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ABSTRACT

In this thesis, we proposes image coding by using variable block truncation code, which
uses a new quadtree growing decided by the Lagrangian function. Quadtree decomposition (QT)
is a technique for representing an image data as hierarchical data structure. However, QT
technique requires the threshold for the test-block criterion, it is difficult to define the optimum
threshold value which is covered the whole image data. In our algorithm, we use Lagrangian cost
instead of the threshold for decision the tree grows. In our algorithm, the tree grows one node at a
time that differ from the method of the quadtree growing which grows tree one layer at the time,

and our results shown that the algorithm obtained a good quality of image reconstruction.
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td

@ouduauns laasil

DI =6 (2.9)

L3 -3 =) A ar 1o
msaeasviaildlaolimsne 3Seudioy (ookup table)  @amasuliduiudes
a ] a o o o 3 "o
niwdeeglumsiialSall RYae  nawesmiouIndannsousslddnilunsdedu
SEMINMAMSITH AL NIANDATHANSBNISUNAUDN codec TUgUN 2.5 AAL codec VDA

=

s < 2 = A YR o ot A a
L'Jﬂlﬂﬂiﬂ')ﬁluul‘ﬂsli f-‘yq‘lummzﬂmﬁq%zmuﬂuﬂmuﬂumﬂmsmﬂu"lwmmﬂuﬂsmwmy

v '
=

4 & ¢ ¢ @ a
TaT5u86 (Voronoi) WieiuiithufvangalunnmesnieouInd duilunsdifiruves
o o b 1 a a o 9 d 14 a
ey Inddanisuusgignimualdauyssiuvulae Taayauaznisianay
a A ¢ 7 a &4 dy a A ¢ ¢
Aadioulunnmesaleulng  TuanuiluSaiuiidhufvsigaveaanmesnaen Indiiy
o a wa o a Yy o o a
siuuusssuamInveanamesaleu Indlumsdfia  asiannudadiouiuilufidoy
! 0 Y ol Pun @i e 3 P I | o
sgngaaziiunlglumsdaiundafssngavesanmesniou Ingms Iadsndnfenisin
a o 24 =) | a a . 5 4 o
ANUAANAIAMTIADIFIGNTIINNABIZHZNNYATIAYY (Euclidean distance) T8HININIADS

1:;)1‘!!.@\3
g 2
d(x,y)=Z(xl.—y,.) (2.10)
i=1

4 [ | A o o Iy Y 1w 1 de o g =
°]J'\'1ﬂ'li'JﬂﬂT|1JNﬂL'WUullllllﬂu‘]ﬂﬁnﬂiﬂu'm’]ﬁl‘]fvlﬂmuﬂu ITUUIUEAATTIHIUNUN

Y a A s da
‘U']\‘HﬂﬂqTlﬂqﬂ1“13ﬂ!ﬂ05ﬂ39u1ﬂ“ﬁutﬂ’]ﬂliﬂﬂ

R.={x:d(x,y,)sd(x,yj) all je]} (2.11)

i

J t:isl = = u’: o 9 ad el Y a 1 a’ o [ 24 et
wundefsangaiuansoi ldnuismshee ldesuisae 1 dwmsulRayaiivina ¥
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SEmsmiuiithafsdiga

Fui 1 dmuald d =d,,,,.j=1i=1.
it 2 amstuaa D; =d(x,y,)
$uit3 81D, <d,d=D,,i=].

uft 4 81 j<N,j++ Tl 2.
Fuft 5 sumsia

A @ A ' a o P o LA oA ° w & 9
Wo d. 1]ﬂﬂznﬂ'llnﬂﬂ'Tlﬂ'ﬂuNﬂLWUHﬂﬂ']ﬂvhllﬁs 1 ﬂﬂﬂ‘ﬁuﬁ]@ﬂﬂ‘]iﬁﬁ"ﬁQUﬂﬂJiﬂ
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- = 4:1” 9/ :i A = " o ¥ 9 9/ 1 9/ s Ty = n:i
UMANUHANWIHUBINTATINAUMNUMTANIYVD d Luu')'lﬂ'l‘ik'il'lﬁ‘}ﬁﬁulﬂﬂﬂﬂﬂ'l‘iB‘E‘U'IEJ‘VI

b
udmveuanindinuesdiudquaiiosdosns Inayauazamanuaaiiou

2.4 mameulnalaamsiusnunuuus (Moment Preserving Quantization)

¥ = =] ad o
1119991035715999 PCM (Pulse Code Modulation) HIH3TMIBONUUUMIAIOU INGT
= 9 @ & a [ 1 LY Py 3 o o 9 = s
noul¥nuuin gamsadou Induuudinan gnesnuuuive 15dm sudeyaduyniil
o o 1 ' N 5 . 4
HAenFuanuru i uvesn U192y (Probability Density Function) IRW1Z061990331 1Y
a Ad o @ du owoA = = o 4 9
Sunn TaonilduRusiuaesil (index) n3onausz@uags nAsgINvBIUIIiAgudlY1ay
1 a 0 w 1A s &
NMANUAANAIAMAIADY (Mean Square Error) FEMIWNBUNNUAZIDIMWNAINTOOALULY
o A e Y a o o ° =} A sA A w1
msaen lndiverildmnnuianaamdedesdiasmiomoga)szaensunelunmsiam
AMUAANDIANIAIT DY
as Y] [ ar ?a ar 1 v
Fmadhaimdu BTC 1dzaumsnieu Indnldseauimos lifsedunas 193 10uuy
P a . ¢ A a 4 w ¢
MYUUBUNITUUNTA  (non-parametric) YBIN1TAIOU InFuuuRLMIAUTIY Tunua
) ~ . FITES. - - ¢k
(Moment preserving Quantization) [2] #4lufifiusumisuunsnnmnedmsnlou lndiign

ponuuulinszFunudoyasss

3
-]

L4 s d Y 9 o i 2 a

msaen Inguuuifimsnuiau Tuwudtudmualidudsgu X ninvdaduyn
! [ P <o & g o o o
fdhandamanieu Inddadiflansumsnszaeie F(x),x e [a,b] ¥ [a,6] Tudmouiria
to o e 1o o s 1 { d d o [
Thisrda wienalusva W ¥ wwwdedulsguienivnvesmaaioulng dmiy
s A o w | 2 VoA A . -
msaou Indndifesansszay dunlsdu ¥ iuiludiin lideiie (discrete) tazifiadiuiia
{ [] '3 a 3
d {y,,y,} Taviiianwuieaiu B =Pr(Y = y,) oz P, =Pr(Y = y,) 01yn Y iiadu

o a0 A a 3 A1 o o v A [ u’z‘ 4
fiantlu y, Areledunn X tiufimdindhaunsyleavnawes x, wie i mym

- o o 3 A ¢ v A A dy A
o y, ﬂ\m‘uﬂﬁ'ElEJﬂLL‘lJ‘lJIﬂEJ‘Wﬂ‘]JLWE]miﬂ’JE]u"lWh’ﬁﬂ\iSzﬂ‘l_! Fantandeanaisanlunis
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@ 4 1 4 @
@enszAueIYN ¥, uaz y, uazAunsslea x, ilelFussiagIuveInITeRNULY
A A o o v q4 w v o 7 a o oA A
mam}zﬂlﬁmimau'lmmmssﬂmﬂmnymﬂumuﬂmﬂway,aauvgmw‘f]uamaua‘nmﬂ
o 9 4  a 2. o = A a ] 2 N
ﬂaau"l‘ncn ‘llgﬂﬂﬁl.ﬂ‘l_l’iﬂ‘H']IllLllHﬂ“l’N‘HUﬂﬁ']llillmuﬂtﬁﬂ‘ilﬂ@ﬂu‘i’!ﬂﬂi'ﬂﬂﬂ'ﬂﬂ'lﬂﬂuﬁﬂﬂ

9/ 1 2 =Y o clct, o A g o '
i]5?10\37]5'I‘l_lﬂ'l“r"l'l.lGiuﬁ'ln‘i!ﬂﬁ?ﬂﬁ1Mlﬂﬂ§1ﬂﬂ1—!ﬁ'l‘ll'l'iﬂﬂ'lﬂuﬂﬂ'lﬂffﬂﬂ'lﬂ“r\lﬂlﬂ‘l_l‘iﬂlﬂﬂ’l

3
=

Tuud lads
E[Y]= E[X]= P, + y,P,
Elr*]= E[x?]= y2R + y2P, (2.12)
Ely*]= Elx]= iR + 2P,
-,
o E| e Jgndmua 18 Tasmaduiinsalugluuuvesaaia-alngs (Lebesque-Sticles)

Elx']= Ii[x"dF(x), Taoft y, <x <,

¥
an d ar v e o o o 1
ranudn luwudduiisieges waziludnoudivasn 2.12) aansodvulni i@y

¥ =Y1F((x1))+J’z(l—F((x1))))
m, =y F(x )+ y; (1= F(x,
my = 32 )+ 320~ Flx,) o

il m; = E|X]

P, = Prob(X <x,)=F(x,)
P, = Prob(X > x,)=1=F(x,)

a 's = y 1 ol '3
Tasmsfigaiaums (2.13) Wemm y,, y, Hag x, msndeu Ingn lddeay Tumudusn
4 YY) 4 = 1 . 3 1 a
Y99 X Gangmilouduiuyes ¥ iNen1sm x, szaundlia F7'() WuilegeSa
{y 14 - a ] { o
Tunsain hifimsqaudusiveaundli m, =0 uaz m, =1 Fo X Haundudiugud

a0 P [ 3 ~ = 1 =1
uawmmmuﬂsﬂs'Jmﬂuwm) Fauaumsi 2.13) Wou vy 1ddlu

O:)’1F(x|)+J’z(I_F(x1))
1=y12F(x])+y§(1—F(xl)) (2.14)
my :yfF(xl)+Y:3:(l_F(xl))
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Taomsman y,, y, Mndesaumsusnlu 2.14) lumenves F(x, ) uazldfmouin 1duny

:i é 9 o 4:!”
asluaumsnaiudees 1daadl

_ [1=F(&) __[R
"IN TFR) VR
Fix, I
= = [— 215
Y221 FR) P, 2.15)
1 m 1
F(x[):g_? 4+m?
3

