycos(270) X(=-y ! y=x

4.Ref. at x-axis x6= - xcos{0) + ysin(0) : y¢=- xsin(0)+ ycos{0) X=-x . y=y

5. Ref. & Rot. (90) x¢=- xcos(90) + ysin(90) :  y@=- xsin(90)+ ycos(90) X(=-y I y(=-Xx

6. Ref. & Rot. (180) x¢= - xcos(180) + ysin(180) : y¢=- xsin(180)+ ycos(180) | x(= X :yt=-y
x¢=- xcos(270)+ ysin(270) X(=y y(=x

Table(2) symmetry mapping

Operation

No oper ations

Rotation-90

Rotation-180

Rotation-270

Reflection around Y-axis

Reflection with rotation-90

Reflection with rotation-180

~N|olua|s]lrv]k]lolo

Reflection with rotation-270

Table (3) The considered isometric mappings

ID Transform M apping Equations
0 No operation X' =X : Y=y
Rotation_90 X'=(x-c)cos(90)+(y-c)sin(90)+c=y
Y =-(x-¢)sin(90)+(y-c)cos(90)+c=2c-x
2 Rotation_180 X'=(x-c)cos(180)+(y-c)sin(180)+c=2c-x
y =-(X-c)sin(180)+(y-c)cos(180)+c=2c-y
3 Rotation_270 X'=(x-c)cos(270)+(y-c)sin(270)+c=2c-y
y =-(X-c)sin(270)+(y-c)cos(270)+c=x
4 Reflection X'=2¢-X : y'=y
Reflection with X'=(-x-c)cos(90)+(y-c)sn(90)+c=y
rotation_90 y =-(-x-€)sin(90)+(y-c)cos(90)+c=x
6 Reflection with X'=(-x-€)cos(180)+(y-c)sin(180)+c=x
rotation_180 y =-(-x-€)sin(180)+(y-c)cos(180)+c=2c-y
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Reflection with X'=(-x-€)cos(270)+(y-c)sin(270)+c=2c-y
rotation_270 y =-(-x-€)sin(270)+(y-c)cos(270)+c=-X

Where, c=(m-1)/2

Table (4) Thereationship between moments before and after the transform

Tran. D Transform Relationship

0 No operation M'10=M10 M'01=MO1
1 Rotation_90 M'10=M01  M'01=M10
2 Rotation_180 M'10=-M10 M'01=-MO1
3 Rotation_270 M'10=-M01 M'01=M10

4 Reflection M'10=-M10 M'01=-MO01
5 Reflection with rotation_90 M'10=M01 M'01=M10

6 Reflection with rotation_180 | M'10=M10 M'01=-M01
7 Reflection with rotation_270 | M'10=-M01 M'01=-M10

Table (5) Thetruth tablefor the eight blocks states

Block's Boolean Criteria

Class [Mao| > M| = | IMos| =

index [Moq] 0 0
0 T T T
1 T T F
2 T F T
3 T F F
4 F T T
5 F T F
6 F F T
7 F F F

Table(6) The Block's state indexes befor e and after isometric Mappings

old

New Class | ndex

Class
Index

(Nop)

R90 R180 R270 M

M+R90

M+R180

M+R270

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

Eng. & Tech. Journal, Vol.28, No.10,201(

New Technique For Reducing
Symmetry Mapping In Colored
FIC Based on Moments Features

Reflection+Rotation_270;

