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Student Mr. Khathavut Tongtar
Student ID 45061229
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Thesis Advisor Assoc.Prof.Dr. Fusak Cheevasuvit
ABSTRACT

This research proposes an efficient method to improve the quality of digital image
compression using Visual Pattern Image Coding (VPIC) in wavelet domain. Wavelet based
compression gives higher quality of the reconstructed image with high PSNR and less amount of
minimum mean square error compared to VPIC. However, its compression ratio is reasonably
low. Therefore, the proposed method combines the advantages obtained from both wavelet
transform and VPIC to achieve high compression ratio while preserve the quality of the
reconstructed image. The proposed algorithm can be separated in to three main processes. First,
wavelet transform is used to decompose the low and high frequency coefficients. Then, the LL
coefficients are reserved, while one of the high frequency sub-bands (HL, LH, and HH) is
selected based on its Standard Deviation (SD). The sub-band having the highest information
distribution usually contains proper edge information, which could be used to improve VPIC
algorithm. Finally, the LL and the sclected sub-bands are decomposed to obtain the result image.
The experimental results show that the proposed compression algorithm can achieve high

compression ratio while still maintain good image fidelity and minimum mean square error.
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a a = o o
Y3piinames lumsinszidygo
a o “ 5 b 'ﬂ ¢ A 1 .
s a , b dhdnnueddequay i, dunamesvilaniae(Unit Vector) i

&, . i g & H 4
Usqiinames (Vector Space : v) §1 ai +bj e v ud19z 1891 naweslaq Alszneuiusin

s & ] 4 o - s 3 (a’: ar 1 a o e‘c!y a 0’;‘
LIARMBDTIUUINUITHUIAIN TN DIUA ] l.la')i')ﬂmﬂ‘iuuUQﬂQﬂgiHﬂ'ﬁ'ﬂHﬂﬂiﬂﬂiU(v) AdUU

¥

s & ' g ' = " 'y . ' =
!.'Jﬂlﬂﬂ‘iﬁudﬂu?Uﬂiﬂﬁ']')‘i]xliﬂﬂ'ﬂl'llﬂul?ﬂlﬂﬂiﬁuﬂ'lu(BaSls Vector) LALTI9EWIITAN

¢ e Y1 fa v A . .
nameituandu 1ufevziFunnamesNug il lnia Hadduiugiu(Basis Function : b.f)
3

o d o [y 1 t: A_ [
uazdlantuiuguvesnamos Mragua1lu(inner  Product)iu 1¥u (i, ) udaiianilu
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o

' < v 1 @ ' e 4 @
auivz TANladFuiuguvesinaszuaaInuaniAosinenelia “orthogonal”  Hayd

u

' dﬂl s

o o @ Y A i‘J &4 o ar Af P wa
ﬂQﬂ'ﬁuwuﬁ"Iuilﬂqnﬂlﬂaiﬂ'lﬂﬁﬂmﬂ']ﬂiu@'Jlﬂquﬁ'ﬂuﬂu T RTRRTE FUNUTIUNUAMTUUA

¥
o =1 = 4

YA DINITIIUNI ﬂﬂ‘;ﬂﬂuﬂllﬂﬁ “orthogonal”

] 3
|

3
“ [ o U ' d o as
fnsanludnbuzyosdyaiueiniznann 1dn Ansuiugniludyanaiugiv

= as ¥

4 @ - - i A A
1an9 mmmmmﬂixﬂammﬂuﬂiqmmﬁﬂum“nmim aniumld U, sﬂuﬂaﬂwﬁumuﬂ

=] s as a o a n’:
iWueesmeueueanar C, uduilseanives U, wlddgain v laqiuszainse

Al A

4 : da v v o
ﬂixﬂaumumnﬁdﬂ‘uuwumuﬁaaﬁ’ﬂﬂuﬂnaaﬂummaf]iauﬂumﬁumi

v=Y CU,veV (2.6)

j=—0

< s ¢
243 ﬂ]ﬁ%!ﬂi12;""!!1.]1]“@'!f_l55ﬂﬂﬂ31ﬂﬁ3!sﬂﬂ‘“ﬂﬂﬂﬂilﬂﬂ (Mollat’s Multiresolution

Analysis or Mollat’MRA)

daa |

= L7 = =Y d'. =1 al =] o
ﬁlll‘malﬁ VJ, Lﬁﬂﬂigﬂﬂﬂlﬂﬂ’iﬂn J UaaIoNTSAUANNASIDUALAZITIUIUYD

il A . A a Jd e a . e i -
ﬁQﬂ‘h'uwuﬁ']u W%15m’lﬂiﬂvunﬂlﬂﬂiﬂiﬁﬂ‘i]ﬂ'nnaﬁl@{lﬂ ] ﬂquQﬂ‘Huwui'lu‘nﬂxﬂizﬂﬂU

as
3 ¥

s ar 4 é (‘:I 1 =1 C:I
fudludygramsdsznaves (1) o f(7) eV, FaFoniladduiugumaiiin Aeisu