VUM (2.15) waasldimiuidunsslea x, Taoi luduiiuanisogu (median) vos
X wazlWldiludunde wag m, Taonalludamunetsdanudeyanvel (signed number) Lag

w 1 dw w A o o
ﬂ']l]']iﬂll‘ﬂ5ﬂ')'lllﬁﬂ'IUl'ﬂuﬂ']i')ﬂﬂ'lillLll'u‘ﬁ'lﬂi.lﬂ‘l.l'ﬂ’d']il (skewness) °lu‘W4ﬂ=11u11mmm

e

[ H 4 Y d 19 N a a [ VoA
nudule uazwan laninaumsn 2.15) uaaslimunaunss leaseiisninanunine

A M o v w " A 4 ' ¢ =
IMUDHIDNINNAIUBUP U (Median) “lﬂuvlﬂﬂ'lﬂLﬂiEN'HIJ—]Uuﬂﬁmu']ﬂ‘\iﬂQﬂ1‘Iﬁlnuﬁ Haun

d&’
MUY

2.5 931913815 (Information rate)

s 9/ -:; 7 = W v c'. 0] =S w L] -:l LY o s
E]ﬂ‘i']‘lff]ijuﬁﬂ'l‘v\mlﬂuﬂlﬂlluﬁﬂ‘]JthvlﬂL'ﬂuE’N‘UQ‘U'@ﬂﬂﬁBGl'i'lﬂl'l'cli‘f"lﬁmﬁﬂ"llﬂﬂ.m Iy
Y & o o

undsdoyadaldydnuaiiunnmatuidullld 1 daydnuallasiimnnuinailu p; Tae

u U]

1 4
=i o o

Ni=0,..,L-1 Taveziidulngileadl
L-1

H= —Zp,. log, p; (2.16)
i=0

! d a ' { A ' o =& 1 o Aa U
Tavfidu InstenueiaSinainmsmasiunasduiainmsidduiaeg  [23]
v [ Ed
Wies 1 H WusimeszimvealSunssnmsiideesnanunasiudatnmsudazaii
v @ w o ~ 1 a0 v ow o
wisudazdadnyaliazimeiuiadodydnyol
v = Vv WAy 1A Y i 3 o
Aonguinmsdisan lilimssumuvewsuuua deyavnamsansadisvialay
a Y [ =1 =Y 1A 4 a
Uswnanufiadioy  uvasdoyavesdulnstl # adeduvea whvwidu H+e dn
1A A A = 1 Ao 9 Y w = v 9 =)
deduven  iife £ AeUSinannifiswauderqudidasmsiudadeyanminduly

qage Ciivwldlae
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o P k) Y
DATUR ﬂtl‘llfN“Ll‘EJ‘JJ”ﬁmWﬂuLm‘U(B)
Cc= - 2.17)

ﬂﬂﬁmaumm%gﬁﬁqﬂﬁﬁﬁ'ﬂm + &)

Tisn _B

(H +5)

I

B
H
3/ ' o = 1 aa uei.v Yo a @ w u’ﬂ ° @ L
m;mmmmﬂ‘unmsvlwmsmmguiﬁmtuﬂﬁiyany'ﬁm HITUIU r  TUANHUAD

L) 1 o _ 1) 3 o = T < ) E!'. ¥ A _ s dy
M I,L‘HENﬂ']LL!ﬂ‘U']’J’CT'IEuu%3ﬂ’ILUFI'il"I’JfT'liL{Iu‘]J’iﬂJ'!EH“l!']’Jﬁ'IELﬂ'ﬁﬂﬁﬂ‘l’l‘LN')‘L!’Iﬁl‘ﬂuﬂﬁu

R;A rH IEELRITRN (2.18)
Tau R; Hi58n71 89519193 (information rate)
Y w0 e < Y o Y @ & o ¥
msihsiadnashangaivzgdesansammadisiainms lavhidasdeya

at dd‘ é‘ =) |58 | s 1 .:i
yoadana lunshaatuiivnamsusasdnasidm
<o A A o a i i -
2.5.1 HanFuaNuEaiey- 9n5106 (Distortion-Rate function)[11, 19, 24]

msidhsauuuf laifim 15 (Memoryless coding) n3odoyaiiwdnsva luliaawy
' 4 '
Hoadeadu 23] Wulimswaaemiyndiduvesdunlsquilimnss nouuudaszaniuaiy
o o o ' ' 1 iy '
dnuazvoailsndunumumiuanuhziduinsedis  luitisiemlslumasdoyauuy

hitiwulus  auuddusdesmsadisiauuunimsgaiiedoya (lossless encoding) lnudl

[ de o a ) AN 1a A A o A @ 9 a
‘UE]ﬂillaL‘ﬂ‘LlE‘IJ1LiJ‘U‘UENL’JﬂLﬂEl’iVlﬂ’Ii,uﬂﬁ]’lﬂﬂJEmuaTlllnmlmTiJi TﬂUWElF\S‘Iﬂ'lS“U“LIﬂﬂ“UE)gﬁum

[]

[ 1 = ] & [} 9 [ n’: ] = n‘lv o = o 9
lLiwnlilad R dedentlanisdayn  AuiumezgNanuRafisurdnniiimas

w 9 y F- ]
ﬂﬁU"li'Bi;l}ﬁLLﬁ'mgiJﬂ'llﬂuﬂU'Nvli
2.5.2 MilenuvesnnuEaiay D(R)

r ) 1 é { 1
W f(x)  duilsdduanumuunivvesnmnhendu  dedeyanluiimu T’

=] 1 o a 1 1 Ao = g/ Y
(memoryless source) tiluunassuiladoya TavfitlumnshisauSoan £ madisdads

=S 1

wlsquazaelifadoyannnesvesnnusnifiauiuimounaguuesdr & Taold

) a

o A an a s w9 A ] Y
msadou Induuunnmes nINAMIA & vessasimsiuoatoyanimiia <R Hezla
a o o 9
U

a dy A o @ 1 3 o Aa 3
ﬂ??ﬂﬂﬂlﬂﬂuﬂﬁﬂﬂﬂﬁﬂﬂ1ﬂiﬂ DUANNADIAINATIIUU Tﬂﬂﬂgmmmummmmﬂquu
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1 [ LY ! ' 1 ar é ' o w
foyanmaniiamlgmetiug  dwmnnuheailuvivunile  didifa D (R) iilu
o o
A

HesFuiitiogifivailassunnumuuniu £(x) winiude
D,(R)=k" min IR I”X—Q(szfk(x)dx} 2.19)
Rt
il R* fodigigadidou (Buclidean Space) , [[| minviasmesuunayadifioy (Euclidean

norm), f(x) AONAHMUAIINNUIMUY (Density product)

ﬁc(x)=fk(x1,xz,---axk)=f(xl)f(xz)-.-f(xk)=]njf(x,-) (2.20)

' oA g/ a [ o o la an 24
uazadesiige ldunansaen Induuunnwes 0 N &k U4 Fuwaves
J  w o
NAMBTIHA Q(R") Huuedlu 2%
o ar a ¥ I = o Y 1§ 4 ] =t o
Handuanuiamiou-sanda D(R) dmSuunasdeyen lufiwnlss  gndmuald

iy

D(R)A inf D, (R) (2.21)

§miu R>0 Tuaumsi .21) lawisefvgdnnam D(R) 16 dufuidimsiignd

miawes D(R) Tasi

00—

@)= | - ¥ 1)ty o)

& ke ol ' D oA d 5 Jhgo
mam‘wmm}mﬂummmwmtmu‘nmqﬂu"l‘tl g(y | x) NIH VALY

o @

J Jlog) - gblx) f(x)g(y| x)axdy < R (2.23)
i _ch (w)g(y | u)du

o Y 1 = cf 9 = a ) LYY 1 3/ a
ﬂ']i‘l’lﬂﬂi]ﬂ'lﬂ’.]’lllﬂﬂiﬂtluummQﬂ ’LT'I?J'I‘SE]‘E]'E‘]J'IEJ"lﬂﬂﬁ’Iﬂ'iﬂﬂ’J’!Tﬂﬂi”ﬁlm’)ﬂﬂuﬂﬂ

i 1 = ] 1 i . . s T é
AGonISSinainmssaumas (mutual information) 19 X, ¥ iWludwnlsduia f(x) fle
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v 9 ] 1 oaa A ) [y A o Ed
anuruinvesdoya X uaz g(y|x) Aeanumuuniundifeoulvdmiy ¥ #mid

X = x udroyadSinanmsiasznin X uaz ¥ AnlSum 1(X;Y) annsodfiowd
¥

=
JH

«w W

I(XGYA [ flog,| - U1 | r(ely ) (2.24)
e _If(u)g(ylu)du

Aanilansofingan Unadnessamedu 1067) funsSamwesdusdy
2 fafle X waz ¥ hilanwduiuideduunsdueiils &1 X uag ¥ Saszeinduma
adn ud? I1(X;¥)=0 uad Xuaz ¥ innuduiusiuuds 7(X;Y)> 0 USinashams
samimde I(X;¥) aunsoudasldhmwesiuiiivinamniigamiifiezdu ) 18ide x i
Hadduves ¥ 1dumnfadnanves Ywnmanmsswmie 1(X;Y)annsoloudumsi

v
(2.22) Insi'ladail

D(R)=min{E[xX - YT : (X 7)< R} (2.25)

@ 1 A T ¥ s 1 1 i
wiemmrsnesuelddnedinisldhdimdunlsgu X dusndinianszae
£

a ' Ay P 1 = =1 P 3/
mudnyazANuuty f(x) uazlinniosiiga MvoannuAaiivunnig

@ ' 3 { : v @ do 2 a
E[(X -Y)] vusaulsqu ¥ fanuanimsnszoelashinnuduiuson X &9 U5

ar v o o

Y1essamay 1(X;Y)dusmihiandiawes R dwlsqu ¥ udazdafitinnuduiug

o a 9 1 oda A 1 £ A =
T ¢ ﬁ']l”ﬁf]ﬂﬁU'lU]lﬂclUIﬂﬂu‘UENﬂ?’]Nﬂ1—”““‘”7\“1‘33”11] g(y | X) HIUUTHDY

