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Absiract

This paper aims tn investigale the performance of g sugpested waveler based image compression
syslem. The schome ol te proposcd system utilizes 947 hianhoponal wavelel transloos 1o decampose
the image sional, then uses DCT and quadtree coding Lo cempress the approximars and datail subbands,
respestively, A hierarchal quantizauinn scheme was app.ied w0 reduce the numbur of bite reguired o
encode he wavelel cocfhcients, According to their visual imperlanes, quadires cocoding was utilized as
a further s1ep to envode thy quantized wavelot costTreients The tast resules indicate thut the proposed
cannpression scheme shows gond performance aspects.
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Introduction

Compression is the process of oliminating or
saving in @ shart form the data that i duplicated or
thil have nr value, Mosl iinapge file forimats vso
ermpression hecause image Moy end o be larsce
ard econsums large ameounts of disk space and
transmizsion time over nenworhs.

{tver the past fow yvears, a varery of powerful
and  sophisticated  wavelel-based  schemes  for
image compresgsion, have been developed and
implemented. Because o the many advanlapes, The
top coatsnders in the upcoming JI'EG-2000
standard [1] are all wavelet-baged compression
algorithims, It is a replicemad for the JPEG
algorithm, developed by the 150 JPEG group in
2000, It providezs  for  lessy  and  lossloss
compression, and wses wavelet comprcs- sion o
achieve higher compression rales wilh a lower
corresponding reduction in image quality [2].

LThere arc maoy Foatargs that ars present in
Niscrede Wavelat Transfoom (TIWT) hut ool in
Liscress {2asine “Fransform (THET) thar make the
uac of DYWL dosirable for inags coopression [3];

Firyl, an uncombiticnal basis canses e siee of

the expansion coefficients to drop off with j and k
for many signals. Sinee wovelet expanzion nlso
wlhows & more wesorale Jooal deseription aod
separalion ol signal charwcteristics, the DWT i
very efficient for comprassion,

Second, an infinity of different wavelets
creates a flexibility 1o design wavelers to fit
individual applications.

Proposed System Layout
Fimere (1) presents the layout of the proposed
compression syslvm, it consists of the following
steps:
L. In the first =tep, the image data iz
docornpused e (RGHE) celor components,
then they transfonned fo another color demain
fie., YUY Color model).
Far ¥-compenent enceding:
a The ¥  band s transformed  nsing
Biarmhogonal Wnvelel namsiorm {Lap 4573
b. Apply e hizrarcla ]l quantization.
¢, Ferform bleck ceding {ie, the guadinee
gncoding) on each sub hand separatels,
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Fig. (1) Black diagram of the
proposed systcm
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3. Yur Y-componenl, cncoding:
& The ¥ band i tansformzd  using
Biorthogonal Wavckal trams lorm (tap 9073,
oo Apply the hivrarchal quartization,
<. Perlomm bleck eoding (e the quad tree
2acoding) on each snb tand separalely.

A. For {1.,¥) Encodiog:

A, Down sample the TF and ¥ bands using the
average metlund, This 75 die b the et that
companents U snd W hedd 10% of the
whole  image  information,  and  the
recuction in their spatial resaluilon sauss
insigmifieant subjeclive distrtions in the
eolor jnage.

L. Then, the down gampled U and ¥ hands
ale tanslomed by usiog disercie cosing
transform {DCT.

Use the nos-weiform guantizodon to
quantize the resnlted vupot rom the THIT.
d. Bawn gample inoarder ro minimize nwm ke
of hils reeded o store U i

Use the gumidiree encoding method 1o
stare the array, and then save the rosult in
the file,
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The Color Transform

B ix 4 omye-e-rme rransfarmation, applivd 1o e
input (RAFBY bnoge data. The wansformaticn
ot s an nage representalion which is oo
amenahle 1o efficient comprossion Lhan Lhe mw
data fmags |1).

The color teansforie is wilized in imags
cotnpression schemes, becausy i1 helpiul to reduce

the speotral redundancy, alsa it cxplaits same ol

the characleristics of the human visien systom to
inprove the compression perlomnanca.