3
=) 1

c‘& é o a { = 4 o 1 4 1 s
anadd(Scaling Function) Faiailuduanaiugudosaiandumisinaiaisgdunielu

o

v
@ 9 o

o [ =) s [ o o A
v, sazgiinnuddniunmolu ¥, @eadu dnfudeunsomvuamavesiladdumnads Tu

& o 1 o o 7w a df A (a a YN
menveamsidoudunuailuiuduvesiladfuanadsiuguiligi v, 1dde

o d
6. ()=d(t—k);ke ZZ waz ge L’ lav ZZ A0 15av0i 1AL
Taoi & seidludumuanisinaves ¢(r) uaazduazdigiidesves I2(IR) (lau
o a ] Py A ' ya o
Wuaveeduaueia) gnurngqu(Span) TasHansuainaauvaitiniivualay
° o o d

v, = span{g, (1)} dmMSunAT WAL k 910 0 1 —o0

Vv
@ o =

duiuszamnsodsznailasudyana 1) meluligi v, 1dde

fO =Y ad@):f)eV, @.7)

b4
. oW

A ﬂi - 4; ! o o = a o a o
umqmnmmnﬂmﬂauuuﬂawuagnmzﬂummamaummﬂiQu J H'U.G]Tﬂ[lﬂ’lﬂtl

dnvasquaiang f(x) eV, o fQx) eV, ;je 2Z wldin

f(x)eV, o f(2x) eV, tip j=0 2.8)
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¥ ] ] [
Wufefiszay 7, Tanwdiluaewivesnnudiiszdy ¥, dnvuzdenanions

v

a o o o q’: a o o { a o 4
ainanamvosmnan Ty ﬂquulcﬁﬂﬁ}ﬂﬁﬁlﬂﬁﬁGWQﬂTuﬁlﬂﬂil’lﬂﬂ‘lﬁ‘l’]]ﬁiﬂﬂllﬁ&iiﬁﬂu

o [ o A d’ P ar _ i = YA
fMumisvesilanduanadaiugunszdy j uaz j+1 laq@owiuaums’ldfe

@, (1) = const x (2’ t — k); const (2.9

const 1Wumsiivesuealadlanvuanadsiifaainmsaina(Scaling) MARIIN

auauiAveinenoadaiuiasfuvesiladfuainads Hvsannn

(@,0:8,) = [6,,(08,, ()t = 0k =1 (2.10)

4 o o o
NNAUNIT(2.10) 1o k=1 iumsmivinanseusiuoa ladunsdues ar1vuia

" W P 3
mdun oz 1an
2
J.{¢,,k Of dr =1 (2.11)
Maums(2.9) unuluaunms 2.11) tien1 const 32 1d1

jconstzgﬁz(Q’ t—kydr=1

27 const” [¢*(2 1 —k)d(2'1) =1
NAANNITR.11) 9219

27/ const® =1

const = 2%

NAUNTNER.9) annsaeu vy ldfe

8, (=27 $2' 1~ k) 1%

nnpuaulann V. ...cV, cV, cV,...cV, ansouaainguyealigi
td
@

namos 1aaail
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314 2.6 nananguuealgiinames

a < a a = [ o o
anadaflanduluilSoll v, swnsodoudmilounumssiunFaduvesilanvu
3

WUz 2621 —k) woa ¥, viufe
() = D h(k)J26(2 — k) (2.13)

o =Y q“ a o as
h(k) Ahuaadulszantamanailandu m11d0n @), 262 —k)) nazazion
— 1 = o= . . A o = ' = o
AT (2.13) auM oI FW(Recursive equation) MIDUIIATUIONI aum s WIeua
(refinement equation) WIoaums lamiu (dilation equation)
1ngUii 2.6 nwlunl3gii ¥, ailszneudinligi v, uazil3giiniludlszneu

ﬂﬂ‘;‘t’lﬂﬂﬂﬂ'ﬁ(onhogonal complement) Y84 V| fio W, ﬁuﬁa
v, =V, ®W, (2.14)
|,mztﬁaﬁmsmwmﬂmmﬁﬁﬁh v,ew, =V, wldn
V,=V,®W, (2.15)
vnquania close,, (U, ) = I*(IR); j € ZZ v'1aN
U=V, oW, ®W, ®... (2.16)

vudemoluiligiives ¥, sxilsznoudanligil ¥, uazdSoll w7, Tasfimungnly
= '

a -a ) 4 o w A o o a a o o
IERIT W, ¥sazepinonsranuanadsilandu luligil V, Guadinviaaflandu(Wavelet

function: /(1)) ﬁ&gﬂﬁ g7
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v chch