1 o u 1 o = o ] o g
“gpadgeraunaTey”  Aunlsgu Ymmmum’mm‘ﬂummwmm‘mqﬁﬁytymmﬁamﬁa
Hd
= = A

a [ o w i ) {
dunniio X isaunsowes D(R)Idhdlusnuiadiouiidegesimaniiiaioviiaa

¥
[ CY ]

! _ ] ar o 1 s ‘é
itﬂ’)‘!ﬂﬂuﬂﬂﬂﬂﬁfﬂﬂﬁiﬁﬂﬁmﬂ‘l.llﬂ’]'ﬁ%‘!ﬂ‘ljﬂQ‘I)’E)Qﬁﬂlﬂﬂmﬂ\iﬂﬂﬂﬂ]ﬂﬂ‘lﬁﬂ@ﬁﬁyiﬁ’lmﬂﬂﬁﬂﬂnﬂq

a = ] 1 = 1 a a a1 1 1
Xﬁluﬂuw‘mmz ﬂﬁu'lﬂ!‘iﬂ']ﬁ'l'ii’)umﬁﬂ 'i$?T'J'I~‘l'PJ‘NT!V]L!ﬂ&'ﬂ'l“l’l'l”ﬂlﬂﬂ'l‘luu'lﬂvl‘llﬂ’:l']ﬂﬂ]ﬂ\i
R

L a 3 <
2.5.3 9AIANNAANS UV IV TITYY
dmsasuanuAaion  D(R)  dwmSudeyan lilwyTuSuaziimsnsza

4 P 1 1 a [ o A g/
ll'U']_l!:ﬂ']ﬁ!,c%Uu "]Nllﬂﬂ\i%ﬂﬂ}uﬂuﬁﬂzﬁ'gﬁﬂ']iﬂig ﬁnﬂiu?}ﬂuﬂ’ﬂﬂq'ﬂfwu—]LLHNL$UULﬂ1ﬂl=ﬁUuﬂjfj
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D(R)=0?27F (2.26)

' @ w 3 do o ) a ¥ {
1 R(D) Wudunduves D(R) suiuflsndudasida-nnuRameunnaunish

(2.26) uaasldmiun

2
1 g :
- Alog{ DJ 1 K 2.27)
0 D
MW f(x) duanumuuivuuumdiSeunans 1ddadl
f(x) ( mjexp[zo_z] (2.28)

15192 14

R(D)= %Iyl)_zzlogz[fﬁ)}}()})/)} f(x, y)dxdy (2.29)

4 1 O. U [/ L! . . 0, g A
iiemdgaitiusinnumuiugy (oint densities) ianuaves £(x, y) dailuliam

f(x)= jf (x, y)dy (2.30)

Lae

_f J(x —y) f(x,y)dxdy < D (2.31)
ozl 2(») L'i'juﬂaummmiuﬁacjn?nmﬂau ( marginal density)

g(v)= fff (x, y et (2.32)

=

4 1 ' a 1
mmmmnwauaﬂ ﬁmuin‘i’mm%gamLmazm;mm@mﬁmmmuﬂﬁﬂmu o?,

v
@

R(D)=0 o D¢’ dulumenwauwdldh D<o® W f(xy) dumany

-
UUUHUHTINY

) } (2.33)

2nﬂi?——D)Jexp[ 20 2e” - D)
47933

f(x,y)=[
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#az1n (2.30) taz (2.31) wlan

ﬂk’gz [%}f (x, y)drdy = %1082 [%J (2:34)

—00—c0

R(D)< %log{%} (2.35)

Wemidnw liwhmuuuuinesa (reverse inequality) Taviir f(x,y), (2.30)uay

(2.31) vudouIna1dn

R(D Ijlogz[f{() J{))} (x y)dXdy (2.36)

—o0—00

W D Wuaumsnedmdhoilovesaums 2.31) 1 (x| ») Wuanumuuniui

fisouly £(x, )/ g(y) uazld g(x] ) Fuammsiviiidenlagad

! > @27
wjexp[ T } 12:37)

¥ ]
anfuansa@suaumnusuaniovesaunisi (2.36)lugUnananlaiiy

g(xly)=[

(Tion o Tt s [l ), o

—0—00

¥ 9 A = P oAy A wa o A
meumamudoiiovesaumsn (2.38) Wi Lidluay iHeanInguaNAveuau Insln

= ar o o A = e e * é
Hanuduiusiu meynilovesaums (2.38) quwﬂlﬁ’amummu 1/210g2(02/D ) Y9

Aunnndmienify 1/2log, (0?/D) s lduanliiug

R(D)=1/2l0g,(c*/D") (2.39)

P o o o a Y [ a 1 Jal
Tuaumsi (2.26) dmFviladduanuiaiiou-sasiia D(R) unasdoyauuinmdan

1 s 1 = A 1
TiflwuTusfugnualasleglugiuuvesadun Favzlda
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[D(R)],...0.c = (2010g,, 2)R =~ (6.0206)R (2.40)

AuMsh (2.40) veNDIN R Fludmauesauan SQNR (Signal to Quantization
5 = Aa 1 o [ 4 o 9/ d AN 14
Noise Ratio) 'vmmqaqﬂmﬁs'umimau‘lﬂmmunﬂmﬂﬁ~uawayauummmcﬁuuw"lnmw

Tafsasdaidy R edouwuila  SNR (Signal to Noise Ratio) NUf1gagaveq
gn ]

¢ o A w - ¢ ¢ Y Ay
ﬂ1'5ﬂ')f]uvh’l“']ﬂl'U‘lJnﬂLﬁﬂiuul'ﬂ“'QUﬂﬂﬂﬁmﬂﬂﬁﬂ'ﬁﬂ?ﬂullﬂsﬁllﬂuﬁ!ﬂa’]i‘ﬂﬂqsl]ﬂﬂhlﬁwuﬂ’l?

= J Al 1 Ao = " o
pszIuUUgIWeI UM litiuu Tunensaminug

v v
1 =

ididnsiiia R vesnsfiusadeyanimiifimai undsdoyait T BiE
iMdiFou (Gaussian M emoryless s oruce) Fadud auaﬁummwauumnwﬁﬂmﬂﬂan
I#8netranilangr  D'(R) fuilafdunmiafiou-sasidalumizsadiwadmiy
wdadeyauuuuunddeud lifnu hiSuozd D(R) duilafFunuiaiiou-sasida
Tunmhoedadimiy  unasdeyad liidunuuiuumdiFuuuaz Tufiw Tu3 Non-
5

Gaussian Memoryless source)udninazléd D*(R)< D(R) dwsu R > 0 naqm

2.5.4 mtlszanaeni higailesvesianFuanuiameu- easidia D(R)
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o

dofivzdmamm D(R) seldnmilsznumitlidenioaes D(R) dniu
Amuald D, (R) Fuilafdunnuiadiou-sasiiavenmdsdoyanuuilifum s fiflna
sy laoflesdunmununiu £(x) wazld O(x) Wunsmeulnduvumnas wavos
amuRanaavesntsaeundainnsld 0(x) enreuInddesyauu it Tu3iim
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I(x O(x)) f(x)ax (2.41)

smuald {x,x,,...,x, } ifuenvesszdumsnenIndves O(x) (wnvesszdy
vosmsmew Inddewauaz O(R) dle R Whudunsedmaueis) W p,p,.....p,

] & Y o &v
mmummi‘lummwuﬂqﬂmu

P, [F(xpir (242)

s

A A ] A Y o a ° At ! '
$A)3)] a,.,b,. 'ﬂﬂ"gﬂﬂ'ﬂ'IU‘I’I‘N"D"]UU,agﬁJ']WNﬂ‘Uﬂﬂﬁuﬂﬂlu']u%5\3@'}11Jfﬂﬂﬁ ﬂu%?ﬁﬂgﬁgﬂﬁnﬁ

{xeR: Olx)= x,} (2.43)
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o d o ] [ y " . .
W 7 duiladFunnumuunivuuylisewies (discrete density function)

N

?éZp,.é(x—x,.) (2.44)

i=1

W D,(R) AersuamuRadiou-sadaveamdsdoyauuui lifiu T3 itna
tafulavanuvuuniv- f Suinsuhdnnuianaiaveamsaien Indueaumsi
(2.41) fislevunquds D, (R) szifiusiilssina 188 TaofladFuanuiiaion-sasin
D;(R)

D/(R)~D;(R) ,R>0 (2.45)
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AanFuanuRaiou-on5 100 DF(R) gaSonimsdszsanaAuunATaiaues
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HadduanuAaiion-dasiia D(R)
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2.6 ANNINYINUNTUVAVBYaNTNIVDIAU
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g deu (redundancy) Tudoyanin anudeufenadnumsdduiusiumsihug
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4
( Differential Pulse Code Modulation) #az3msdhswauuyldmsvinnouuusmaiudaeglu
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Uszinniiaiy
=) ~ ar

Uszinniiaesvesdimsdusadeyafioitnisiiuda laverremsulasdoya (rans-
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21

voanuazavisenez lddudasiuaudeslumadisva'ld dresrugunisulasla
Ca-1 1 ar Py
FredaNNLIRagIR 2.7

N13NIZAT N13NTZIIUAD NINTLYAD

o

- o o -
N voadulseand M v ulsEans nm vpadulsedAns
P 7y V

\
= \ /)

a @ a = d g 1
31U 2.7 manszneduilsz@niuesnmsutlas Tamnodidumioe

—— Predictive coding
Selective of reference Previous-sample prediction, Linear prediction,
pixels I etc.
1-D, 2-D, and 3-D prediction
Temporal Intraframe prediction Intrafield prediction
processing |:lnterﬁeld prediction
Interframe prediction — Interframe differential coding
— Conditional replenishment
— Motion compression
forward, backward,
bidirectional
- +—Motion interpolation
£ L Background prediction
— 8 ——— Transform coding
7 Type ——— DCT, DFT, Hadamard, Karhunen-Loeve, etc.
s Dimension ————1-D, 2-D, and 3-D
Transform coefficients —Zonal coding, Adaptive
coding
I—— Pattern coding
Vector quantization (VQ) Mean-Removed, Multistage VQ,
5 Fractal coding shape-gain VQ, TSVQ, PTSVQ
@ Full-search VQ, Tree-search VQ
o > 3
rE:- - —— Hierarchical coding —— Bit plane coding, Level plane coding
3
88 _ | Progressive coding
,E 5 L Scalability coding
ks - Subband coding Subband Coding
g L Block truncation coding (BTC)
- —— Wavelet coding
——Structural coding —l: Contour coding, Region division coding
Analysis and synthesis coding, Model-based coding,
Intelligent coding, etc.
L—3-D space coding —— Coding of stereo images, Coding of multiple-view images, etc.
[+)]
£ Coding of holography
3 —— Space coding
§ ——Entropy coding Huffman coding
I Run-length coding
3 L Arithmetic coding

