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ABSTRACT

In this paper, a hybrid color image compression is introduced, it is based on combination between spatial and
frequency domains of interpolated base along with mixing of different quantization techniques. The test results
indicate that the suggested method can lead to promising performance.
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1. INTRODUCTION

Today, compression plays an important role in the transmission and storage media. The main aim of image
compression is to represent an image in the fewest number of bits without losing the essential information
content within an original image data [1]. In general, image compression techniques are categorized into two
main types depending on the redundancy removal way, namely lossless and lossy. Lossless types techniques
are characterized by their simplicity and no loss of information allowed (the reconstructed identical to the
original data), that utilized the statistical redundancy only with low compression rate, such as Huffman coding,
Arithmetic coding, Run Length coding and Lempel-Ziv algorithm. While lossy types techniques are
characterized by degrade image quality (the original data cannot be reconstructed exactly from the compressed
data there is some degradation on image quality) that utilized the psycho-visual redundancy, either solely or
combined with statistical redundancy with higher compression rate, such as Vector Quantization, Fractal, JPEG
and Block Truncation coding. Review on various lossless and lossy techniques can be found in [2-7].

Color images usually decomposed into Red (R), Green (G) and Blue (B) color bands that are highly correlated
[8], so that it may contains a lot of data redundancy(s)and requires a large amount of information that affected
storage space and transmission rate, thus data compression become an urgent requirement [6]. More details for
color image compression techniques see [9-15].

Currently, a number of researchers have exploited the polynomial technique to compress images due to its
simplicity, symmetry of encoder and decoder and high compression rates can provide where no need to extra
information to be used, just identify the coefficients and find residual [14-20].

In this paper, a hybrid mixed interpolated color image compression technique is suggested that integrates the
combination between discrete wavelet transform and polynomial coding, along with the mixing between
thresholding techniques of hard and soft base. The rest of the paper is organized as follows, section 2 contains
comprehensive clarification of the proposed system; the results for the proposed system and the conclusions, is
given in sections 3 and 4, respectively.

2. THE PROPOSED SYSTEM

The steps bellow explains the proposed system clearly, and the system structure is depicted with Figure (1).
Step 1: Load the input uncompressed color image | of BMP format of size NxN, that unfortunately quite
overburdened with spectral redundancy.

Step 2: Separate the color image into its bands (g, lg, Is), each of size NxN corresponds to high resolution
images of high correlation.

Step 3: Apply the interpolation techniques of nearest neighbor base of two layers of Ig and Is images, hamely
create the medium and low resolution images lg1, ls1 and lgz, Is2 each of size (N/2xN/2) and (N/4xN/4)
respectively.
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Step 4: Use the polynomial coding techniques of linear base [15], for the compressing red image (Ir) and the
interpolated shrinked images of low resolution base from the step above, lg, Is2 that simply involves the
following sub steps [11]:

i Partition the images (Ir, ls2, Is2) into non-overlapped blocks of fixed size nxn, such as (4x4) or (8x8).

ii. Compute the linear polynomial coefficients according to equations (1-3).

n-1n-1
1 h-in-1 nz_lnill G (i 7e) L Zlbandsi, )x(i-Yc)
a0 =—— 3 Ylpandgi i)-eeeeee (0] L Zlbandslh Dx(-%c _1=0j=0
bands ;o j=0 b ands- i=0j~0 = (2) ahands O —CT [©)
M e T3 (-y0)?
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i=0j=0 i=0j=0

Where ap pands , coefficient corresponds to the mean (average) of block of size (nxn) of input image bands |
bands Where | pands have three bands (red, green, blue). The a1 pands and az pands coefficients represent the
ratio of sum pixel multiplied by the distance from the center to the squared distance in i and j coordinates
respectively, and the (j-xc) and (i-yc) corresponds to measure the distance of pixel coordinates to the block

center (Xc, Ye) [10]&[14].
n-1

iii. Quantize/dequantize the estimated coefficients above, using the scalar uniform quantization process
with different quantization step of each coefficient.
a0bands
QSa0bands

abands
QSa1Rbands

azbands )
QSa2bands
Where agbandsQ apbandsQ apbandsQ OF image | that have three bands (red, green, blue) are the polynomial quantized
ValUES, o5, ands Gsamands osazvancsQT€ e quantization steps of the polynomial coefficients, and ,aasn apandsn appanaso A€
polynomial dequantized values.

a0bandR =round( ) - abands =a0bandR x QSaObands----6)

alhand{ = round( ) - alhands =alhand{ x QSalbands------(6)

a2handqQ =round( - a2handdP =a2bandR x Qazhands---- ()

iv. Create the predicted images | of image | where | have three bands (red, green, blue) using the
dequantized polynomial coefficients of each encoded block representation:
Tbands=aghanddd +a1bandsD(j — Xg) +a2handdP(i = Y- --wrrerremrmreese ®)