=t

W, LW, L, LV,

d’ s a:; v ::i (]
3N 2.7 uaanlIgiiTuAvnguragu

¥

weirtudn ¥, dluilSpiisuduiignudaqudtsainanailandu ¢ —k) dntuile
nnsanTwnuuanta V., ...cV, cV, c¥,...cV, wldhmnavenlsgiisudu
T UNITAUANNAZIBEAgUBY j =10
=V, oW, oW, eWw,®... (2.17)
A A = o .
nseNANUazBLAd1 j = -5
=V, 0W OW oW ®... (2.18)
wazt j = oo udwisuiuaunsne.17) wld
W_®..0W, =V,
A 2 1 v o ) a a
W f(t) e L (IR) wldn f(® ﬂxﬂsznamwnﬂmﬂﬂanﬁru“luﬂsqn W,
L v
Wufeeusadszinm £(r) ladail
SO=a,y,,©® (2.19)
J.k

P w a oda 1A a o {
Taof a,, Wudnlsza@ninGond AaasanvidansudresuowT) vos £(1)

o ¥ 3 =
aunsomuram lanms lsnagunielufe
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Ay = (Wj,k (I):f(f» (2.20)

Taeit g, , (1) Ronvhdailadduildninmsmna j uazmsideudumus & voavl

d [
1aal(Mother Wavelet: /(1) )
A‘-'i = = oa = ey =1 @ aoAa P ]
Wawnsannaums Usgil w, wlinuaniifdeg miloununligii ¥, v
1 ¢ o A 1 a a s q’: { o R
Wludannlszaoveasnenaiaiilszneveyluilipgil ¥, daiufiszduanuazidenla ()

= e | a <o by s v @ a =
llﬂzW%’]iﬂl’]ﬂﬂlﬁﬂUﬂlﬂHﬂuﬁtﬂﬁﬁQW\!ﬂﬂ)’u ‘l)zulﬂff‘llﬂ'ﬁﬂﬂﬁ'wﬂﬂﬁﬂﬂ'ﬁﬂ (2.12) i

z;/j‘k(t)=2%a,u(2ft—k) (2.21)

4 =1 J Y v a ad [ = Ju w o
iesnndiaamariivzegluliginudagulasmnadslandudalyl Wudoe

o @ w : = o o o
W, < ¥, wazluimeaduiduduaumsi (2.21) aunso@ounviaailadduiludnuuzve

. 3/
=} a =)

= ) a o ar =
HavINFaaUYRIANAaIlanFuN U (basic scaling function) ¥91/37il ¥, fAp
w(t) = h(kN29(2 —k)sk € 2Z 2.22)
k

.
a a

= o =] 7 o = v @ da
INTUNITN (2.22) ﬂglﬂul“ﬁﬂﬂlﬂﬁﬁnﬂizﬁﬂﬁ Uwﬂ'ﬂ'ﬂ\'}ﬂ‘h’u TﬂUNﬂ?1MﬁNWUﬁﬂUL“ﬁﬂ

wa:i 1

dulszdng wmnadsiladdu (h(k)) vinquandih V, @ W, =V, j € 22 3'1dn

@O, 0)= [¢ @O, Od =0 @2.23)

4 = 4 o e o o a o 2 o
1o ] k,leZZ INANMITN (2.23) ' ldnnuduiusvesdulszansnwidanons

nenauanudulszdndanannail
h (k) = (=1)*h(N =1-k) (2.24)
A o ¥ o a a
weo N Li‘luﬂmaqummwmﬁuﬂsmmmﬂaaa h(k)

VNV (2.17) Inaansoadefnsula snaavoaiansu ¢, (1) waz (1)

urinqu L2(IR) 92l

g0)= Y cg, 0+ SdG by, @) B8

k=—w Jj=0 k=—a0

74528
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NANNIN (2.25) 1uﬂ1‘iﬂ‘i$mﬂ'€l‘t§ﬂiu g(t) MoNUTAYDIAUM TILT UHAT LAY
=2 = o & = . N o w -
D9AAIBAM1 30T TZUNNEI (coarse approximation) ¥DI (1) FMTUMITIAY

1 . = = = ﬁ'. .3’ o v =) i
YOIUADY “lumanmrmfuzuﬁmmmmazmquawuazﬂzmimwa:tammawau“a

1
o oa a

) = 3 & o a d P A da A
(detail) AU milounuoynsuysis Tashaums (2.25) wwdend3niianadsiladiuiiona

G

7 lan Aldfe

g0)=3Co0)h 0, k) + S Y d, (B, , (1) (2.26)
k k

J=j0

s ¥V
a a

VINauMai (2.26) dulseand Masuneuamnsofiuaunnwaguniolufe

C,(k)=(g(0),9,, () (2.27)
d,(k)=(g).,,(t) (2.28)

@ A m" o = '
dulsednslumsnszargveaavliia 929ni5una1 Discrete wavelet transforms V04
g
[ g < d
2.4.4 mamdaanvlida lagl¥vanmsveamsdnizvivlame suuan (Filter Bank)
= '3 v Ao = @ s :iq = H =
mI3ams e nnIzauniauazdsage llfssduniinnuazideadinnaunss
o
1AD5HN