311 2.8 FEmsTivdadeyammuuneieg
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2.6.1 MIVVUAVIYANNUVUNNNMIGEYIae (Lossy image compression)

A o o a oA A g Ay Vet A W g v
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msqmu‘n1uvlﬂ11mzmmmuamlm_5a Lmﬂﬂi’lﬂ’]iﬂﬂ'ﬂﬂ‘ﬂﬂyﬁilzﬁudﬂ’ﬂﬂ'l‘i‘ﬂﬂﬂﬂ“ljﬂllummﬁﬂ
b4
=

hidnsgands F3asbusadeyanminiimsqaduiidaselui

2.6.1.1 msdudadeyanninenisuilad ( Transform image coding)

add o = A Id%‘ o = { ar
F3msudasdeyanm 120, 251 Fdrwiunarwisaslunilldhieuodimsnlddu

o '3 o o
Taeia lsz Temivesmsuasdeyanmaomsiirlideyaiinauminzan niemsiId

v { @ Aa v ' o 1
doya nm'legsaudulasiilanmmuuniu @aununiuvoImasm) agiivaveuivala
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& 4 a 1 a Ao oy °
vouwanile g hdoyanmanindszeglualuFoalamy (spatial domain) NEshild

s 1

= @ a d [ a [ 9/ Y g [ 1 ]
msudassefianuduiusszninganmiieglndafunn uadideyadindngnuiasiey

=) & A 1 1 P d.o o A o 9o = =} 1
'e)ﬂ'l',muuﬂuw\':ﬂmuﬂumuuagiu‘uﬂuwwuqmmﬂmwsmimmwmmamwm

Vv v
Fovatiovns suiusuudafiezihundisiassisautesmomsunu

QU

o 4o 1 . .
ﬂﬁ!lﬂﬁxﬁlﬂli&l‘i!ﬂﬂ?‘m?ﬂ ( Discrete Fourier Transform )
msuasdoyanmdomaudasiGesidumize  TasmaudasySusinumiaouea

swiudoya fu(n)n=0,...,N -1} fTvn'ldlae

N-1
(k)= Y u(n) Wy, k=0,1,...,N -1 (2.46)

n

1iin WNéexp{— 127”} msuasnauihldTae
N-1

y(n)=%2v(k)W,;"" n=0L...,N-1 (2.47)

k=0

:i A u’: = :é o ! o ar 9
llHﬁﬂJﬂ'liﬂHuﬁuulﬂﬂﬂ']'ﬁuﬂﬂﬂﬂWWlWU\i‘Huﬁuﬁ llﬂﬁ'!ﬂi‘l_lﬂ'liuﬂﬂQilﬂgﬁﬂ'l“ﬂﬁﬂﬂ
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z

-1 N-
v(k,1)= ulm,n) Wi wir  0<kI<N-1 (2.48)

0 n=0

3
Il

sazmsuasnduansoninldlay

N-1N-1
u(m,n)— = Y Wk I, 0<mn<N-1 (249

k=0 [=0

d
msudaalaaneidinyiiie ( Discrete Cosine Transform )

L a d
msulasTamofveunming C = {(k,n)}ifinnn N x N 518un35i3uiums
s [ A & ) . .

wlaslameun hidewieeSodanmmesyosmsiaslnasorfifumiae (Discrete Cosine
é =) e 3
Transform) B4tiu13 lagail

1
—— k=0,0<nsN-1

c(k,n)= VN (2.50)

\/zcosm, 1<k<N-1,0<n<N-1
N 2N

& oo o s < s Y
Tumaulaswunitsiidvesdrdudeyn {u(n), 0 <n < N -1} dunsaiivmlddail

2N

a(O)é\/%, (k)A\/‘ dmsy 1<k<N-1 (2.52)

o t:i aad
!.lﬁ3ﬂ’l'ﬂlﬂﬁﬁﬂfﬁJ‘ﬂﬂﬂﬂ'litlﬂﬂﬁllﬂﬂﬂuﬂﬂﬂﬂﬂ

v(k)=a(k)2u(n)cos{££2—’-1j—l~)£:|, o<k<N-1 s

u(n)= Z (k v(k)co [ﬂ(zml) ] 0<n<N-1 (2.53)

drumsutlaalaanin bidetesluassifausoriild lne
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N-1N-1 B ] il X

v(k,n) = a(k)a(n)ZZu(x, y)cos (Zx;}\lr)kfr cos 2y ;Alr)nﬁ (2.54)
x=0 y=0 L = L =
L he] [(Cx+1kz|  [Qy+Dnx]

u(x,y) = Z Z a(k)a(n)v(k, n)cos N cos 5 (2.55)
k=0 n=0 L al 1 .

alk)a(n)== o k,n=0 unz alk)a(n)=1 unsdiduq

1
2

d
AaautAvesmsulaslaae

7al a < 9
1. mswlaslnanifiiiuaianzeasnonoiialorthogonal) Manuhs
e =CTo El=F
< ' =] a o
2. msulasInmoiidumsulasediess M TaselveaInnesued
LY o o 3 o 3 n’:
pentlsznen N dransasunalumanauldlaotduimounss O(N log, N) asuu
o o i ) 4
1 N gavesntsulasyGesuuui luseies

o’ o Y a = o e o [V ') e o @ o
3. ﬂ'ﬁ!.!'1]a\‘lIﬂ"?)"lUu1141'-113“1111Wﬁﬁ@1uﬂﬁ]u1ﬂﬂ$ﬂﬂ5ﬂ TINITVUDUANUANUTUNUT

UG
g la
o 4 . oA d a o
4. WAANADS (Basis vector) ¥93n15iasIngnoifounuInmesvaUNNING

ar ‘5
quIATMIULAUYAN O, B9

l-a —a 0

0 1l =
-a l-«

'3 a a’: @
5. mswdasTamsiveaunsnguuig Nx N ulanulndifestumsudasuuy

v [
|

o w 3 ar
Karhunen-Loeve(KL) Y0481 udayaunsinadudui 1 Alanuen N

msudasdoyalavmsidnisudasTasonduisildiduuiasgulunisulaa

v 9

3 ' = » .
Yoy v luesngveIn1siudadeyad1v35n1s JPEG( Joint Photographic Experts

[
a a

A = r == ad é " = s )
Group) [26] Fuiluismsfiudadeyaniisz@nFamituils dew 1dimswaniTmaulas

Foyamuicusaadendunmaa
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msudasuuvaeniifiunyig (Discrete Sine Transform)

a &
msulasuumeivesuninduiin Nx N wlddhu  w={p(kn)} Fazgn

= ' sy 1 A a Yo o
138N fn'iliﬂﬂ\‘lllﬁﬁ“lﬂﬂﬂﬂulﬂﬂﬂluﬂﬂElﬁ3ﬁ11]']5ﬂlﬂlﬂUiﬂUﬂNﬂTE‘lﬂﬂﬂu

2 alk+1)n+1) ~
w(k,n)= T v , 0<k,n<N-1 (2.56)

v(k)= ”Z;u(n %’;—J’B 0<k<N-1 2.57)
N-1
u(n) = ﬁzo u(nv(k)sin %, 0<ksN-1 (2.58)

msulasuuuaiansa (Hadamard Transform)

o a '8 o Y - [
panlsznovvouudannaesveamsulauuaasass laioaaa  £1  uag
[ o ; o a [V an a d
wunesrszneuilanumzaudmiumsdszuanadyafnea WMIngueInIs
7 a  Jda 4 & 9
wlasuaaunia A, fAewnsngniving Nx N e NA2",n=12,3 Fuiou H, 14

o

Aail
T i1e. 3
H =— (2.59
‘ JEL —1} :

o a o
HAZHONUABUILANDS (Connecker product) Vouun3ng H, vz'la

H=H ®H =H QH = 1 [H"“
g [ = 43y ;J—I_T
2

- .60
H } (2.60)

- Hn—l

n-1

=) L4 o o 1
NI NFNNDTY0IMSuYasuuuaINIAIA ’ﬂ"lﬂJ'liﬂﬁ%’NIﬂUﬂ']Sﬁmﬂ']‘]J'i$Lﬂﬂ‘tlﬂ~‘1

do A
‘Wdﬂﬂf‘u !. BN Walsh function sIi’ﬁ'ﬂﬁ'lﬂ“]i‘l«li-’l~3f’lﬂ’I’)‘L!i]“"I.,l']l.f]'lﬂ'lL‘WEJQLl,'ﬂﬂ'I *+1 uﬂmmw
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WnINFFIHeuMsilaauuiimsuladuy Walsh-Hadamard

2.6.1.2 M3 sialnemsinmg (Predictive Coding)

ad v o o © Vv o_ w = :‘ 3/
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Faduvesganmaouniniu myanm 1ufe

fn = round|:i aifn_,} (2.63)
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2.6.2 miﬁﬂﬁﬂ%ﬂgmmﬂﬁ"lﬂﬁﬂﬁqtyla’ 8 (Lossless image compression)
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M3 IAaANN (Pixel Encoding)
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u(t) u(nT g,(n)
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M3t sHanUU5U-taud ( Run-Length coding )
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distribution)
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SNR 1ag PSNR (signal to noise ratio and peak signal to noise ratio)

1 1
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SNR fie  midndndyaudedygiasuniuuneiisonimdyanudedayai
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sumudenIsaeu Ing
WZIZ]: [x(f i )]
SNR =101o L 2.985)
@AY 75 :
Taui MSE (Mean Square Error) fioAanaiaideaoundon 1@ naumsi (2.74)
PSNR fAemidadmdyaadodygnasunugegainioihuiadiuads)
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PSNR =10log,, s 10log,, i—)— (2.76)
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mid =|(M, + M,)/2] (3.18)
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aingUld 1 Tumanuan . thaludumia R(B,'(Z,))Lmz D(Bl'(i)) wwnuluy

aumsn (4.2) v 1aaail
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“dR 1.2981-1.3874