V. Construct the medium layer of the two interpolated lower images using the enlarging process of
nearest neighbor interpolation, such as:
a- Build the enlarged image Inmed[le1] and Inmes [Is1] of medium size resolution 128x128 from the
predicted images Igoand Igo of size 64x64.

b- Find the first residual image as difference between the original shrinked images of medium resolution
Iciand lg; and the interpolated one from the step above see [21].

eG, =lg, =My [lgr v v, (9
eB, =1lg, =Ny [lgi ] e (10)
Vi. Compute the prediction error as the difference between the original red image Ir and the predicted red
onelR.
ReSR(, )= IR G )~ TR D)oo (&)
vii. Use the discrete wavelet transform of resultant prediction error & difference images from the steps

above (5b and 6), where the residual images is decomposed into approximation and detail sub bands
Resg, eG1 and eB; each of size (N/2xN/2).
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viii. Quantize the approximation and detail sub bands differently according to its importance, where for the
approximation subband (i.e., ResgriL, €GiLL, €B1iL) the scalar uniform quantizer /dequantizer adopted as
in equation (12). While for the detail’s sub bands (i.e., Resrin, ReSruL, ReSrHH, €GiLH, €Gi1HL, €GiHH,
eBirn, €BinL and eBinn), partition the detail’s subband into nonoverlapping blocks of fixed size nxn,
and performs the soft & hard thresholding (see equations 13&14 ). For more detail about the
thresholding techniques see [16,12] & [22].

Res|

bands
Re spands | | Q= I'Ouﬂd(sil‘") — Respands D = Re sbands | Q x QSRe Spapqgy 1 vvveeers cvvererscoverre .12
QSRe Spands

Sign(Re shands|_H )(‘Re shandg H ‘ —ThresoldbandsLHif ‘Re shandg H ‘)

Respandg HQ :{ ThresoldRLH............. (k)

Oelse

if .
! ‘eGiba”dSLH ‘> ‘ThresoldeGybandsLH ....................... (14)
else

9GlbandsLHQ:{261bandSLH
iX. Apply the inverse wavelet transform to reconstruct the red image, the medium green & blue images lg1
and lg; constructed as a sum of interpolated one Inwed[lc1] and Inmeq [181] along with the dequantized
the first residual, such as:
1G] = InMed!G1]+€GID......ocmvvninnee 15)

1B = InMed[IB1]+€BID.......cccrvvinnns (16)

Step 5: Build the high resolution images for green and blue bands, by applying the same steps in 4 above using
the medium constructed layers, that start by creating the enlarged image Inug[lc] and Inug [Ig] of high size
resolution 256x256 from the approximated image lg: and Ig: of size 128x128. Then find the second differences
between the original images of high resolution for the green and blue Ig, Ig and the interpolated

G0 =1G — INHgtlIG1l-wvvvvvmrens 7

eBp = 1B — InHgtlIB1].vovvvrviiens (18)

The wavelet transform used for the differences images above, also the same quantization process is applied for
the approximation and details sub bands using the hard thresholding techniques.

Q= d(i(E pand L)—> band. D = bands | QxQS
=roun 0 L G, bandy =eG, bandg x
?SeGobandiL ¢ - ¢

eGopandsLL eGobands |

if

Q= eGObandsLH eGobandSLH‘>'ThresoldeG()banclsLH ...................................... (20)
0

€GopandsLH
else

Step 6: Encode the compressed information of quantized coefficients, quantized sub-bands and quantized
quadrants residual using the Lempel-Ziv coding technique.

Step 7: Reconstruct the color decoded image i, j) , by firstly applying the inverse wavelet transform of each

band, also the red image reconstructed according to equation (21), finally all the bands combined to reconstruct
the compressed or decoded image according to equations below:

()N M (R ) R R CE DN () F (22)

IG (i, J) = INHgtI1G] +eGOD.....ccooevvvvvvnn 22)

IB (i, i) = INHgt[1B] +€BOD.....ccccorvvrr. 23
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Figure 1- The proposed system structure.
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3. RESULTS AND DISCUSSION
For testing the proposed system performance; three standard color images of size 256x256 adopted (see Figure
2), the block sizes of (4x4) is utilized. The quantization coefficients of polynomial technique of red band and
for interpolated shrinked images of low resolution for green & blue image of size 64x64 was selected to be
1,2,2 for (a0, a1, a2) of I image. Also the quantization level of approximation detail subband (Low Low) was
selected to be between 2 and 70. While for the detail’s sub bands (Low High, High Low, High High) performs
the soft & hard thresholding as shown in table (1).

The compression ratio, which is the ratio of the original image size to the compressed size is computed, along
with the Peak -Signal-to Noise- Ratio (PSNR) between the original image | and the decoded image i was
utilized as a fidelity or degradation measure.