OTTT) | 6(FTF) | 3(TFF) | 5(FFT) | 2TFT) | AFTT) | TTF) | 7(FFF)
LTTF) | AFTT) | 2TFT) | 7(FFF) | 3(TFF) | 6(FTF) | O(TTT) | 5(FFT)
2ATFT) | 7(FFF) | (TTF) | AFTT) | O(TTT) | 5(FFT) | 3(TFF) | 6(FTF)
3(TFF) | 5(FFT) | O(TTT) | 6(FTF) | (TTF) | 7(FFF) | 2(TFT) | 4FTT)
AFTT) | (TTF) | 7(FFF) | Z2TFT) | 5(FFT) | (TTT) | 6(FTF) | 3(TFF)
5FFT) | 3(TFF) | 6(FTF) | O(TTT) | 4FTT) | 2TFT) | 7(FFF) | (TTF)
6(FTF) | O(TTT) | 5(FFT) | 3(TFF) | 7(FFF) | (TTF) | 4FTT) | 2(TFT)
7(FFF) | 2TFT) | 4FTT) | (TTF) | 6(FTF) | 3(TFF) | 5(FFT) | O(TTT)
R90= Rotation_90; R180= Rotation_180; R270= Rotation_270; ;M= Mirror or
Reflection;
Table(7) Therequired isometric operation to convert the block state
New blocks state index
0 1 2 3 4 5 6 7
0 0 6 4 2 5 3 1 7
1 6 0 2 4 1 7 5 3
Od =14 [2 [o [s [z |5 |7 |1
g;’f: 3 |2 |4 | [o [7 [z [3 |5
Index 4 5 1 3 7 0 4 6 2
5 3 7 5 1 4 0 2 6
6 1 5 7 3 6 2 0 4
7 7 3 1 5 2 6 4 0
0= No Operation; 1= Rotation_90; 2= Rotation_180; 3= Rotation_270; 4=
Reflection;
b= Reflection+Rotation_90; 6= Réflection+Rotation_180; 7=

Table (8) fixed coding parameters

Fixed(Default)Parameters | values | Fixed(Default)Parameters | values
NoBin(F-level) 200 OfsetBit (Y,U,V) 8
Window Size 1 BitScl (Y,U,V) 6
BlockL en 4 MaxScl (Y,U,V) 3
MinBIKErr(Threshold) 1 MinCIsErr 15
JmpStp (Y,U,V) 1
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Table (9) some compar es between Traditional and prediction methods

Elapsed Time(sec)

Tested Parameter MAE | PSNR | Comp. | Suggested | Traditiona
\M easures Ratio | Predictor I
Frame number 6.7 26.8 9.06 99.4 788.8
Block Length 8.7 26 16 157 910.5
Minimum Block 8.6 26 9 141 813.6
eror
Jump Step 8.9 258 |98 64 650
Offset Bit 10 25.1 9.6 179.8 799.7
Scale Bits 8.7 259 9.3 1414 8125
Max Scale 8.7 259 9.1 126.6 722.8
# of frame Test Block Length Test Minimum error Jump Step test
Test
10 14 8.6 94
g F MAE & FrmNo " ?IKLen& IAE 858 [ MinBE&MAE 02 JMPStPEMAE AT
wh E w 10 E 1,8.56 g 9 /
£ S gt -+MAE 3, a8
0 4 » 4 6 8 8.5 8.4
0w Frzaomea;\loumégr 00 Block Lenght 1 MinBE 4 1 szpS[p 3 4
30 30 26.4
PSNR&FIMNo 25 b 5o [ MIMBERPSAR 25p £ IMPSPEPSIR
gzczs E P\ v 28 F x 26 l‘
Q2 §z7 £ Ezss
z BlkLen&PSNR % 256
0 0 20 30 0 0 60| “ ‘ * ‘ 54
! Frame Numb:r s : é\ock LengEhS 8 1 2 MinBE 3 4 1 2 JImpStp 3 4
o1 40 9.2 108
i, /0\ /\ER&F' No " BlkLen&CR / MinBE&(R 104 | ImostgecR /
§ . ——CR 90 « 88 10 /
EB% 10 Tl i 96 mal
92
89 0 ) . . ‘8 8 . 8.8
0w Fzrgme?v%mhg? 06 Block Lengh ' 2 MinBE s ¢ ! szOStp 3 4
110 g 300 200 MinBE&ET 20 ImpStp&ET
E100 225 o BlkLengET 1o ET i
= — 120
s - o 160
290 wis0 ~— 80
w ET &FrmNo 75 140 "
80 TUPIR 0 “*Er‘ -— 0
" e ] 2 e Y T b e f

Figure (1) results of sample of test encoding parameters
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