0. 1 &
Wimwes A yuwnuaslu (4.2) Wﬁﬂ%nlﬁ

R(B)=~- 1 D(B)+{1.2981+ :
60.6719 60.6719

38.1 873} (4.5)
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HAMUA 4 NIMNUASAMULA 256x256 WA 2 NN sadaeiurianun 6 mw Taofinmiils
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51 savesmsufSaumaummslSeusumanyianaamasiaiass (MSE)

BaTMAAT IHT Y IUADTYYINIUNIUGIYA (PSNR)

TuwaveamsitedmusnazilunavesmsnSouifsuannuianaamaoiidides
(MSE) uazmdadiudyaianedyaiasuniugaga (PSNR) vamwaeaiimslasum
o a & = < = P ! a =
mnsmdTaanmoes (1) a3 sl dese WumsulSeuiivudianuianmiamay
fdeaenazmdadiudyudodyainsunIugagavesnIna199 il lunsiide
o o 4 A 1 da a o J " ’ a J
MUAIAY  WorumaInsmdNaana101083 (1) YINIUILWUNMANVHANAIAIZUINAY
LY a [ e P ] dau a 4
aw'ldoanaunsh 4.1 Wuaumaduasehiinsnlfounlasmainswiiadnaioess
Y] A 1 9 d' A L 1 = =) U LY ) ::
aannan I uluuni 4 FmdnannSvuaioumanuiuvesdumsduass lasing

] 1 [} Vv
wasuasusazavgi Iianusundouulas 1 Tasnzinai 1davesnnuiamioutay
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da1daasunaaliédin wavesmsnSvuifvuminnudanaiamasiiasdos (MSE) uag

adadudygnuaedygInsUNILgIga (PSNR) Y930 wa19e NAsae L

M3199 5.1 LAAIAIANUAANAIAM AL IAITEINAUNTY 19a1rIAY 10 LLAZMTLAVNITAIOU

d 1 ow
Ty 8

AnuRaNaIARGY
EGETGN
anudiadnaiend 512x512 256x256

(A) Lena | Peppers Jet Boat Lena | Baboon
1 4.6438 | 5.3867 | 3.6558 | 5.7535| 2.4368| 5.4985

5 5.1337 | 5.8810 | 4.0887 | 6.1446 | 2.8293| 5.7564
10 5.6261 | 6.3784 | 4.4018 | 6.5406 | 3.1682 | 5.8575
20 6.3245 | 7.0846 | 4.8519 | 7.2288 | 3.4838 | 6.0372
40 7.0201 | 7.8758 | 5.3316 | 7.9227| 3.9568 | 6.1411
80 7.8728 | 89329 | 5.8815 | 8.6661 | 4.5382 | 6.5312
160 8.3705 | 9.7164 | 6.2507 | 9.0868 | 4.8460 | 6.5349
320 8.5078 | 9.7190 | 6.3969 | 9.0888 | 4.8460 | 6.5349
640 8.5092 | 9.7213 | 6.3969 | 9.0893 | 4.8460 | 6.5349
1280 8.5099 | 9.7213 | 6.3969 | 9.0895 | 4.8460 | 6.5349
2560 8.5101 | 9.7214 | 6.3969 | 9.0898 | 4.8460 | 6.5349
5120 8.5068 | 9.7214 | 6.3969 | 9.0901 | 4.8460 | 6.5349
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M319N 5.2 uaasmanuAawaIamAsMdIreana Ny leahnu 20 LazA1SZAUMIAIDY

d 1w
Inafwindu 8

AAANEIAREY
Maeaea
answmdtioAwaoeos 512x512 256x256
(A) Lena | Peppers | Jet Boat | Lena | Baboon
1 7.6086 | 7.6260 | 6.0991 | 12.331 | 6.3688 13.348
5 8.2159 | 8.1764 | 6.5691 | 12.780 | 6.7808 13.659
10 8.8201 | 8.8490 | 7.0214 | 13.361 | 7.3200 13.837
20 9.8745 | 9.9962 | 7.7530 | 14.745 | 8.2067 14.715
40 11.381 | 11.632| 8.8515| 17.359 | 10.059 16.413
80 14,029 | 14.012 | 10.483 | 20.873 | 12.427 19.007
160 17.028 | 16.814 | 12.736 | 25.365 | 14.475 21.305
320 20.511 | 20.514 | 15.975| 29.969 | 20.764 23.415
640 23295 | 23.522 | 17.698 | 32.393 | 21.441 23.941
1280 23.741 | 23.806 | 19.281 | 33.534 | 22.791 23.941
2560 23.741 | 23.806 | 19.522 | 33.534 | 22.791 23.941
5120 23.741 | 23.806 | 19.522 | 33.534 | 22.791 | 23.941

AT 5.3 LAAIAIANURAN AR AU EIADINAUNTS LaamIAU 50 LaZAISZAUNTAIOY

d 1w
Tnamd 8

ALAANATAIRGY
Mases
mnsmdiaAnasiend 512x512 256x256

(4) Lena | Peppers | Jet Boat Lena Baboon
1 27.5705 | 24.207 | 32.588 | 42.7361 | 50.6645| 177.36

5 28.2002 | 24.786 | 33.063 | 43.1631 | 51.0578 | 177.93
10 29:0171 { 25.559 | 33.576 |, 43.8780 | 515757 | 178.53
20 30.2887 | 27.033 | 34.509 | 45.6738 | 53.0215 180.11
40 32.7693 | 29.625 | 36.768 | 49.3101 | 55.5547 186.12
80 38.1873 | 34.164 | 40.917 | 56.4317 | 62.1403 | 199.28
160 47.6597 | 41.962 | 50.356 | 68.1905 | 79.8209 | 223.65
320 62.5242 | 56.056 | 66.095 | 85.3862 | 100.9897 | 249.64
640 79.2036 | 72.130 | 83.635 | 104.5359 | 119.6328 | 267.74
1280 93.0422 | 90.947 | 99.470 | 122.0321 | 145.6080 282.36
2560 103.2364 | 110.55| 107.30 | 137.1021 | 167.2464 283.36
5120 104.2951 | 122.53 | 109.18 | 140.4932 | 171.3022 | 283.36




M0 5.4 uaasmdadiudygudedygiusuniugeganaunsy leammiiu 10 wazan

o @ 1 a
gﬂﬂﬂ]iﬂ?ﬂu1ﬂ“ﬁlﬂ1ﬂu 8

Mdadudyyune
dyanusUNIUGIYA
(dB)
ansmdiadnatvend 512x512 256%x256

(A Lena | Peppers Jet Boat Lena | Baboon
1 41.462 | 40.818 | 42.501 | 40.531 | 41.681 | 40.728
5 41.026 | 40.436 | 42.015 | 40.246 | 41.386 | 40.529
10 40.629 | 40.084 | 41.6945 | 39.975 | 41.126 | 40.454
20 40.121 | 39.628 | 41.2717 | 39.54 | 40.864 | 40.322
40 39.667 | 39.168 | 40.8622 | 39.142 | 40.523 | 40.248
80 39.170 | 38.621 | 40.4359 | 38.753 | 40.083 | 39.981
160 38.903 | 38.256 | 40.1715 | 38.547 39.83 | 39.978
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clc;
clear;

I =imread('image file");

[11 12 13] = size(D);

if13 ==
=1
else
IT = rgb2gray(I);
end
Th=10;
step = 16;

Count_blkbtc = 0;
Count_blkdct = 0;
[M1 N1]= size(Il);
img = double(1l);
dim = size(img,1);

M=[16, 8,4, 2]; %% Size of block
B_cntl = dim."2./(M(1)*M(1));%% # of blocks per image
B cnt =dim./M;

B_opt=size(M,2); %% # of block sizes available
1=[6, 10, 14,,18];

img_recon = zeros(dim,dim);

bin_recon = zeros(dim,dim);

img_final = zeros(dim,dim);

lambda = [1, 5, 10, 20, 40, 80, 160, 320, 640, 1280, 2560, 5210];
lambda_sz = size(lambda, 2);

J = zeros(B_cnt(1),B_cnt(1)); %% Block Cost Function

D = zeros(B_cnt(1),B cnt(1)); %% Block Distortion

R = zeros(B_cnt(1),B_cnt(1)); %% Block Rate

% QUADTREE CODE-

% [0]0000|-use 16x16 block (0 bits per 16x16 pixels)

% |1{0000/-use4 8x8 blocks (1 bit per 16x16 pixels)

% [1]1000]-use3 8x8 blocks & 4 4x4 blocks (5 bits per 16x16 pixels)
% |1]11010]-use3 8x8 blocks & 4 4x4 blocks (5 bits per 16x16 pixels)
% [1/1111/1000000000000000 - use4 8x8 blocks & 4 2x2
blocks

QTcode = zeros(B_cnt1,22,lambda_sz);



codebook = zeros(85,2,B_cntl,lambda_sz);
bp_rest = zeros(dim,dim,lambda_sz);

% per pixel QTrate

QTrate =[0,1,5,21]/(M(1)*M(1));
% Defined codebook

codebook16 = [];

% %0 %0 %0%0 %0 %0 %0 %0 %% %o %o % %o %o % %o %o Yo %o % % % % Yo
% Detine Block image

B16 = zeros(M(1),M(1)); % 16x16 block

B8 = zeros(M(2), M(2),4); % 8x8 block

B4 = zeros(M(3), M(3),4); % 4x4 block

B2 = zeros(M(4), M(4),4); % 2x2 block

for w=1:lambda sz

%% Loop through each 16x16 block and make the decision whether or
%% not to break down the block into 8x8 and/or 4x4 blocks
k=1;
fori=1:B_cnt(1)
for j=1:B_cnt(1)
row = M(1)*(i-1);
col = M(1)*(j-1);

s=1;
t=1;
u=1;

codebook2 = zeros(64,2);
codebook4 = zeros(16,2);
codebook8 = zeros(4,2);

%Create 16x16 block
B16(:,:) = img(row+1:row+M(1),col+1:col+M(1));

