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9> VISCOM

Transform Coding

B The goal of transform
" To decorrelate the ariginal signal

B To redistribute among a small set of transform
coefficients

B [mage Transform

f(x,y) = ﬂ

®Eourier transform An alternative

) ; mathematical
®Discrete cosine transform | pepresentation

"Walsh-Hadamard transform ' of animage

B ave et transtorm

08
0
r=
r8
-4
e

> ISCOM

DCT

BDOCT summary

" To decompose each
input block into a series
of waveforms, each with
a particular spatial
frequency

= Most of the visually
significant information is
concentrated in just a
few coefficients

® sed in image/svideo
compression

% For 8-by-B DCT, the 64 basis functions

FASHATE




9> VISCOM

DCT(eont.)
® The Two—-dimensional M by N DCT

0< p=<M -1
0<g< N -1
L z(2m+Dp  a(Zn+ g
B = o COS COS
P F ‘i‘m=n ;Am” 2M 2N
/M, p=0 1N, =0
o = f o —
WM, 1spsh—1 7 |{2/N, 129<N-1
Bas Mo
VISCOM
DCT{(cont.)
® The Two—dimensional M by N [DCT =
0<m=<M -1
0<m=<N -1
ek B z(2m+D)p  xz(2nr+1lg
Am=>. D oo B, cos ooy
p=0 g=0
/M, p=0 1N, =0
o = f o —
P o2iM 1=p<h—1 7 |J2/N, 1=g<N-1
Bas Mo




| 9> VISCOM

DCT(cont.)

® Example
Input
@ 161 161 150 154 168 164 154
171 154 161 150 157 171 150 164
171 168 147 164 164 161 143 154
164 171 154 161 157 157 147 132
161 161 157 154 143 161 154 132
164 161 161 154 150 157 154 140
161 168 157 154 161 140 140 132

w 161 157 150 140 132 136 12s

| 9> ISCOM

DCT(cont.)

B | ow pass filtering

B High pass filtering

08
0
r=
r8
-4
e
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DCT(cont.)

Image

Lossy Compressed Data

B DCT-based image coding system

yiscon - H

Program

= 22090 DOTE % 55

for (y=0; y<m_nHeight ; y+=N) {
for (x=0; x<m_nWidth ; x+=N) {
for (1=0; 1=N; I++) {
for (k=0; k=<N; k++) temp[k]=ptrSource[yH ][x+k];

det(ternp); <£ M ghaF
for (i=0; L=N; k++) z[l][k]=temp[] =
) 1%+ DCT

for (k=0; k=N; k++) {
for (1=0; 1=N; I++)  temp[l]=z[1][k];

det{temp); o gt
} for (1=0; I<N; 1++) z[l][k]m el




9> VISCOM

Program(cont.)

" DCT &=

y[i] += termp[j]*eos((2*+1)*1*M_PI/(2*N));
ifi==0) y[i] = (Lisqrt(N))*y[i];
} else yli] = (sqrt(2)/sqrt(N))*y[il;
for(i=0; i<N; i++) temp[i]=v]i];

}

void CDCThilter::det(float temp|[])
{
inti, j;
float y[N]={0, }; _
1At8 DCT
for(i=0; i=<N; i++){
For(j=0; j=N; j++)

08
0
r=

8
-
nz

> VISCOM

Program(cont.)

® Filtering

for (1=0; 1<N; 1++) {

for (k=0; k=N; k++) {
if (1=N/4 || k=N/4) _ . ‘
#[1][k]F0; ﬁfﬂw Pass Fllterln.g

}
¥

for (1=0; 1=N; 1++) {

for (k=0; k=N; kt++) {

z[1][k]=0;

if (1<N/M4 || k<N/M) —u{igh Pass Filtering ‘

b

}

08
0
r=

8
-
nz




> VISCOM

Program(cont.)
m 22090 IDCTRA 55

for (k=0; k=N; k++) {
for (1=0; 1=N; 1++) temp[l]==z[1][k];

for (1=0; 1=N; 1++) {
for (k=0; k=N; k++) temp[k]=z[1][k];

idet(ternp); & 2rak ‘
} for (1=0; I<N; I++) Al][k]=temp[1]; 148 IDCT

if(77==0) ¢ = 1/sqrt(N});
else ¢ = sqrt(2)/sqri(N);
} k[i] += c*templ[j]*eos(((2*+1)*j*M_P/(2*N));
for(i=0; i=<N; i++) temp[i]|=k[i];
¥

idet{temp); SH =Sk
o), i o e ‘
ol 1i# IDCT
p == ptrDest[y+][x+k];
}
}
agsHax i
> ISCOM
Program(cont.)
" DCT B &
void CDCTfilter::idet(float temp[])
{
inti, j;
float k[N]={0,}, ¢; -
SARRN e 1A+ IDCT
for(i=0; i=N; i++)
for(j=0; j<N; j++){