Many comprcssion standards comvant (B 43,1}
bands 1o (YWY Doods. Io this kind of zaloe
model; more thun 90% of the image infunmative
are coneentruled nto the band (Y7, the remajning
information will be in the olher tan hands,

Aller applying the color transfonm, the Lidelily
cridenia; the mean square cror (MST) and peal
stenal o neise rado (PANRY wore defermined 1o
ussess  the  overall  eror cansed by ths
wanstormarion. The walugs of buth criteria are
{MSE=0,0129; PSNR=687 dR), when the
"horses ' image, shown in Fipere [(20), was msed.

Down-Sampliog

The poal ol this step s ro reduce the 17 & W
Baruls stzes to quarter {23%:) al Unsir oripgina sives.
fand it s dene by replicing each feur pizsls by oac
puiel. whose value is the averars o0 e four pikels,
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In the image decoading phuse. the retrieved
reduced U &V subhands ars snlarged 4 times: this
eniargernent is done by doplieating cach picel in
the e [our times.

The walnes of MSE and PERR duc to color
vaslormn and down sampling processes were
daternmined  wmd  they  found 2359, 44592
respectively.

THaerete Cosine | ransForm (THCT)

JFEG compression  standard wses DOT to
commress the unspe dala, slter pactinoning #t ince
hiscks {Bx® pixchs). Uhis compression seheme
thseurdy the trivial {smalll high frequency infanma-
tien in order 1o achieve compresziog, ‘The mare
you o eamprass the image, the more reqesncy
inforgiation s discarded. Radical wompression
leaves enly the most hoperlanl inlarmatiow, which
conveys the essentials of the image, bor locscs
much of e subtlely that makss a pleasing
COTTINIE o jrmee [5].

1ke errur due 1 color mansforn, and DOT
application on the U and ¥ bands is deseribed by
the meawires MSE and PSNE, their determined
valucs are found 0,501, 51.04 dR, respoetivedy.

DCT Coefficients Quantization

Cuannization s the process of reducing the
number ol hits needad ta rgpresent U Lransormed
cucllivients by reducing the precision of those
valuzs, Sinee  Lhis process 058 manv-to-onc
mappiar, it i a lossy proccss and is the medn
suaree ol somprassion in the encoding patk [0].

A quaniieer van be specified by itz input
partitions  and  outpur  levels  dalse ualled
reproduction points), If the input range is divided
into lewels of equal spacing, then the guantizer is
lermed a2: a oniform quantizer, and if nat, it 3
lermed a5 2 non-uniform quaediser,

In this worl, the uniformt gquantization was
dapptied, the quantization step (0 of the DCT
cocfficicut. whose iodices are 1 and j, 3
detarminend by the followmyp sguation:

i arfi+ j)
&
whore, or — ] or 2,
r=[™l,.,5) sand
s34 6 ar 8

The BASK and PENHE values, listed in able (1),
were  determined after  apphying  the  color
transfiorrs, down sumpling, DCT. and quantizanon
with Jillierent cr and o values,
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Tuohle { £y ICT quantzaton cffcets

‘@ | r | MR | PSNR{IB)
65! 1 7 28l 43 83

| 1 Z.6RY 43 84
2] 283 1361 !
T ] 313 . A13l6

1 1 | 3510 47 63

5 01 [ 4337 41.78
05| 2 | 2.75% 43,72
1 2 | 2854 2143
2 | 2 [ 37 42.45
[ 5 [ 2 | 5997 | 4035

4 | 2 | Boss 33.50
512 " 10938 37.74

Biorthogonal Wavelet Transform

Wavelet wansform transfors, iteratively, ous
signal e lwe ur more [Mered and decimated
stponls  carresponding e differenl  Teguency
subbands. A group ol Lanslorms  eoelficienly
resulting from the same sequence of low pass anmd
higl pass filtcring operationz, both fwrizontally
and vertically, are called szhhands, The mober of
devoinpositivas peclommed on oripinal imnge to
ol subbaods s culled sebband decomnosition
leve).