%Subdivide the 16x16 block into 4 8x8 blocks

B8(:,:,1) = img(row+1:row+M(2), col+1:col+M(2));
B8(:,:,2) = img(row+1:row+M(2), col+1+M(2):col+2*M(2));
B8(:,:,3) = img(row+14+M(2):row+2*M(2), col+1:col+M(2));
B8(:,:,4) = img(row+1+M(2):row+2*¥M(2), col+1+M(2):col+2*M(2));

% Calculate the varience use as a threshold
zigma= round(sqrt((mean(mean((B16).72)))-((mean(mean(B16)))."2)));

Y% Compare BTC cost and DCT cost
if zigma <= Th
%% For 16x16 block. find the AMBTC, distortion. bitrate. IAMBTC
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QTcode(k,1,w)=1;

%% For each 8x8 block, find the AMBTC, distortion, bitrate, IAMBTC
%% and cost function

[D16, R16, B_reconl6, Bitplanel6, H16, L16] = blockdis(B16);

J16 = D16 + lambda(w).*R16;

forp=1:4
[D8(p): RS(P), B_ICCOHS(:;:sp): Bitplane8(:,:9p)! H8(:’:’p)’ L8(:’:’p)] =
blockdis(B8(:,:,p));

J8(p) =D8(p) + lambda(w).*R8(p);
end

% Find the average distortion.bitrate. & cost for the 4 8x8 blocks
% Note that for the cost, you must add the additional bits for

% the quadtree code

J8_QT = sum(J8)/4 + lambda(w)*QTrate(2);

% Compare costs: if the cost of 4 8x8 blocks is less than the
% the cost of a single 16x16 block. break up the block
ifJ16 >J8 QT

% Update the quadtree code
QTcode(k,2,w)=1;
codebook16 = [0 0]:;

% Now. compare each 8x8 block with its corresponding 4x4 blocks
forq=1:4

%Subdivide the 8x8 block into 4 4x4 blocks
B4(:,:,1) = B8(1:4,1:4,q);

B4(:,:,2) = B8(1:4,5:8,q);

B4(:,:,3) = B8(5:8,1:4,q);

B4(:,:,4) = B8(5:8,5:8,9);

%% each 4x4 block, find the AMBTC, distortion, bitrate, IAMBTC
%% and cost function

forp=1:4

[D4(p,q), R4(p.q), B_recon4(:,:,p), Bitplane4(:,:,p), H4(:,:;,p) L4(:,;,p)] =
blockdis(B4(:,:,p));

J4(p,q) = D4(p,q) + lambda(w).*R4(p,q);
end

J4_QT = sum(J4(:,q))/4 + lambda(w)*QTrate(3);

% Compare costs; i the cost of 4 4x4 blocks is less than the
% the cost of a single 8x8 block, break up the block



AMBTC
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if18(q) > J4 QT

% Update the quadtree code

QTcode(k,2+q,w) = 1;

% Keep codebook

codebook8(s,:) =[0 0];
forr=1:4

%Subdivide the 4x4 block into 4 2x2 blocks
B2(:,:;,1) = B4(1:2,1:2,1);
B2(:,:,2) = B4(1:2,3:4.1);
B2(:,:,3) = B4(3:4,1:2:);
B2(:,:,4) = B4(3:4,3:4,r);

%% For each 2x2 block. find the AMBTC. distortion, bitrate, invert

%% and cost function
for p=1:4
[D2(p,r), R2(p,r), B_recon2(:,:,p), Bitplane2(:,:,p), H2(:,:,p),
L2(:,:,p)] = blockdis(B2(:,:,p));
J2(p,r) = D2(p,r) + lambda(w).*R2(p,r);
end

J2 QT = sum(J2(:,r))/4 + lambda(w)*QTrate(4);
if J4(r,q)> 12 QT

QTcode(k,l(q)+r,w) = 1;
% Keep codebook
codebook4(t,:)=[0 0];
% Create a "new" 4x4 idet block made up of 2x2 blocks
Y%keep codebook 2x2
codebook2(u:(u+3),:) = [H2(:) L2(:)];
u=u-+4;
t=t+1;
B4 new(1:2,1:2,r) = B recon2(:,:;,1);
B4 new(1:2,3:4,r) =B _recon2(:,:,2);
B4 new(3:4,1:2,r) = B_recon2(:,:,3);
B4 new(3:4,3:4,r) = B_recon2(:,:,4);
Y%keeping the bit plane
bin4 new(1:2,1:2,r)= Bitplane2(:,:,1);
bin4 new(1:2,3:4,r)= Bitplane2(:,:,2);
bin4 new(3:4,1:2,r)= Bitplane2(:,:,3);
bin4 new(3:4,3:4,r)= Bitplane2(:,:,4);

J4 new(r) =J2_QT,
D4 new(r) = sum(sum(D2(:,r)))/4;



R4 new(r) = sum(sum(R2(:,r)))/4 + QTrate(4);
else
codebook4(t,:) = [H4(:,:,r) L4(:,:,1)];
u=u+4;
t=t+1;
B4 new(:,;,r) = B_recon4(:,:,r);
bin4 new(:,:,r) = Bitplane4(:,:,r);
J4 new(r) = J4(r);
D4 _new(r) = D4(r);
R4 new(r) = R4(r) + QTrate(3);
end

end %for r
% Create a "new" 8x8 block made up of 4x4 blocks

B8 new(1:4,1:4,q) = B4 new(,:,1);
B8 new(1:4,5:8,q) = B4 new(:,:,2);
B8 new(5:8,1:4,q) = B4 new(:,:,3);
B8 new(5:8,5:8,q) = B4 new(:,:,4);
bin8 new(1:4,1:4,q)=bin4 new(:,:;,1);
bin8 new(1:4,5:8,q)=bin4 new(:,:,2);
bin8 new(5:8,1:4,q)=bin4 new(:,:,3);
bin8 new(5:8,5:8,q)=bind new(:,:,4);
J8_new(q) =J4 QT;
D8 new(q) = sum(sum(D4(:,q)))/4;
R8 new(q) = sum(sum(R4(:,q)))/4 + QTrate(3);

% Ifit costs less to use this 8x8 block, don't split it
else
codebook8(s,:)=[H8(:,:,q) L8(:,.,q)];
t=t+4;
B8 new(:,:,q) = B_recon8(:,:,q);
bin8_new(:,:,q) = Bitplane8(:,:,q);
J8_new(q) = J8(q);
D8 new(q) =D8(q);
R8 new(q) = R8(q) + QTrate(2);
end
s=s+1;
end % for g

% Create a "new" 16x16 invert AMBTC block made up of 8x8 blocks
B16 new(1:8,1:8) = B8 new(:,:,1);
B16 _new(1:8,9:16) = B8 new(:,:,2);
B16_new(9:16,1:8) = B8 new(:,:,3);
B16 new(9:16,9:16) = B8 new(:,:,4);
binl6_new(1:8,1:8) = bin8 new(:,:;,1);
binl16_new(1:8,9:16) = bin8 new(:,:,2);
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binl6 new(9:16,1:8) = bin8_new(:,:,3);
binl6 new(9:16,9:16) = bin8_new(:,:,4);

% Store the cost, distortion and rate for the new image

J(i,)) = sum(J8 new)/4;
D(i,j) = sum(D8 new)/4;
R(i,j) = sum(R8 new)/4;

% Add the created 16x16 block to the reconstructed image

img_recon(row+1:row+M(1),col+1:col+M(1)) = B16 new;
bin_recon(row+1:row+M(1),col+1:col+M(1)) = binl6 new;

% It it costs less to use the 16x16 block. don't split it

else

% Add the 16x16 block to the reconstructed image

codebook16 = [H16, L16];
img _recon(row+1:row+M(1),col+1:col+M(1)) = B_reconl6;
bin recon(row+1:row+M(1),col+1:col+M(1)) = Bitplanel6;

J(1,)) =116,
D(i,j) = D16;
R(i,j) =R16;
end
if sum(codebook16)>0
codebook(1,: k,w)= codebook16;
else
codebook(1,:,k,w)= [0 0];
end
if sum(codebook8)>0
codebook(2:5,:,k,w) = codebook8;
else
codebook(2:5,:,k,w)=0;
end
if sum(codebook4)>0
codebook(6:21,: k,w) = codebook4;
else
codebook(6:21,: k,w)=0;
end
if sum(codebook?2)>0
codebook(22:85,: k,w) = codebook2;
else
codebook(22:85,: k,w) = 0;
end

k=k+1;
s=40;



98

t=0;

u=0;

codebook16 = [];
codebook8 = [];
codebook4 = [];
codebook2 = [];

clear bp_rest;
bp_rest(:,:,w) = bin_recon;

else % J16> 1T dctl6

QTcode(k,1,w) =0;
[D dctl6, R detl6, B idctl6 ] = blk_calc1(B16, step);
J dctl6 = D dctl6 + lambda(w).*R_dct16;

for p=1:4
[D dct8(p), R _det8(p), B_idct8(:,:,p)] = blk_calc1(B8(:,:,p), step);
J dct8(p) =D _dct8(p) + lambda(w).*R_dct8(p);

end

% Find the average distortion.bitrate. & cost for the 4 8x8 blocks
% Note that for the cost, you must add the additional bits for
% the quadtree code

J dct8 QT =sum(J_dct8)/4 + lambda(w)*QTrate(2);

% Compare costs: if the cost of 4 8x8 blocks is less than the
% the cost of a single 16x16 block, break up the block
if J dctl6 >7J dct8 QT

% Update the quadtree code
QTcode(k,2,w) =1,

% Now, compare each 8x8 block with its corresponding 4x4 blocks
for g=1:4

%Subdivide the 8x8 block into 4 4x4 blocks
B4(:,:,1) = B8(1:4,1:4,9);
B4(:,:,2) = B8(1:4,5:8,9);
B4(:,:,3) = B8(5:8,1:4,9);
B4(:,:,4) = B8(5:8,5:8,q);

%% For each 4x4 block. find the DCT., distortion, bitrate, IDCT

%% and cost function

for p=1:4
[D dect4(p,q), R_dctd(p,q), B_idctd(:,:;,p)] = blk_calc1(B4(:,:,p), step);
T dct4(p,q) =D_dct4(p,q) + lambda(w).*R_dct4(p,q);

end
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J dct4 QT = sum(J_dct4(:,q))/4 + lambda(w)*QTrate(3);