08

0
r=
r8
-4
e




Program(cont.)

® Color mode
for (v=0, y<m_nHeight | y+=10) {
for (z=0; z<m nWidth | z+=b) {
fior (1=0; 11, 14+ {

for (e, k< ks S A S R.GB
temnpk]=ptrSource[v+] [z=+k]; L o [l
temp1{k] = temp[ld] R | B2 = LI 0o
temny gli] = temp[k].G; ol =Lt

temph[k] = templk] B,

)

det(tempz),

det(temyp g,

det(temp by,

for (ke=0; k<b, kt+){
zr{1] k] =tempifk],
zz[1][k]=temp g[k],
zh[1] [k]=temph[k],

)

3

> VISCOM

Program(cont.)
® ser Interfac

sﬂhwi}ﬁby :
y16,32by

LAl WM e 1 e |

S4SHNAFH




@S VISCOM

19> 1 ISCOM

- Test(cont.)

m 8 by 8 gray DCT
low pass filtering

B byB8gray DCT
high pass filtering

08
0z
r=
r8




19> 1 15COM

Test(cont.)

W 32 by 32 color DCT
low pass filtering

B 32 by 32 color DCT
High pass filtering

08
0z
r=
r8
-4
e

N> 1 1SCOM
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ZA o] Huffman Code°] t}.

a9 25 FlERt =S ARESte] dHlolE EFo] o9 a3t HdevkE HolE: o o
" odloly 579 499 &E 04, 022, 0.20, 0.06, 0.05, 0.04, 0.03&= 77} 0, 1, 2, 3, 4,
5,6 olgk= 7/l s ZhHThal ZhA s Bt

lsted, WA 27 25-(b)ollA AH 50| B FEo| Hast=
oo 2 o] v v 2 M g7 E "5k 67)
S Y 25-(b)llAAH branchZ JZ%Y. 2 v olE9o] A
S AAbsta(el A2 ZF gre] gE Folth) ol AS o]E59] branch7t #FolA

AZAEH, o] 55 3ol o2 3L (junction A) ©] Alxtel Al 5
L 3AH(e] - junction AolA 0072 ®AE th) I oo v 3
Aok 'S E B g e 2E MRS R §9] junction B2 A4 @rh.(1d 25-(c)

o]
£=3

o

Symbal | Probebiity Symbol | Probability Symbol | Probability
0 0.4 a 0.4 0 0.4
] 0.22 1 0.22 1 0.22
2 0.20 — 2 0.20 —— 2 0.20
a 0.06 3 0.08 3 0.06 jﬂ."
4 0.05 4 0.05 ; ggi
5 0.04 - 0.04 Q.07 | 0.07
6 0.03 6 | o003 —B& 8 003 —&
{a) (b} (c)
Symbol | Probabisy Spmbal | Probsbilly 9
4] 0.4 1] 0.4
1 a.z22 1 0.22
2 0.20 % 2 0.20 1
3 0.08 11 3 0.08 1
4 0.05 0.19 4 0.05 1
5 0.04 5 0.04
[:] 0.03 Q.07 & 0.03
(d) {8}
1] v}
1 10
2 110
a 11100
4 1110
5 11118
-] 11111

Fig 25. An example of how a Variable Length Code is constructed using the Huffman
Code.