#(6) = > h(m)N2¢(2t —n) (2.29)

Y o & o " a 9 1
m“n1m';'ﬁmauasmauﬂmﬂuwaamuﬂsnmilz"lmi

pQ271=k) =Y (2422’ t - n))
pQ k)= h(mW2¢(2"*'t - 2k — n) (2.30)

alaoudnls Taold m =2k +n 921¢
¢t —k) = h(m-2k)N242"" t — m) (2.31)

d'l. o o =) o o Y
ifownsan ¥, luwihwesduiduduaums ¥, = spanig, (0} wldh
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i
V, =spany2/2 ¢(2't - k) (2.32)
safudh f() e V, WA

f@) = ¢, (022927 — k) (2.33)
k

a a o @ L] ] o as n‘:
nnauMs (2.33) £(0) wannmnadsfanduediuded bifiniaa M aniums

mnaﬁmmamﬁum’%m lidaduiudnsy
s e
fO)=c, (k)27 g2t —k)+ > d,(k)2"* 2/t k) (2.34)
k k

0 ¢, (1) uaz @, (1) iWueeinenetiany slddulszdniainadsiiszay

j(c, (k) szmldnnnaganiolufe
¢, (kX S(0),8,, (N (2.35)

diohaums 231 unuluaums 2.35) w1d

¢, ()= (2% 421~ )y
¢ () =(f 2" Y hm—2k W2 (—m)y  (236)

¢, (k)= 3 hm ~ 2k £(0).2" P 427"t~ m))
{orheums 2.35) foud (2.36) 9214
c,(k)y=> h(m=2k)c,, (m) (2.37)

° =t o v
uaﬂumumm gINu 5]3;"1?\

dj(k) = h(m—-2k)c,, (m) (2.38)
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a d LV .Y v
24,5 M3vlameINazNIIAAdAIINITIAIAIDE19I(Down sampling)
o aa o o = o o o
Tugluvumsilszuanadyaiuaiaoa msfames dyanaidudidy wldmsn

< Ve w Y o o s o
Ao 129 %1 (Convolution) 5¥MINAIAY (Sequence) AuEAYeIT ILIudI)TEAnidalawmes

e y(n)= Z]: h(k)x(n—k)

x(n) = Input sequence
h(n) = Filter coefficient

y(n) = Output sequence
wiodoumums (2.39) WoglugvosmsaouTigiuas 14
Y(n) = h(n)® x(n) (2.39)
vnauns (2.37) dedsuidegluglveamsnouTigiuny 13

¢, (k) = h(-2k)® ¢, (2k)

¢,(k)=h(=n)®c,, (n) ifo n=2k (2.40)
HasmueufuINUIL 19

d,(k)y=h(-n)®c,,(n) il n=2k (2.41)

Qt

a
NNAUMST (2.41)  waz(2.42)  dudsziand C,(k) waz d (k) wlddulszdans
A a = (Y] o L4 7w o o “e 9

C . (2k) dipwnsanivuniuvanmslamesuneniumsianes dyauainoand we
o a o o a Y o aa s
duilszansves h(-n) waz h (-n) Woulddudinlszdnivesdlamesnaatnea wazdd

v ) .
F(index) Auarasiudwuvosdyanuves C,(k) uaz d,(k) Tdnnmanouligiuiy h(-n)
- [T " (] [ | 1 [ [ [ M Aa o
N30 A (—n) 1AIFNAINI061AI2  INUTINIINITAAAININAIAIDUNHI DATINIADS

(Decimator) ﬁﬁgﬂﬁ 2.8
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X(n) X(n)/2

31 2.8 uaasdrydnual Down sampling

#1001 x(n) =a,b,c,d,e, f,...
x(n/2)=a,c,e,...

o o

Y o a o o o Y o o = '

M Idulszanivamesiinuiuiinavuia » uad adawesazisunn

= ar Ao a 5w 5 ' - o L4

m‘iﬂDU?TUE]QE]MWE\&T‘IMHﬂ(Fm:te impulse response: FIR) LAZILIFUNIINTADUTUDIDUW AL
1o @ . . o o e a o oA o To w
Tiisia (Infinite impulse response: IIR) s vuamdinlszanivamesiisau lidina

¥
@ e o

AUTUAINTDINNUAUVVATADANAZMTAADNTINTFNAI98 1z 1 uauns

w ' % ) w A
HazMmIMANMIveIdameIIRYe Ty INAIT1N 2.9

H,(=n)

e, —@—‘d"
—~( ="

H,(—n)

y o 4 o P ¢
z‘l.l‘?l 2.9 llﬁﬂ\iﬂ'Jﬂ‘iﬂ\iﬂ'ﬂllﬂﬁujﬂﬁﬂwmﬂﬂ‘imNﬂ

vngiilumsnsesdyanunionsuendygisi(Decomposition) C,, A3zal j+1

U u j+1

J
1 e a o 4 o . oW n’r’ o 4 ¢ o ' [
ldgdulsednd C, uazd, fiszdy j dniuduhamosueddenaimusndygiu