% Compare costs: if the cost of 4 4x4 blocks is less than the
% the cost of a single 8x8 block, break up the block
if J_dct8(q) >J dct4 QT

% Update the quadtree code
QTcode(k,2+q,w) = 1;

forr=1:4

%Subdivide the 4x4 block into 4 2x2 blocks
B2(:1) =8B4(1:2,1:2,1);
B2(:;:,2) = B4(1:2,3:4.1);
B2(:,;,3) = B4(3:4,1:2.r);
B2(:,:,4) = B4(3:4,3:4,);

%% For each 2x2 block. find the DCT, distortion, bitrate, IDCT
%% and cost function

for p=1:4
[D det2(p,r), R dct2(p,r), B_idct2(:,:,p)] = blk calc1(B2(:,:,p),
step);
J dct2(p,r) =D_dct2(p,r) + lambda(w).*R_dct2(p,r);
end

J dct2 QT = sum(J_dct2(:,r))/4 + lambda(w)*QTrate(4);
if J_dct4(r,q)>J dct2 QT

QTcode(k,l(g)+r,w) = 1;

% Create a "new" 2x2 idet block made up of 2x2 blocks

B4 new(1:2,1:2,r) =B idet2(:,:,1);

B4 new(1:2,3:4,r) =B_idct2(:,:,2);

B4 new(3:4,1:2,r) =B_idct2(:,:,3);

B4 new(3:4,3:4,r) = B_idct2(:,:,4);

J dct4 new(r) =7 dct2_QT;
D_dct4 new(r) = sum(sum(D_dct2(:,1)))/4;
R _dct4 new(r) = sum(sum(R_dct2(:,r)))/4 + QTrate(4);
else

B4 new(:,;,r) = B_idct4(:,:,r);
J dct4 new(r) =7 dectd(r);
D dct4 new(r) =D _dct4(r);
R dct4 new(r) = R_dct4(r) + QTrate(3);



end
end %forr

% Create a "new" 8x8 idct block made up of 4x4 blocks
B dct8 new(1:4,1:4,q) =B idct4(:,;,1);
B dct8 new(1:4,5:8,q) =B _idct4(:,:,2);
B_dct8 new(5:8,1:4,q) =B _idct4(:,:,3);
B_dct8 new(5:8,5:8,q) =B _idct4(:,:,4);
J_dct8 new(q) =7 dct4 QT;
D_dct8 new(q) = sum(sum(D_dct4(:,q)))/4;

R_dct8 new(q) = sum(sum(R_dct4(:,q)))/4 + QTrate(3);

% 1l it costs less to use this 8x8 block. don't split it

else
B dct8 new(:,:,q) =B idct8(:,:,q);
J_dct8 new(q) =1 dct8(q);
D_det8 new(q) =D_dct8(q);
R _dct8 new(q) =R dct8(q) + QTrate(2);
end

end % for g

% Create a "new" 16x16 idet block made up of 8x8 blocks
B dctl6 new(1:8,1:8) = B dct8 new(:,:,1);
B_dctl6 new(1:8,9:16) = B dct8 new(:,:,2);
B_dctl6 new(9:16,1:8) = B_dct8 new(:,:,3);
B dctl6 new(9:16,9:16) = B_dct8 new(:,:,4);

% Store the cost. distortion and rate for the new image
J_det(i,j) = sum(J_dct8 new)/4;
D_dect(i,j) = sum(D_dct8 new)/4;
R_dect(i,j) =sum(R_dct8 new)/4;

% Add the created 16x16 block to the reconstructed image
img_recon(row+1:row+M(1),col+1:col+M(1)) = B_dctl6 new;

% If it costs less to use the 16x16 block, don't split it
else

% Add the 16x16 block to the reconstructed image
img_recon(row+1:row+M(1),col+1:col+M(1)) = B_idct16;

J(1,)) =T _dectl6;
D(i,j) =D _dct16;
R(i,j) =R _dctl6;
kk =k;
k=kk+1;
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end
end % for |
end % fori

end

% find the total cost function. rate and distortion for the entire image
% (2x2.4x4. 8x8. 16x16. best)

JT(w) = sum(sum(J(:,:)))/(B_cnt(1)*B_cnt(1));

DT(w) = sum(sum(D(:,:)))/(B_cnt(1)*B_cnt(1));

RT(w) = sum(sum(R(:,:)))/(B_ent(1)*B_cnt(1));

fprintf('J = \n');
forintf(%8.4fn' JT(w)):
fprintf('D = \n");
fprintf('%8.4An’,DT(w));
fprintf('R = \n");
fprintf('%8.4H\n',RT(w));

Y% Calculate a number of blocks

% Block of BTC

Blkbtc(:,:,w) = sum(QTcode(:,1,w)==1);

Blkdct(:,:,w) = sum(QTcode(:,1,w)==0);

Allblk(:,:,w) = Blkbtc(:,:,w)+Blkdct(:,:,w);

fbtc = find(QTcode(:,1,w)==1);

Blk16_btc(:,:,w) = sum(QTcode(fbtc,2,w)==0);

BIk8_btc(:,;,w) = sum(sum(QTcode(fbte,3:6,w)<1))- (BIk16 bte(:,:,w)*4);
Blk4_btc(:,:,w) = sum(sum(QTcode(fbte,7:22,w)<1))-(BIk8_btc(:,:,w)*4)-
(BIk16_btc(:,:;,w)*16);

Blk2_btc(:,:,w) = sum(sum(QTcode(fbtc,7:22,w)==1))*4;

% Block of DCT
fdct = find(QTcode(:,1,w)==0);
BIk16_dct(:,:;,w) = sum(QTcode(fdct,2,w)==0);
BIk16_dct(:,:,w) = sum(QTcode(fdct,2,w)==0);
BIk8_dct(:,:,w) = sum(sum(QTcode(fdct,3:6,w)<1))- (Blk16_dct(;,:;,w)*4):
Blk4_dct(:,:,w) = sum(sum(QTcode(fdct,7:22,w)<1))-(BIk8_dct(:,:;,w)*4)-
(BIk16_dct(:,:;,w)*16);
Blk2_dct(:,:,w) = sum(sum(QTcode(fdct,7:22,w)==1))*4;
fprintf('BTC and DCT blocks\n');
fprintf('%8.4f\n',Blkbte(:));
forintf(%8.4n’ Blkdct(:)):
fprintf('block size 16x16 BTC, DCT\n');
fprintf(’%8.41\n",Blk16 btc(:));
fprintf('%8.4f\n',BIk16_dct(:));
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fprintf('block size 8x8,BTC, DCT\n');
forintf('%8.40\n’,BIk8 btc(:)):
fprintf('%8.4f\n",B1k8 dct(:));
fprintf('block size 4x4 ,BTC, DCT\n');
fprintf('%8.4\n',Blk4 btc(:));
forintf(%8.4\n",BIk4_dct(:)):;
fprintf('block size 2x2, BTC, DCT\n');
forintf('%8.4f\n',BIk2_btc(:));
fprintf('%8.4f\n',Blk2_dct(:));

Calculate PSNR
PSNR = 10*10g10(255*255./DT);

end % for w

%%%%% %% %% %% % % % %% %% % % % % % %% % % %6 % % %% % % %% % % % Y
Function Calculate Distortion for AMBTC

function [D, R, B_recon, Bp, H, L] = blockdis(B)
¥7 Bs
[m1 nl]=size(y);
mu = mean(mean(y));
H=mu;
alpha = absdev1(y);
L = alpha;
aa=mu;
Bit=16;
bb = alpha;
b =y > mu ; %the binary block
Bp =b;
K=sum (sum(b));
if sum(b)==0
B=y;
else
if (K~=ml*nl) & (K~=0)
aaa = aa - ((m1*n1*bb)./(2*(m1*n1-K)));
bbb = aa + ((m1*n1*bb)./(2*K));
B =b*bbb + (1- b )*aaa;
end
end
Er=(y-B).”2;Er=sum(Er(:));
D =Er./(m1*nl);
B_recon = B;

bitplane = length(b(:)");

R = (Bit + bitplane)./(m1*n1);
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%0%%0%%%0%0% %% %% %% %% % %% % %% %0 % % %0 %% % %% % %6 %% % % %

%function to create blocks from code tree
Yoilafdunisnensianes Lagran variable block truncation encode Tasmsnoasdrnindulifsia
bin_recon = bp_rest(:,:;,1);
dim = size(bin_recon,1);
B cnt =dim./16;
r=1;
p=1
q=15,9,13,17];;
bp_recon = zeros(dim,dim);
fori=1:B cnt(1)
forj=1:B cnt(1)
row = M(1)*(i-1);
col = M(1)*(j-1);
%Create 16x16 block
B16(:,:) = bin_recon(row+1:row+M(1),col+1:col+M(1));
%Subdivide the 16x16 block into 4 8x8 blocks
B8(:,:,1) = bin_recon(row+1:row+M(2), col+1:col+M(2));
B8(:,:,2) = bin_recon(row+1:row+M(2), col+1+M(2):col+2*M(2));
B8(:,:,3) = bin_recon(row+1+M(2):row+2*M(2), col+1:col+M(2));
B8(:,:,4) = bin_recon(row+1+M(2):row+2*M(2),
col+1+M(2):col+2*¥M(2));
CT =QTcode(r,:,1);
if sum(CT)==0
bp_recon = bin_recon;
else
for k=1:4
if (CT(k+p)) >0
B4(:,;,1) = B8(1:4,1:4.k);
B4(:,:,2) = B8(1:4,5:8k);
B4(:,:,3) = B8(5:8,1:4,k);
B4(:,:,4)=.B8(5:8,5:8.%);
for 1=1:4
B2(:.:.1) = B4(1:2,1:2.));
B2(:,:,2) = B4(1:2,3:4,));
B2(:,:,3) = B4(3:4,1:2,);
B2(:,:;,4) = B4(3:4,3:4,));
if (CT(1+q(k)))>0
B4 _new(1:2,1:2,1) =B2(:,:,1);
B4 new(1:2,3:4,1) = B2(:,:,2);
B4 new(3:4,1:2,1) = B2(:,:,3);
B4 new(3:4,3:4,1) =B2(:,.4);
else
B4 new(:,;,1) = B4(:,.,]);
end
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end % forl
B8 _new(1:4,1:4.k) = B4 new(:,:;,1);
B8 new(1:4,5:8,k) =B4 new(:,:,2);
B8 new(5:8,1:4,k) = B4 new(:,:,3);
B8 new(5:8,5:8,k) = B4 new(:,:,4);
else
B8 new(1:8,1:8,k) = B8(:,:,k);
end
end % for k
%reconstruct from 8x8 to 16x16
B16_new(1:8,1:8) = B8 new(:,;,1);
B16 new(1:8,9:16) = B8 new(:,:,2);
B16_new(9:16,1:8) = B8 new(;,:,3);
B16_new(9:16,9:16) = B8 new(:,;,4);
%final reconstructed
bp_recon(row+1:row+M(1),col+1:col+M(1)) = B16_new:;
end
end % for B_cnt
r=r+1;
end