1 e junction A¢t junction BE Zsle] By FE o]
Aok (2 E 25-(d) ©] FAHS branch”F vwpA| 2 Frol] 944
SARE

124 o &
S 2y 7] 938 2 junction® ¥ branch’} ¥tEA] UHE mtE R 2
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Introduction Image Transforms 2

@ Topics
# Unitary transform
# Discrete Fourier Transform (DFT)
# Discrete Cosine Transform (DCT)
# Discrete Sine Transform (DST)
# Discrete Walsh Transform (DWT)
# Discrete Hadamard Transform (DHT)
# Haar transform
# Slant transform
¢ Karhunen-Loeve(KL) transform

Tisual Com. Lab K}M ST

020421

Unitary Transforms Iage Transforms 3

@ Unitary Transformation for 1-Dim. Sequence
# Series representation of {#(M)0=<n<N-1}

A1
v=Au = v(k)=> alk,nu@@), 0k <N-1

n=l

A1
u=Av = um=>3 dknwk), 0sn<N-1
n=0

where A7 = A" (unmitary matrin)

# Basis vectors © ' —{g"(k,n),0sn < N-1)
# Energy conservation :
v=Au = [v|’=|lul?

A Eiln
ClvIP= 2@ f =u 4T du=u" =3 Ju (@) =l )
oy n=l

Visual Com. Lab m' ST

08-04-21



Unitary Transforms{Cont.) Image Transforms 4

@ Unitary Transformation for 2-Dim. Sequence

# Definition :
A-107-1
vk, ) =3 > ulm,na,  (m,n), 0<ki<N-1
=l p=l

MN-1-1
u(m,n)=>">"v(k,Da;,(m,n), 0<mn<N-1

k=0 =0
# Basis images :  {a,,(m,n)}
# Orthonormality and completeness properties
[ Orthonortnal'Jt\?fl:

A1

Egak;(m,n)a”.(m,n) =BG -k,1-1")
# Completeness :

M-l W-1

ZZ{:U(m,n)a:J(m',nl)z Sm—-m n-n)

k=l 3D
Visual Com. Lab MIST

08-04-21

Unitary Transforms(Cont.) Image Transforms 5

@ Unitary Transformation for 2-Dim. Sequence

¢ Separable Unitary Transforms
® a,,(m,n)=a,(m)bn)
N-1 N-1

vk ) =30 a (mu(m,n)a; (n) <> V = AUAT
ulm,n)= Nz_lwz_la; (m)vik,Da; (n) <> U =A"vA"

® separable transform reduces the number of multiplications and
additions from o(w*) to ow?®)

¢ Energy conservation

N-1A-1 A-1 N1

S ulma) =35 vk D)

wal] 2=l k= i=0

Visual Com. Lab m' ST

08-04-21



Discrete Fourier Transform (DFT) Image Transforms 6

® -dim. DFT
# Definition
f{(n ,r=0,--,N-1
ﬂ =
A {0 , Otherwise
& Inverse DFT
1 -1 N
=S Fiow , n=0,--,N-1
i =37 2 En
0 . Otherwise
# Forward DFT

Fe)= Nz_lf(n)W;?‘, =0, N -1

dr
i
where W, =e ¥

Visual Com. Lab m' ST

08-04-21

DFT (COHt) Image Transforms 7

@ 1-dim. DFT (cont.)
# DFS and DFT
® Discrete Fourier Series for periodic signals (DFS)
~ 1 ML, _}Qari?ﬂ i~ -1 — —_;'Earin
EGD= _Z Grmslhkle M, Gl = Zg(ﬂ)é‘ o
Nt-ﬂ =0
where 2= 3" gln— k)
f

# DFT for one period of periodic signals
1 4H .}'h%ﬂ Pl —j2n.—§rn
gin)= EZ Gprrlke Ry(1), Gper(k)= Z gnje

L] n=l

# DTFT and DFT for one period of periodic signals
gl = .[il Gﬂyp‘r(‘f:e.mﬂdf, Gper(S) = Z & (-’“3>é5'_‘;'.2"”bq
2

G ey &)= G ppey q>|f'%r

Visual Com. Lab m' ST

08-04-21



DFT (COHt) Image Transforms s

® 1-dim. DFT (cont.)

# Periodic Sampling , CTFT and DTFT
gs(t) = g, () e s(t)

()
= | &0 where s(t)=73 F(t - mAz)
g;;]ifg @ (Founer Transform)
© G, (/) =GN
Na(f} /\/\A 7'v\recnnstmctwnﬁlter
2l d 2, 4BIB g 2 3% 4 f
?5@ G([f)=— ZG (f-1I- _:.
t it
o A4 0 4o 7 =ﬂfs§Gaq—4f-£> @ = 1)
020421 Visual Com. Lab MIST
DFT (Cont) Image Transforms 9

® 1-dim. DFT (cont.)
# Periodic Sampling , CTFT and DTFT (cont.)