"
] q" =

" [ [ ¥
(dnlsz@nsmnada) Bne I Idcunaiine1udn wu Nauna ;-1 dagilde il

) d;

C}’-l—l

H[(—n)

_.@_.
2 )—+ 71

. v i -
U 2.10 uamsflamesuuanszdy C

H ()

2
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¥ ]
ey

aaiudideanisezm j, 1inszduge laslumalfiddyainlag ifideves

13 '
= =) ar

dyanudine wllszaugagan j=J ﬂ"'wmsxsumummsaﬁmuammmm:ﬂnmmm{é‘m

a

qa(high resolution) lumenyosduilszdng ¢, uazay sannziasllgszduanuazidoad

¥ =

(low resolution) j = j, ﬂauuwmmiwumaunmwnﬁmmm J=J, ﬂumami‘]umgﬂn

2.11

2 H[(%)v@_V’%EH C "
A v, @I_’@’_’WO

B €j-1

HA—{2)—"

2 5 4
3UN 2.11 uanansuendanui P,

a a

' ¥
ieannluilsgil ¥, szgauannszaedyanalildszan j =2 walulsgiivesana
A a a o o o i
a1 ¥, nanl3piivewnhan W, Tavangy h (-n) sziludinsessndyapunnuigamie
=1 9 o s = ] o o Qs a & o
onldnuszauanuazideage diudrflamesvesdinlszdnd A, (—n) vzniowondaaiu

o A o a o ) ] a Y =
ﬂ'ﬂﬂﬂﬂ'llliﬂuﬁﬂﬂiuﬁﬂ‘l&lmzﬂ'ﬁ?lﬂ‘i131’1“1\”’]11«!1’]“?]11!?\'31119 %3Llﬁﬂ\31ﬂﬂ\12ﬂ1’l 2.12

/8 /4 /2 T

‘i as Y =

gtl‘n 2.12 4N IHENTYYIUNNATUANUD
n’j o o Y
AuiudIMsy f(1) e v, HazNAUMIIE 1A

f@)=2c,(k)g,,(t) (2.42)
f@)= Zcri (k)féjvl,k (N + Zdj—l (k)¢,;-l,k (r) (2.43)



23

=208, 0

(Y] d:'l @ = 8 [ =y
2.4.6 ﬂ]‘5ﬁﬁ!ﬂ‘ilxﬂ’ﬂixﬂﬂﬂ‘ﬂﬂﬁ:lﬂﬂﬂﬂﬂ‘lltNﬂ’J'l‘lmzmﬂﬂq\i
& 3 @ A o Y 9
1u‘ljuﬂﬂ‘uﬂ'1§?(S'Nﬂﬁ‘]JﬂumﬂﬂTi’m'i'Illﬂﬂﬂ‘ix‘iﬂﬂﬂﬂﬂ"hl ’i]tﬁ'"l‘iJﬁﬂﬁ’iNvlﬂi]'lﬂﬂ'li
<o a o a o d o ° a
5731(Combination) ‘UEN"Wﬂﬂ‘b’uﬁlﬂﬁﬂﬂllﬁxﬁuﬂizﬁﬂﬁnﬂlﬁﬂ‘nﬂ31“?\3L5Uﬂﬁlﬂﬂﬂﬂﬁ‘wmim’l

o a = o o . £ o =
dyaululigiivesilanduszdvio j+1(/() eV ,,) Fmvesdyanmannindeuly

3/
o

mewvosdinada £, 1wl
UGEDYONUERCAE (244)
wielumeninlsznoudoilsdfunrian dail
f(t) = zk:cj (k)2% 62t —k)+ ;dj (k)2% P27t —k) (2.45)
Taounuauns (2.21) uaz (2.29) aslu (2.45)

1= e, hy (2" 42" 1 2k ~n)

3,0 b2 o2 -2k 1) (2.46)
k n

4 i | .
MNAUMI(2.44) TUNTAMIN ¢, (k) NMIYUAIY 2”A¢(2“'t—k) wla

€ (k)= (f(f)a¢j+1_k ) (2.47)

910 (2.46) unuaaals k dw m 9218
£ =S¢, (mY hy(m2" 242" 1 = 2m - n)

+3 d,(mY k(2" @ - 2m — n) (2.48)

910 (2.48) qunsoadundvau dulsednd o, (k) Tdiledmuald 2m+n =k

@
HUAD
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S0y =Y ¢, (m)S btk —2m)2" /1 427"t ~ k)

+3d,m)Y h(ke=2m)2" " o~ k) (2.49)

iiofinsanmmaguaeluveaums (2.49) fu 2/ (2"t k) 32l
[f(0).4 + L] =Y c,(m)hy(k—2m)+ " d (m)h, (k - 2m) (2.50)