%0%0%0%0%6%0%0%0%0% %% % % %% % %% % % %% % %% % %% % % % % % % % % Yo

%This is m-file for BTC encoding
function [codeword,codebook] = stbtcencode(I,blksize)
%I is an image for encode
%blksize is size for divided image to block
Y%codeout is a codeword (binary)
Y%codebook is a mean of data that higher and lower then data
[N M]=size(]),
oriimg=imgtoblock(I,[blksize blksize]);
[xx yy zz]=size(oriimg);
codedata =[];
codebookl = [];
blockdata = [];
forjj=1:zz
img =imgtovector(oriimg(:,:,jj));
mu = mean(img);
zigma = std(img);
fl = find(img >= mu);
f2 = find(img < mu);

max1 = max(img(fl));

max2 = max(img(f2));

minl = min(img(f1));

min2 = min(img(f2));
max22=isempty(max2);
if ((max22~=1)|(min2>0)|(min2<0))
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codebook1(:,:,jj)=[mu zigma ];
else
codebook1(:,:,jj)=[mu 0];

end

%conversion each picxel to '0' or '1'
img(fl)= 1,
img(f2)= 0;

codedata(:,:,jj) = img;

end
codeword(:,:)=codedata(:,:);
codebook=codebook1;

%%%%%%0%% %6 %% % %% % %0 %% %% % %% % %0 %% %0 %% %0 %0 % %0 %% % %

%This m-file for decode of BTC decode
function image = stbtcdecode(codeword,codebook,imsize,blksize)
%codeword is a transform of image to binary code
%codebook is a code for keep original image
%imsize is a size of reconstruct image ( using [n m])
%blksize is size for divided image to block
m=blksize*blksize;
code = vec2mat(codeword,m);
[n m] = size(code);
row = imsize(1);
col = imsize(2);
%n is a row of code
%m is a column of code
for v=1:n
datablk(:,:,v)=vec2mat(code(v,:),blksize);
end
k=1;
forj=1:n
a = codebook(:,:,));
data = imgtovector(datablk(:,:,)));
for i = 1:blksize
for I=1:blksize

x = datablk(i,l,j);
fl = find(data==1);
f2 = length(f1);
if (x==1)
aa =a(1)+a(2)*sqrt((m-f2)./£2);
datablk(i,Lj)=aa ;
else
bb =a(1)-a(2)*sqrt(f2./(m-12));
datablk(i,1,j)=bb;
end
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aa=0;
bb=0;
end
end
k=k+1;
end

I =blockToimg(datablk,[row col]);
image = (I);

Yo UY6%6 %% %% YoY% %o %o %% %% %o Vo Yo 6% %6 % %6 %6 % % % % % %%

%This is m-file for AMBTC encoding
function [codeword,codebook] = ambtecencode(L,blksize)
%I is an image for encode
%blksize is size for divided image to block
%codeout is a codeword (binary)
Y%codebook is a mean of data that higher and lower then data
[N M]=size(I);
oriimg=imgtoblock(I,[blksize blksize)),
[xx yy zz]=size(oriimg);
codedata =[];
codebookl = [];
blockdata = [];
forjj=1.zz

img =imgtovector(oriimg(:,:,jj));

mu = mean(img);

alpha = absdev(img),

fl = find(img >= mu);

f2 = find(img < mu);

max1 = max(img(f1));

max2 = max(img(f2));

minl = min(img(f1));

min2 = min(img(f2));

max22=isempty(max2);
if ((max22~=1)|(min2>0)|(min2<0))
codebookl(:,:,jj)=[mu alpha ];
else
codebook1(:,:,jj)=[mu 0],

end

%conversion each picxel to '0' or 'l
img(fl)= 1,
img(f2)= 0;

codedata(:,:,jj) = img;
end
codeword(:,:)=codedata(:,:);
codebook=codebook1;

%%0%%%0 %0 %0 %0 %% %% %% % %0 % % %% %% %0 %% %0 %% %6 %% %0 %0 %% % %%



%This m-file for decode of AMBTC

function image = ambtcdecode(codeword,codebook,imsize,blksize)
%codeword is a transform of image to binary code
Y%codebook is a code for keep original image
%imsize is a size of reconstruct image ( using [n m])
%blksize is size for divided image to block
m=blksize*blksize;

code = vecZ2mat(codeword,m);

[n m] = size(code);

row = imsize(1);

col = imsize(2);

%n is a row of code

%m is a column of code

for v=1:n
datablk(:,:,v)=vec2mat(code(v,:),blksize);
end
k=1;
forj=1:n

a = codebook(:,:,j);
data = imgtovector(datablk(:,:,}));
for i = 1:blksize
for 1=1:blksize
x = datablk(i,l,j);
f1 = find(data==1);
q = length(f1);
if (x==1)
bb = a(1)+((m*a(2))./(2*q));
datablk(i,l,j)=bb ;
else
aa = a(1)~((m*a(2))./(2*(m-q)));
datablk(i,l,j)=aa;
end
aa=0;
bb=0;
end
end
k=k+1;

end
I =blockToimg(datablk,[row col]);
image = (I);

Y0%%%%0% % %% %% %% %% % %% %% % %% %0 %0 % %% % %6 %0 % % % % % % %

%This is m-file for encode BTC variable coding
function [codeword,codebook,index,S,numblk] =
var_btcencode(l,th,minsize,maxsize)
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% %0 %0 %0 %0 %0 %0 %0 %0 % %0 %o %o %o %o %o %o %o %o %o %o %o %o %o %o %o % %o % % % % % % Yo
%0 %0 %0 %0 %0 %0 %0 %0 %o %o %0 %0 % %o %o %o %o % %o %0 % % % %o
%I is an image for division ,but I should be double type
%ith is a threshold.Note that the threshold value is specified
%as a value between 0 and 1 regardless of the class of 1.
%If 1 is uint8,the threshold value you supply is
%multiplied by 255 to determine the actual threshold to use:If I is
%uint16,the threshold value you supply is multiplied by 65535
%minsize is a mininum divided block size .that at least equal to 2
%maxsize is a maximun divided block size ,that at most equal to 4
[numblk,row_ind,col_ind]=var_btcencodel(I, th,minsize,maxsize);
S = gtdecomp(L,th,[minsize maxsize]);
%S = qtdecomp(I,th,[minsize maxsize]);
[al bl]=size(numblk);
blksize = numblk;
k=0;
p=ilz
[s1 s2]=size(S);
codebook=[];
init_output=I;
while(k<al)
for 1=1:al
a2 = numblk(l,:);
[vals,r,c] = qtgetblk(1,S,a2(1));
a3 = length(r);
image = zeros(a2(1),a2(1));

forn=1 :a3

vector = vals(:,:,n);

val = imgtovector(vector);

mu = round(mean(val));

zigma = round(std(val));

fl = find(val >=mu);

f2 = find(val < mu);

max1 = max(val(fl));
max2 = max(val(f2));
minl = min(val(fl));
min2 = min(val(f2));
max22=isempty(max2);
if ((max22~=1)|(min2>0)|(min2<0))
codebook1(:,:,p)=[(mu) (zigma)];
else
codebook1(:,:,p)=[(mu) (0)];
end
val(fl)=1;
val(f2)= 0,
row =r(n);
col = c(n);
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pic = vec2mat(val(:,:),a2(1));
image(:,:,n) = pic;
p=p+1;
end
out = gtsetblk(init_output,S,a2(1),image);
init_output=out;
k=k+1;
end
end
codeword=imgtovector(out);

%find the index of row and col and blocksize
a4=find(row_ind>0);
b4=find(col_ind>0);
index1=[row_ind(a4),col ind(b4)];
k=1;
for i=1:al
num = numblk(i,2);
for j=1:num
ind(:,:,.k)=[index1(k,:) numblk(i,1)];
k=k+1;
end
end
index=ind;
sizeind = length(index);
for r=1:sizeind
codebook(:,:,r) = [codebook1(:,:,r)];
end

VoYY Yoo Yo Vet WU oo Yo %% % %o %% Vo Vo %o %o %% %% %%

%This is m-file for decode BTC variable coding
function image = var_btcdecode(codeword,codebook,c,r,imgsize)
%imgsize is a size of image ex. [256 256]
Y%transform codeword to image (black&white)

a = imgsize;

code = vec2mat(codeword,a(1));

%check index

imagel = zeros(a(1),a(2));

%determine posititon

%build Sparse matrix

imagel = runleng_decode(c,r);
S=vecZmat(imagel,[imsize]);

%prepare matrix of image for instread sparse matrix

cbleng = length(codebook);
cwleng = length(codeword);
datablk=[];



blk=[124 8 16 32];

blkleng =length(blk);

I=1;

picture=imagel;

while (I< cbleng)

for j=1:blkleng

[vals,r,c]=qtgetblk(code,S,blk(j));
lengvals = length(r);

if (r>0)

for k=1:lengvals
[svalsl svals2 svals3]= size(vals);
datablk = zeros(svals1,svals2);

for m=1:svalsl

for n=1:svals2
a = codebook(:,:,1);
x = vals(m,n,k);

if (x==1)
vals(m,n,k) = a(1);
else
vals(m,n,k) = a(2);
end
end
end
newvals(:,.,k) = vals(:,:,k);
I=1+1;
end

out = gtsetblk(picture,S,blk(j),newvals);
picture = out;
newvals = [];
else
end
end
end
image = (out);
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