1
&)  eW=gll) o) = E G e s
T 2

| 2,029~ [0, ™4
Pﬁinﬂic -[— |:ZG L )efm}dffﬂr

Sampling ;
2 =00

-3 [ZGG (ﬂf-(f—f))eﬂﬂdfmr

Ili=w

CN=MTGW F-5D) @) D= ATEGAD

Visual Com. Lab m' ST

08-04-21



DFT (COHt) Image Transforms 10

@ 1-dim. DFT {(cont.)

¢ Calculation of DFT : Fast Fourier Transform Algonthm (FFT)
# Decimation-in-time algorithm

GH)= > glme " ¥
]

i1 _ﬂﬂ_.t(zn) M1 a2 H{2n+l)

= > gne T+Zg(2rz+1)e1 W
7D 7D
= %_"1 £ (:Zn)e_ﬁw%r + %z__l{ g2n+ l)e_jh%}e_jh%
n=0 n=0
N{{z__lg (Zrz)e_m% +e?_ﬂw§r : N{{z__lg(Zn +1)e_jh%, 0=k = %— 1
=40 N?!-U N .
Elg (Zrz)eﬂh% - e_jh(t;“{{) : f’lg (Zr+ 1)e_ﬂr%, % fk<iN
n=i n=0
05,0431 Visual Com. Lah MIST
DFT (cont.) rage Transforms 11

® 1-dim. DFT (cont.)

4 FFT (cont.)
#® Decimation-in-time algorithm {cont.)

F_:g]u——-—

wlrlv—— | .
-
4le——roy . M

P ) [ —

wli1joe = .o

%' Frint

Al 57— CFT

2[Fle = -

Visual Com. Lab m' ST

08-04-21



DFT (COHt) Image Transforms 12

® 1-dim. DFT (cont.)

4 FFT (cont.)
#® Decimation-in-frequency algorithm (cont.)

M-l —J'QWR—*
Gk) =2 glme " ¥
Hall

i —‘i"gn:E -1 —.}'QWE
=2 g(2n)e” ¥4+ 3 gln)e ¥
=0 et
€t S P LA Y.
=Tl v glar e T LT
# =0
F‘A_l L WE
= Z %(m)+ g(,g_'_m/ﬁ(_l)k% bELS
# =0
“5-1 2k
Sign)+ gln+ ¥k Tk ke
= =0
R ETS! Jpaekt oy
S -gln+ ¥l A e ko 2kih
wa=l

Visual Com. Lab m' ST

08-04-21

DFT (COHt) Image Transforms 13

® 1-dim. DFT (cont.)

4 FFT (cont.)
#® Decimation-in-frequency algorithm (cont.)

a i “ ;/ - e w [
S glrs
s[17a \\\ S ;g,[ Tom f:j_ pein ——nx[2]
_ ™ S A ,/:1 = ’
z[2 « o A e - oox[L]
™, WM s L3 _
k[ 5] z = == ——o ¥ _G)
AN o - —_
e - Fahi [2] "-'"'5
4] el S -~ ——s %17
\,/ e ]
’ -, /<\ Lal1]Wy A .
<[] ST 5 - PR —— =L 3)
- LAY n
N -
5 o ’ b ' . BT o N
ale. % \\1 " , - Lul
¢ hl4] e
*[ 77 k !_________ - %[7]

Figmey 54T Ve graph o decimaiondadregquerey decomposivon al an A-parim
13 T e potation inoo taea (e Z2-point DFT compatationg 14 = 3.

Visual Com. Lab m' ST

08-04-21



DFT (COHt) Image Transforms 14

@®2-Dim. DFT
# Definition

fimm ,0<mnsiN-1

Jim,n)= {0 .

, Otherwise
# Inverse DFT

1 N-1 -1

flmmy=—=>"5 Fle )" Wy, 0<mn<N-1

N 3=

D)
where W,=e ¥

#® Forward DFT
M- A1
Fle =23 flmn)Wy Wy, 02kisN-1
all 7=l
02.04.21 Visual Com. Lab MIST
DFT (COHt) Image Transforms 15

@®2-Dim. DFT (cont.)