Wafsuaums (2.47) fuaunms (2.50) 9z 1d

¢,a(k) =Y ¢, (mhy(k-2m)+Y d (m)h (k—2m) (2.51)

é L W (Y] o
2.4.7 Mm3vlamosuazmsminen M ¥na1A0e13(Up sampling)
as d a ar o ar = d ar (]
lumsduanzidygiundy szassiudwiunsinnzidyaadomusngaa
s = 1 a "\ ar ar U s 1 Ll 1 _y 1 é
pONIINAUNAZADIT TagiimsiiudasimsFnardreiialdianilu 2 misneunou 4

wihimsunsnmgudsennamenvesdyanudaaunsi (2.52)

Y(2n) = X(n)
Y(2n+1)=0 (2.52)

X(n) X(2n)

{ o W d a w o ]
U 2.13 uamsdydnualmsiiudasimsdasuiiu 2 wh

1INAUNT (2.52)  WnsanwasawveuazmenlugduunmisaouTagius sy

aumsi (2.28) uazaumsi (2.29) szdonId iy
€ (k) = €, () ® By () .2+l (K) ® Iy (), 2:53)

Tavl¥duls » dwalsIvdunudunls £ luaumse.s3) .ld
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cj+1 (n) = CJ (n) ® h() (n) n=2m +d; (n) ® hl (n)|n=2m (254)

o ° Y s 3 < E
VINTAUNITN (2.54) ﬁ‘lln'jﬂu]u1ﬁ51~11uaﬂﬂmZﬁalﬂﬂiill}ﬂﬂ ﬂﬂ,"lﬂ

ZAGDIES

—>C

Jj 1

H,( n)

31N 2.14 uanalaezunsuveamssnm lavldmdanmsvesilamesuued

o ar o o d a o i [ as - o
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Digital Image Compression using VPIC algorithm in
Wavelet Domain
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Abstract-This paper proposes an efficient method to improve the
quality of digital image compression using Visual Pattern Image
Coding (VPIC) in wavelet domain. Wavelet based compression
gives higher quality of the reconstructed image with high PSNR
and less amount of minimum mean square error compared to
VPIC. However, its compression ratio is reasonably low,
Therefore, the proposed method combines the advantages
obtained from both wavelet transform and VPIC to achieve high
compression ratio while preserve the quality of the reconstructed
image. The proposed algorithm can be separated in to three main
processes. First, wavelet transform is used to decompose the low
and high frequency coefficients. Then, the LL coefficients are
reserved, while one of the high frequency sub-bands (HL, LH,
and HH) is selected based on its Standard Deviation (SD). The
sub-band having the highest information distribution usually
contains proper edge information, which could be used to
improve VPIC algorithm. Finally, the LL and the selected sub-
bands are decomposed to obtain the result image. The
experimental results show that the proposed compression
algorithm can achieve high compression ratio while still maintain
good image fidelity and minimum mean square error.

I. INTRODUCTION

Several algorithms are proposed for digital image
compression such as Block Truncation (BTC), Vector
Quantization (VQ) and Visual Pattern Image Coding (VPIC).
BTC[1], [2] was first proposed in 1979 by Delp and Mitchell,
to compress monochrome images. BTC is an efficient method
for block correlated signals. It quantizes block data into two
values by preserving the first moment and the second moment.
The advantages of BTC are its simple computation, easy
implementation and fine edge preservation. The main
drawback of BTC is its high bit rate. VQ[3] was proposed in
1980 by Linde, Buzo and Gray also called “LBG” algorithm .
It separates an image into blocks (4x4 pixels), which we can
determine intensity vector of pixels. Drawback of this method
is its high complexity coding and low quality of edge image.

BTC and VQ are similar in that the image to be coded is
first partitioned into a large number of smaller sub-images or
blocks. Each block is then coded either by extracting certain
intrinsically high-information quantitics which are transmitted
in reduced form(as in BTC), or by marking a comparison
between the block and a set of preordained vectors or
“typical” sub-image, the index of the “closest” vector being
transmitted instead of the original block(as in VQ).

VPIC[4] was proposed in 1990 by Chen and Bovik. High
compression ratio with low computational complexity is the

main advantage for VPIC. However, the algorithm produces
higher minimum mean square error and lower PSNR
compared to other techniques.

This paper is organized as follows. Section II describes the
overview of proposed method. Section III presents applying of
VPIC. Section IV is experimental results and the final is the
conclusions.

II. OVERVIEW OF PROPOSED METHOD

In this paper, we presents the compression method applying
VPIC encoding with selection of wavelet sub-bands
containing 4 separated the frequency bands (LL, LH, HL and
HH). Only the LL sub-band is inversed with no modification.
One of the other sub-bands is selected based on maximum SD
value. This sub-band is used as input to VPIC. Then, the LL
sub-band and the result of VPIC are used as input to inverse
wavelet transform in order to compressed information as
shown in figure 1.

Original Image

b

SThu ST
v
Max (SDuu, SDuw, SDxr)

|

VPIC for Max SD Band

*[ Inv. Wavelet }‘J
.