After applying ihe color  transform, the
produced ¥-band was decompesed by wsing the
bicrthoranmal 97 wavelet trans formn tree hisrarchal,
se Ttpure 2. The effect of the number of transfarm
pas=ca (1. 2, and 33 on the MSE and PSNR waore
deterotined, and the resulis talulated in table (2).
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Fig. (2) Wavclet Sabbands

Tahle (2) The cffcet of wavelet transform
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Wavelet Coefficients Quantization

The unifomn quantizer can be easily specified
by it lower bovmd and step size. Also, the
implernentntion of oniform quanrieation iz casicr
than non-uniferm  quantization, Tn this work, &
hizrarchal guanlization s applied oo all the
detailed sub-bands.,

The MSE and PSKR wene dotermuined allor
appbring the celer transforny, down sanpling, TCT
Illowed by guantization {with different o« and
e} applicd cpon U and ¥ subbands, and wavelet
(tap %7y fellowed by guandization applied on Y
subband. The results are [isted in table {35 The
best compression regults for U and ¥ oare obtained
when || bits aze nzed 12 encods both U and V.

Table (3) The compression reswlds of Lhe Y-land
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Tablz (4} lists the final eomprossion mesulls
uller vombining the comprassion results of the Y-
hand {after 3 pagses), with tose [or U and V. As
shivwn im the table, the parameters listed Inothe

rew shove lost tow scem i he hetter e he
adopted, wheee the number of bits nocded 0 be
uged to enende the 1T and W hands are § Bits, and
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the momber of bits nesded o0 stoe (e 11T,
subband iz § birs.

The numbers of hite necded Lo be used to stoe
the compressed lile are somimaricod in 1zxhla {57

Table (5) The suttable num ber of hits
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Quadtre: Encoding

Quadtree encoder has adaptive oalure and,
where the wumber of necessary compuiations
depends on the imape delails. Congider an

imape that is 2565256 in size and each pixel s
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the resnhiad detailed subbands of the Y-lund.
Table {#} livs dhe number of byl nesterd 1o
reprsscnt cacly delail subhand.

Table (6} Numer of bytes required te encodc
¢ach parl of figure Ya.

LI 173 byl
] Hl. 48 bvte
¥ -band T e -
11 &022 hvre
LI-bared 621 byto
W-band G20 byt

Zo, a comprezscd file with siee 7423 fie.,
KB byle was obtained, while lhe original
filc size is 197K 13 [compression ratio {CR) —
1:28).

Figare (3} shows some samples of the
COIMPression resulis.

leble (7) shows the original jnapre size,
PSNE. and the CR fow figires (3.0, (3.0). and
i)

. i ¢ lewell. MR e ] T — g . . —
one of 204 pray lovels. The image is patitioned Orininal |f)n,tz_uml | PENE | Resulted | CR
ulle  non-averfapped  sub-square  Blecks. Rach image ' Gizs e
block tnay he broken up into fomr equal-sized sua- =L ' : —

e S AT i 5 Thi Fig.(1a) 192KU 30037 |72ER 127

uarcs wlen 1L has some sor duili |71 This S - > s

: ; P : . Dig, (3. 192 K 324306 | 6.8 KD 1:28
process repeated, recursively, staning feom the = T =
whole image und condineing until reaching e Tig. 'J-F} | 192 KB_|_T"“'4G‘J"' 4.2 KB 130
smallest block size (e, 2x2 square] is reached,

The quatree encoding Jnethod is used ta store
Table (4) The overall compression resolts
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Fig. (3} Samples of compression Results

Conclusions

Fhe test results indicate that the proposed
image compression system works in efficient
ways. The use of DCT to encode the
decimated U and V bands is enough to
compress the U and V components without
making significant subjective distortion in the
chromaticity appearance. The use of wavelet
to encode the data of Y-band is necessary to
efficiently encode any possible high details
may appear in this band.

Also, the quadtree encoder is very useful
to improve the compression performance of
the Y-band, This enhancement is due to
sparse nature of the quantized detail
subbands.
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