# example

{a) Original Image {(b) Magnitude {¢) Phase

2- dim DFT of 2512 x 512 Lena image |

Visual Com. Lab m' ST

020421



DFT (COHt) Image Transforms 16

®2-Dim. DFT (cont.)

# Properties of 2D DFT
@& Separability

Flkd)=

0.t & = 1)
E }?r =]

Keww: Irunsfomme Uinlnmn

] —
wranefainy  [FEE

[ ———
Muluplicarion Ly &

[ R B

x u

Figupe 2T Clompesarion of i 3.1V Forer inmstortn ay  series of F-4¥ mamifirey

Visual Com. Lab m' ST

02-04-21

DFT (COHt) Image Transforms 17

@®2-Dim. DFT (cont.)
¢ Properties of 2D DFT

& Translation

2 2T
f(m,rz)exp[j Fkum}exp[jgfnn}@ Fle-k, i-1)

Jm—-my,n-n) = FED exp|:— j%rkmn}exp[— _f%fﬂu}

# Conjug ate symmetry
Forreal J[{m,n)

Fle,y=F'"(N-k,N-I)
|FUel)|=|FUv—k,N-D)

Visual Com. Lab m' ST

08-04-21
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@®2-Dim. DFT (cont.)

# Properties of 2D DFT (cont.)
#® Rotation

m=rcosd, n=rsind, k=mcosg, [=msing

F(r,84+8,)= Flow,¢+8)

(a) asample irrage b} its spectrum () rotated image (d) resulting spectrum
02041 Visual Com. Lab MIST
DFT (COHt) Image Transforms 19

@®2-Dim. DFT (cont.)

¢ Properties of 2D DFT
& Circul ar convolution and DFT

f(m>”)*g(m=”)ZZZf(p>g)§c(m_P>”_g)
Fa q
flm,n)*glm,n) < Fik,)Gk,1)
flm,n)g(m,n) = Fk,)*Gk,!)
& Correlation
Ry (mn)=f(mn)oglmmy=>>" f"(p.q)ge(m+p.n+q)
F

fm,myeglmme Fk,DCK,D
frm mglm n) = Fk DoGk,D

Visual Com. Lab m' ST

08-04-21
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®2-Dim. DFT (cont.)

& Calculation of 2-dim. DFT
# Direct caleulation

o181 2l [ Zle 0<k<N -1,
Fe= 55 fonme 0 A) o2l 1
#al nall =L =AMy —

# Complex multiplications & additions : O(NENE)
@ Using separability

N -1 A Ll jz—x-‘* zk < -
Fl,l)= Z[Zf(m n)e A ]M} ) ’g;;ﬁ—;’

n=0
# Complex multiplications & additions G(NINQ (Nl + sz)
@ Using 1-dim FFT
# Complex multiplications & additions : 777

Visual Com. Lab m' ST

98-04-21
Discrete Cosine Transform (DCT) Image Transforms 21
®2-dim. DCT
# Definition
& Inverse DCT
MN=-107-1
F2)= 23 a0 ) cosl o T corf B2 IV
L=l y=il
1
— for u=0
) = };r
\/% Jor u=12-- N-1
#® Forward DCT
Bl (Ex + Dz (2y + v
O, v) = a(u)a(v)é%f(x ,¥cos| o Jeos[ o ]

Visual Com. Lab m' ST
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®2-dim. DCT (cont.)
# Basis Functions for 1-dim. DCT (N=16)

WAVE
HUMBER. &

P O T B RO O | A - " A
[+ o 15 i (4] a4 L] 1 [
4 —-— F—-—
{a) Birds crswpmarerel (B} Comns COMPaOnRcnT

Visual Com. Lab m' ST

08-04-21

DCT (COIlt) Image Transforms 23

@Fast algorithm of 1-dim. DCT
¢ Z(x)=g(2x)
EN-—x-1D=g(2x+1) Jjor 05:{5(%)—1

¢ G = D:(H)Eg(x) ALY
=0
Afi3-1 NP1
=ew) 2, g(2x) COS[W] +2 gl2x+1) cos[w]}
=0 2=l
) 25 Feod TS a5 peos BT
=0 =l
= a(ﬂ)ig(:{) co s[%]
M-l
=Re[e(w)e ™3 B(x)e V]
=0