(maximumgray scale of image)®

PSNR(dB) =10 log,[ o | O (24)
1 N-IN-1 .2

MSE = NN S T ) =130, DI, 25)
*Nj=0 j=0

Figure 2- Overview of the tested images (a) Lena image, (b) Girl image and (c) Baboon image, all images of size
256x256 colour images.
The results are shown in table (1) summarizes the compression ratio, PSNR and quantization levels used for the
three tested images.

It is clear that the quantization level of approximation band of red image and the interpolation technique for the
green & blue image along with threshold values of hard and soft techniques of details sub bands of R,G,B
affected the performance of the suggested technique in terms of compression ratio and PSNR, where small
values means small compression ratio and high PSNR, and vice versa.

The results also showed that the amount of compression, namely compression ratio is directly affected by the
image characteristics or details, where in Lena and Baboon there is great variation of complex details that imply
low compression ratio compared to small variation of low details image of girl image.

It is obvious that the interpolation technique aims to decorrelate the image spectral redundancy of color image
bands. Lastly, the utilization of discrete wavelet transforms leads to improve the compression ratio and quality.

Figure (3) showed the compressed tested images using 1,2,2 quantization steps of coefficients for the red image
and the wavelet transform for the quantization step of residual red image then quantization step of the
approximation subband (RLL) was selected to be between 5 and 70 and for the details sub bands of soft
thresholding, while for green &blue images using interpolation technique then wavelet transform then
quantization step of the approximation subband (GLL, BLL) was selected to be between 5 and 70 and for details
sub bands of hard thresholding. The quantization step and the thresholding value affected both quality and
compression ratio (CR), where for small quantization steps values low compression ratio achieved with high
image quality, while for large quantization steps values high compression ratio achieved with low image
quality.
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Table - 1 Comparison performance of interpolation with hard & soft thresholding proposed technique.

Teste Block Size of 4x4 and Quantization Block Size of 4x4 and Quantization
d Coefficients of 1,2,2 Coefficients of 1,2,2
Imag | Interpolation with Hard &Soft Thresholding | Interpolation with Hard &Soft Thresholding
e and interpolated technigue with details and interpolated technique with details
subband Ry 5=20 G15=20 Byrg= 20, Rz =40 subband Ry =40 Gy5=40 Byz= 40, R =60
Gm=40 By = 40, Rgg=60 Gug=60 Bgg= 60 Gz =60 Bgp= 60, Rgg=80 Ggg=380 Bgg= 80
Rir Gio CR PSNR Rir Gio CR PSNR
Bro Bro
Lena 2 4. 6316 30,4212 2 5.3693 29 8816
10 57293 303735 10 69002 29 8423
70 7 4155 292204 70 95127 28 8722
Girl 2 5.7032 32,5432 2 6.5020 31.9842
10 7.4259 324599 10 88370 319127
70 10.2304 30.7594 70 13.2245 30.4439
Babo 2 27498 264306 2 3.2014 259665
on 10 31324 264217 10 3.8525 259595
70 3.6797 260374 70 47141 256815

The proposed techniques utilized the hybrid mixed of interpolated base between color image bands according
to bands importance, the results shown in this paper are promising in terms of the and quality that would be
increased by incorporation the color transformation techniques.

- |
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Figure 3- The compressed images using the Interpolation with Hard & Soft Thresholding techniques.

Interpolation with Hard & Soft Thresholding with details subband of RLr=20 GL1=20 BLr= 20, RnL=40
GHL=40 BHL= 40, RHn=60 GHH=60 BHH= 60

a- Approximation Subband (R Gi. Bi) with Quantization Residual = 2 and Quantization Coefficients =
él—zibproximation Subband (R Go BiLy) with Quantization Residual = 10 and Quantization Coefficients =
iiziﬁproximation Subband (RiL G Bii) with Quantization Residual = 30 and Quantization Coefficients =
cljizir;proximation Subband (Ri. G Buy) with Quantization Residual = 50 and Quantization Coefficients =
ii{ﬁproximation Subband (Ri. G Bur) with Quantization Residual = 70 and Quantization Coefficients =
1,2,2.

Interpolation with Hard & Soft Thresholding with details subband of subband RLn=40 GL+=40 BLn= 40,
RuL=60 GHL=60 BxL= 60, Ru+=80 GHn=80 Brnn= 80

f- Approximation Subband (R GiL B1) with Quantization Residual = 2 and Quantization Coefficients =
éiz,fp;proximation Subband (R. Gui Brr) with Quantization Residual = 10 and Quantization Coefficients =
ﬁizfﬁproximation Subband (RL Gui Brr) with Quantization Residual = 30 and Quantization Coefficients =
il-,if)broximation Subband (R. Gui Bii) with Quantization Residual = 50 and Quantization Coefficients =
jl—,zAzﬁproximation Subband (R G BiL) with Quantization Residual = 70 and Quantization Coefficients =
1,2,2.
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