Compressed Image

Fig.1 Show the overview of proposed method.
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I1I. IMPLEMENTATION OF THE PROPOSED ALGORITHM

In this section, we apply VPIC to encode image information
into binary blocks, and then each binary block is classified as
the uniform or edge block based on its gradient magnitude in
final stage.

A.  Image Coding

In order to reduce the computation time, in the first stage,
algorithm is initiated by separating image into sub-blocks (4x4
pixels). Then, the mean intensity of the pixel in each sub-
block is calculated as shown in (1). This mean value is used to
translate the intensity sub-block into binary sub-block. If the
intensity value in the pixel is equal or greater than the mean
intensity value, we assign the value of “I” to that pixel,
otherwise assign “0”.

4 4
Mean:[ Zz(a;)}us O
=1

=1

where I(i,j) is sub-block of image.

Next stage, determine the value of A.b;; and Ab;; of each
sub-block illustrated in (2) and (3) respectively to calculate the
value of gradient magnitude and orientation ZAb;, which can
be calculated using (4) and (5) respectively. The gradient
value is used to separate between uniform sub-block and edge
sub-block while the ZAb,; is used to determine the direction
of edge in each sub-block.

Axb;;= AVE{ I, 4i+2<n<4i+3,4j<m<4j+3}
-AVE{ I, -4i<n<4i+1,4jSm<4j+3} (2)

Avb,; = AVE{ I, 4i<n<4i+3,4j+2<m<4j+3}
-AVE{ I, :4i<n<di+3 4j<m<4j+1} 3)

where I, , is intensity of pixels in sub-block.

|VbL.!'= (Axb” +\Ayb, (4)
Ayb, .
ZAb, . =tan'| —2L
iJ [Axb,_,,] (5)

Ultimately, we compare the gradient magnitude value [Vb];,
with the threshold |V [1] to classify the class of sub-block. If
the |Vb|,; < |VI] , that sub-block is defined as uniform block,
and can go to image coding stage. Otherwise, it is defined as
edge block. The edge block is compared to 28 pattern blocks
to find the most similarity for the next encoding process.
Figure 2 shows the 14 examples of the pattern blocks.

B. Coding Analysis

In coding stage, the binary coding is constructed based on
the class of each sub-block from the previous stage. The
coding information composes of 6-bit mean intensity, 6-bit
gradient magnitude value, 5-bit number of pattern block and
1-bit sub-block type. Moreover, two additional bits called sub-
band ID are used to identify the sub-band, whose the SD value
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is maximum. Figure 3 presents the data format obtained after
VPIC coding. Table I shows the number of bits for each field
of the information coding.

C. Decoding Analysis

At the decoder, the class of sub-block is determined from
the received compressed bitstream. If the sub-block is a
uniform block, a 4x4 pixel block is created and the mean
intensity of each pixel is estimated. In contrast, if the sub-
block is an edge block, the pattern block that matches with the
information of that sub-block is applied. The mean intensity
and gradient magnitude value are used to calculate low and
high intensity value. The low intensity value is represented by
“0” pixel, high intensity value is represented by “1” as shown
in (6).

xH+yL=16* Mean (6)

where x is “1” in the pattern block number
y is “0” in the pattern block number
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Fig.2 Show 14 examples pattern blocks (a) 90 patterns;
(b) 45" patterns; (c) 0° patterns; (d) -45" pattems.
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Fig.3 Coding pattern of proposed method.
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TABLE 1
DETAIL OF INFORMATION CODING.
Uniform Block Edge Block

Block type 1 1
Mean intensity 6 6
Gradient 0 6
Pattern number 0 ]
Total 7 18

For example, we would like to find the low and high
intensity value of pattern block P1 as shown in figure 2.

Given
4H+12L=16*Mean (6.1)
From (5)
o], =(axp,, f +(ayb,, f
Where (axp, )= 27 =4L and (Apb;) = 0
k 8
2
|w,|_ = (MJ
i) 8
8|Vb;,| = 4H-4L (6.2)
Given (6.1)-(6.2)
16L = 16* Mean—8|Vb|;
16 * Mean -8V b|
L= (7)
16
Substitute L in (6.2)
16* Mean—12L
b= ®)

Equation (7) and (8) can be used to calculate the low and
high intensity value of P1 pattern block.

IV. EXPERIMENTAL

This section presents the experimental results of the
proposed compression techniques. The experiments are
conducted using the grayscale images of “Lena”, “Girl”,
“Baboon”, “Camera man” and “Woman with 512x512 pixels
size. The original images are decomposed using wavelet
transform. Daubechies 9 wavelet is used in this paper. The
wavelet coefficients of 4 sub-bands (LL, LH, HL, and HH) are
coded at 8 bits/component. Figure 3 displays wavelet
coefficients for all four sub-bands of Lena image.