= Rela@) Wy DFT(Z(x)) ]

Visual Com. Lab m' ST
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Discrete Sine Transform (DST) Imege Trarsforms 24

® |-dim. DST
# Definition
& Inverse DST
2z M o wle+ D +1)
=, [— K — . DEnEN-1
() N+1§v()sm N+1 ’ "
# Forward DST

Tk +D(a+1)
N+1 '

2 M-l
viE = |—— nikisin D<k=N-1
&) N+1,,Z_u" (1)

@ Reference for fast algorithm of DST

# PYipand K. R Rao,”A Fast Computational Algorithen for the Discrete Sine
Transform” IEEE Trans. On Communicatins, Yol COM-28, No. 2, Feh., 1980

Visual Com. Lab m' ST
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® 1-dim. DST (cont.)
# Basis Functions for 1-dim. DST (IN=16)

u|
i}
%
L1
:
jl-J
ul
0N

[
[
n

L
ilu
O
n

:
:

3 ,_.‘_‘Ll__'_';_'_._.-::r"_"_"'—;_ - l“—'—H_______._____,...—_'T"_'_I

LA N Y T IO W Y O | I ISy A ' O N |
Q & [P [TH 4] - ] [ 1+

P §——-
(o) Sine cornpon s {13} COLInG ConmarciiT

Visual Com. Lab m' ST
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® 1-dim. DST (cont.)
# Fast algorithm for 1-D DST

2 & C (x+D(k+Dm
Gk = ﬁ;‘ gix) sm[T]
g=)
(2N+2)-FFT
—> > Gualh) T Gk)
TE oot aat— X
o N IN+1
G(k)z_ZI‘H[GZN+2(k+1)]: .EC:O,]_,Z,"-,N—]__
.. Ll s (c+Dkr . (x+Dkr
C. sz\m(k)_ 2N+2§g(x)[305 V1 J s Nl D
08-04-21 Visual Com. Lab MIST

o 994 ——> [FDCT W] > [FA37]] --> [dEZY FE3} > ¢
SxRE- ¢ 7 T
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o FDCT (Forward Discrete Cosine Transform) % ]2

[ =f]

o 22+l DCT W A A4 F(uv)el 24 AAl = A& DC Alset shal, o3t &
o] "yt ghrlel wE g

o YA A= AC At stal, FApststd (0'go] Bol uE

=

o FASNE AXH U S AaA1 275t dE=ZI R 53 (Run Length Coding,
Huffman Coding)® =%}

o DCT ¥3he] 71#4 wg = W3 gd C = Agolm 2 Wil
x A nl W3oE= DFT (Discrete Fourier Transform), DCT, sttbrt= # 38k 5 91$

o 9 HolE H¥re A7) Fegol ¥ B9, DCT WAL ol F $5d duA 4%

(Energy Compaction) 54 & 2t

MPEG2K 73 (JPEG)
Baseline System

baselineo| gt JPEGS] 7} 71 27F H&= FERHUL o3 S nfg o= o2 MODEZ A Z&
7S Frhete wregyth.adER b 8% Bl &

Source : 8 bit , 12 bit ¢ &2 oJu|A] & A}E-3Y T} gray level image®] 74+ 1 U=
A3l T Z2lal Color imaged] A$E Z Ay AEERE 39S %, Colore



Luminance(871)¢} Chrominance(M4H)o.2 Uir=d 2 olf& Az Fo] AAle] H| 3|
U] Are o wsy] wie] 45S @ w g AES 9 AeRug JA XA

2h ahe 54 ol &, &
Encoding <=4 : Level-shifting —> 2D-DCT -> Zigzag Scan (DC¢ 4% DPCM) ->
Quantization —> VLC
Level-shifting : 8bite] o]m|=]e] HAlo] 71x]&= kel W9E BW 0 7 25591 &. o] A&
v DCTHE & WEld ke "7 FA A soldgdytt. h5ol HHolvtrny Fx1
™ okEx. 197] W] 128 =9 shiftingS dFH #He] WOZF -128 T 127 = ¥}
A =% o] A4S DCTHE siFH S wweh ko WMoz Aojdgynt. kel 97t
HojAH avkE = o A& Bitwh oW gyt

= < s @t ojm A o] Z} FHAlo| Ao e X
W AAH SR Uniformsttdi(?)E % 9%, 19H Transform coding (DCT)5<S st
W Fro] e Fu o7 EgA HZ%. 9| AS Energy compaction(ol A fHF) o]z
st oHA HH w@E Fag e oA g R diRE 5o 7] Wi x

oz

tel wele S gyt 2w s Bulof & HEVE SO A Hx%.

o
i
ne
Kl
%0

(03
ki)
T
)
ae)

ol

=y BB
T T T

Zigzag Scan

100120 9 |1 1 12 |6 |7 |15 16

20 |15 |-4 |2 3 5 |8 |14

9 |4 4 19 |3

1 2 10 |12

1 [-1 0 |0 |0 11 0 10 |0
-1 0 |0 |0 0 |0 |0
1 0 10 |0 0 |0 |0

. ARstEd adel Fasdva. flolM e 11E DCTH9] Blocke]#Hth. HAIG
A3 wZEA Pixelo]l DC7F #aL gkol 7b¢ A guch oluA A5 4. 7 27 o|d&
A A g glol2dUTh Rl slof AFy FiRH ATy BEoR sAAo

2 goe & QoM ;Fs PES 9 £ dA% ofd 1gel 1R vhehwUh

(

=
=

DPCM : DCA#& wz 5193
FEFaA Blx ACY AfE 9l
=3

Quantization : gre] T B =2 oW gro=z 1}
Table® wg A %%, = Q
VLC : Runlength 9% 3=
0= wlal 9 E=AX. o didlel . 2¥AA Ay = e r.m
3 -3 2 1 -1 1 0 0 0 O
S AZAL 2~ F] Fheo] 99 oW 39% DColEE wmE FYstil -3 0F o] &
Aol ofym = (0, -3)°] HH 1 FHe] A= wzPAdY T 0F el v -1 07} 471 ©]
2R (4, -De] HA%. 3. EOBE Blocke #& detdi=d 07F 9 w744 A% ved
IF EOBElelA Eo g HZE. o (R/S)E E3H AL Huffam Code?}t CategoryE o]
A gEEy . AARE A B-E AE5S BA

ot} Burlg ghol AAM e 9 Blocke] DC#Eae] *}ol
Az Aoz ¢loja RUN/Level ZH& 3y

o O
L

olZg Utk 1 & JPEGOIA Quantization

o
o
Y,
o
T
2
)
o
u
Fkl

=0 7] wiEel



Decoder : Encodingg W= &9 FHAZ..
. Aol HALE dke=d ¥ Q. we] wEH T Yz F ekl vl Al Y
H AAMetal A EsHA IA EE 5

a9 28 AFAY 9o AAS HoFa glth 1eil FJEo]EE 8 x 8 BEoR H o
ST o] B ek £H vjEY e EAS L o AL o4l @Al WE (DCT)E 984
AHgETh DCT & o}F M3 e ojnjx P22 Qe Fort ANsA 2% 4=
2 Yol ¢45e AR DCTE oWs 2155 tE F349 A9 2152 daA
(F3) e & Q= Felol MBe] 725 T Atk o] Felo MBL Friel AEe
X FHom oA gtelA FHAol g wtEoluiAl "k o] ofofrli= o]w| A &] gtellA =
i, AwAe dele EFr e Fuse HRow yHmEti: ojoprjolth wylm AlAE
FE2 52 99 7HA dd 99 FAAY dAcdAM =, DCT M&2 Hojx= 8 x
gulaz BEe 8 x 8 AF MEYAE npATE Rolth o] AF WEYAY 9% JHE
o GES M e Fisd PR TP Ak o), 91 00 o AFE dnHow

et |52 AC Alesoleta =dxng ( AC =

DC Aseta B8 ol 7)o Y2 63749 A =
Amplitude Coefficient @ % AlF). dukg oz F d&5E 8 x 8 559 DC AlF Aol
T A% AxAdel IA migelth 1ela DC S22 A AHrsdd oA d=d
o] ®th 1¥la P& 63719 AC AFES A4 A= HEsA fr.