As previously mentioned, the LL sub-band is preserved
without any modification. The VPIC coding is performed on
the chosen high frequency sub-bands, which its SD value is
maximum. At the decoder side, both information of the LL
and the selected high frequency sub-bands are used to decode
and reconstruct the result image.

For example, the SD values of all the high frequency sub-
band of Lena image is presented in Table II. The sub-band
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having the highest SD value is the HL band. Table III shows
the MSE of the reconstructed image using different
combinations of LL and one of the high frequency sub-band.
The minimum MSE also occurs in the case of the combination
of the LL and HL sub-band information.

Fig.3 Result of wavelet transform of Lena
(a) LL band; (b) LH band; (c) HL band; (d) HH band.

TABLE II
STANDARD DEVIATION VALUE OF 3 SUB-BANDS OF LENA IMAGE.

Band Standard Deviation

LH 1.7861

HL 4.7285

HH 0.2979

TABLE 11
MSE OF WAVELET TRANSFORM OF LL BAND WITH OTHER BAND.

Wavelet MSE
LL+LH 5.8584
LL+HL 1.0933
LL+HH 6.9073

(d)
Fig. 4 (a) LL Band; (b) HL Band;
(c) gradient value =10; (d) gradient value = 30.

(€)
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Figure 4 shows wavelet coefficients of the LL sub-band (a),
the HL sub-band (b) of the original Lena image and those of
the HL sub-band of the reconstructed image using gradient
threshold = 10 (c) and 30 (d). Table IV show the results of the
HL sub-band after VPIC coding with different gradient
thresholds. The higher the value of the threshold, the lower the
chance to find the edge blocks. As the number of the edge
blocks decrease, the compression ratio will be higher.

Table V compares the MSE values of different tested
images obtained from VPIC and the proposed technique
(Wavelet and VPIC) algorithm with various gradient
thresholds.

TABLE IV
THE INFORMATION OF LENA IMAGE IN HL. BAND WITH PROPOSED METHOD.
Gradient Gradient
(threshold) = 10 (threshold) = 30
Edge block 55 26
Uniform block 4041 4070

compression ratios 17.9066 18.1039

TABLE V

THE MSE VALUE OF VPIC AND THE PROPOSED METHOD
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Table VI shows the results of information sizes and quality
factors (MSE and PSNR) for three compression techniques
(Wavelet, VPIC, and the proposed combination of Wavelet
and VPIC). From the table V, the proposed technique offers
lower size of the information while producing slightly higher
MSE value compared to wavelet based technique. However,
the proposed technique produces lower MSE value even
though the information size is larger than that of VPIC
technique.

V. CONCLUSION

This paper presents an image compression algorithm using a
combination of VPIC and wavelet based coding techniques to
improve compression quality factors of MSE and PSNR. The
value of minimum mean square error and good image fidelity
are improved by conserving the coefficients of the low
frequency component (LL band) of wavelet transform which
represents the smooth of image data. The coefficient of the
other three sub-bands provides additional information, which
is less important and can be neglected with less amount of

VPIC Wavelet & VPIC perceptually effect. However, if some of the information from
;':f: Gradient (threshold) Gradient (threshold) high frequency sub-bands is included in the encoded bitstream
10 30 10 30 accompany with the information from LL sub-band, the
Lena 34.62 458 438 5 quality of the reconstructed image could be improved. This
Cameraman 624613 | 747471 | 105215 | 10.6232 paper proposed a method to choose the appropriate high
Wornan 98507 13.2069 14746 15046 frequency sub-band I?ase on standarc_i deviation. Thcn,- the
o CETYY TR TRTIT =51 selected sub-band is encoded using VPIC t‘cchmque.
Consequently, the proposed compression algorithm can
Baboon 287.5341 | 327.7233 53.2742 53.4756 . . ; ; : : e
achieve high compression ratio while still maintains good
image fidelity and minimum mean square error.
TABLE VI
THE RELATION OF INFORMATION SIZES AND QUALITY FACTORS
VPIC Wave & VPIC REFERENCES
Wavelet i i
Feature t(fl"d:r:; gradt:erll; (1] E. J. Delp and O. R. Mitchell, “Image compression using block
(threshold) (Giresionle) truncation coding,” IEEE Trans.Commun., vol. COM-27, pp. 1335-1341,
LL+HL 10 30 10 30 Sept. 1979,
Information [2] O. R. Mitchell and E. 1. Delp, “Multilevel Graphics representation
size I30KB | 21.1KB 163KB 68.7KB | 68.6KB using block truncation coding,” Proc. IEEE, vol.68, July 1980
MSE 1.0933 34.62 458 4.8 5 [3] A. Gersho, R.M. Gray, “Vector Quantization and Signal Compression”,
Kluwer Academic Publishers 1992.
PSNR 47.7436 32.74 LS 41.34 41.14 (4] D.Chen and A. C. Bovik, “Visual pattern image coding,” IEEE Trans.
Commun.,vol. COM-38no. 12, pp. 2137-2146, Dec. 1990
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