DCT+= 53] DC Al tellAd 7 vbe Aol &59 Alad ouxs He U0 B

e AC AFES AWAO 0 otk A9 0otk sy olmAe] nFY Are] Fu
PRe e Fie g9 oo d&Aor Bmatt WA g ool EAss] ot of
AOAR Fol, AFEES FHA GF9 AR 077 ANA FA3t Ak



olm A Ao} %

o= o A= AHFHA A HsAYt AT F sl
¥ 3 (Sampling) 2 ¥AFsH(Quantization) A4S A3 ¢
(1) 3%+¥3} (Sampling)

Ag oluAw W

shdz 1 ojulAe] Aol 93 HolEHE HA&He UAY Yolg R Wase 34

(2) %3} (Quantization)

529l A HolHE BA%HQ XY dolHz W 7
FHAN 94T & g A= ws}h 8

7—]

F7h2GY A5 GE FAsetn s,
ojm| =] o] A9 1024 (100 E) AH =<

2R

A

EAT 4 gl Aol
256 il

), X

&

E)
)
=
fu

FAstE A oA

718 olul Aol ool WP sbstel Ed mAE Qe Ay
o oEa B ol gEel A% B E4E onAel F

#4 FZ(Edge Detection)

ojuj x| o] 1#o] H(gray leveDol wA3IA W3t FiES 1A
5 9

Sobel &118]Z, Kirsch &18& 2 7HA] Lo Fo] £

el

1l

JlOl'



A=
R

™
<
3
=
el
L,
NE >
—_ = =
X - "
S = X 1
o = S
: x - N
f ; ;
: 7 = =
o iy : <
Tl il : wm »
ﬂ.ﬂ! s iy o
: . 2 & e
™
o op 7 ) b
o B e i
= e N T
N ° ;
= O ; B
i wr 5 Er
oy L
- e Ho s
g | S
Tz mee g AR
i = oY =
. ? gx &3
g x = s >
do =5 M 2 @ o
i3 o X W m i : :
T &7 w § : .
T X S ©l s
il o= e * s = 5 i
= i o w dx @
ﬂ _z .— _ s .._ :
o3 T N = W %
I R Eow ww § X
ML A B w® W oon y b i - E W
F o W o Bl RE : m.__.,_ I Ak < W
o B Iy o o



ol
e oo

ol A& A4 &t
oy & =3t
(1) GIF 5

RLE(Run Length Encoding) %42 $83% LZW(Lempel-Ziv-Welch) ¢ 18] &S Al&

Al BB J|A[l

Fow e ML 2v oluA e AS HE Gt At
154 bytes 213 bytes 318 bytes

501 bytes 1,148 bytes 8,236 bytes
olm Ao el WE GIF 458

(2) JPEG(Joint Photographic Experts Group) $+=

s Ao AP FES 93te] morEdon 199249 T4 BFEow §AH

&2 (Lossy) ¢S JPEGOIA Azl oz solx whaoln] 24 (Lossless) ¢&e X1
| & 4 sy st s A4

UHIE A2 ALgsty 4= EA

o

St g GIF 19 / 425 bytes ¥ JPG 19 / 5219 bytes
JPGoll A o] A WMz

JPEG &= 34

RGBEH A YIQEEE W3t

YIQE® : Y& 7], I+ A4, Qv £59 AHE 714
o17ke]l AzZte ¥y AR o wzkshA wkg

RGBEE S YIQREE W3

YIQe] vi= = & =(Macroblock)s}

Yi= 16 = 16, I8 Q= 8 = 8] A7|= U

e 555 8 x 8 E53)

JPEG ¢5<& dA] olwA& 8 « 8 A &5 T2 o 45& 73
DCT ®%

22k W F3re] Ay AR
= 3A

17he] DC A<t 6370¢] AC AlFE A&
47t 3HQuantization)

22k o] Fu4 AHE Fgd WS (Fourier Transform)s}t

-

il



19 el DCT AlF5 w
3 | & A8k Zthe &
7h 2 dlolE §fFol doju= TAlel 7H dlolE &
A A 1 2~ J (Zig-zag Scanning)
DCT A4 A1z o] dakd FE

=
S Fuie] ASt A%, B Fupp

o] DCTAFE2 714 0 o] 3

Jo] we 34

N
5=
s

<
o

Lo

DCTA 2 AaA1 299

H

9 (Entropy Coding)
AdE5S AR HET 5SS 7Y
5

o2 3z 39 (Huffman coding)S Eo] A&

=
=

e 40
= (m
2o



