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Compression

Compressed 

Coding
Entropy

Organization

Bitstream

TransformPreprocessing

Image
Uncompressed

Quantization
Data 

� Preprocessing: Downsampling

� Transformation: Di�erent representation, reversible transfor-

mation (discrete cosine transform (DCT), wavelet, etc.), no

compression

� Quantization: Irreversible

� Data organization: zig-zag scan order, zerotree

� Entropy coding (lossless coding): Runlength coding, Hu�man

coding, Arithmetic coding
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JPEG Baseline Mode - DCT

Original Image

Bitstream
JPEG

Coding
EntropyQuantizationForward DCT

JPEG baseline algorithm:

� Discrete cosine transform: Original image ) nonoverlapping

8� 8 image blocks

� Each block independently transformed by DCT:

F (u; v) =
c(u)c(v)

4

7X
j=0

7X
k=0
f(j; k) cos

2
664
(2j + 1)u�

16

3
775 cos

2
664
(2k + 1)v�

16

3
775

� The top-left coe�cient F (0; 0) in the 2-D DCT array: DC co-

e�cient: Eight times the average brightness of the block

F (0; 0) =

2
n2

n�1X
j;k=0
f(j; k)
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+
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49

64

78

87

103

121

120

101

72

92

95

98

112

100

103

99

7



J
P
E
G

B
a
se
lin
e
M
o
d
e
-
D
C

C
o
e
�
c
ie
n
t
C
o
d
in
g

�
D
C
coe�
cient
is
th
e
m
ost
im
p
ortant,
it
rep
resents
th
e
average

b
rightn
ess

�
T
h
e
qu
antized
D
C
coe�
cient
is
en
cod
ed
w
ith
lossless
d
i�
eren
-

tialp
u
lse
cod
e
m
od
u
lation
(D
P
C
M
)
sch
em
e
u
sin
g
th
e
qu
antized

D
C
coe�
cient
from
th
e
p
reviou
s
b
lock
as
a
1-D
p
red
ictor

�
F
or
th
e
b
aselin
e
system
,
u
p
to
tw
o
sep
arate
H
u
�
m
an
tab
les
for

en
cod
in
g
th
e
d
i�
erential
sign
al
can
b
e
sp
eci�
ed
in
th
e
h
ead
er

in
form
ation

8



J
P
E
G

B
a
se
lin
e
M
o
d
e
-
A
C

C
o
e
�
c
ie
n
t
C
o
d
in
g

�
A
ll
th
e
coe�
cients
b
u
t
th
e
top
left:
A
C
coe�
cients

�
T
h
e
qu
antization
of
A
C
coe�
cients
p
rod
u
ces
m
any
zeros,
es-

p
ecially
at
h
igh
er
frequ
en
cies

�
R
eord
er
th
e
D
C
T
coe�
cients
into
an
1-D
vector:
Z
ig-zag
scan

9



J
P
E
G

B
a
se
lin
e
M
o
d
e
-
A
C

C
o
e
�
c
ie
n
t
C
o
d
in
g

Z
ig-zag
scan
:
C
reatin
g
large
ru
n
s
of
zero
valu
es

�
D
ecreasin
g
ord
er
of
th
eir
average
en
ergy

�
In
creasin
g
ord
er
of
th
eir
sp
atial-frequ
en
cies

C
oe�
cients
en
cod
in
g:
R
u
n
len
gth
cod
in
g
com
b
in
ed
w
ith
H
u
�
m
an

cod
in
g

�
E
ach
n
on
zero
A
C
coe�
cient
d
escrib
ed
by
a
com
p
osite
8-b
it

valu
e
I
=
N
N
N
N
S
S
S
S

{
S
S
S
S
:
4
b
its
for
category

{
N
N
N
N
:
4
b
its
for
ru
n

�
D
e�
n
e
a
category
for
th
e
coe�
cient
m
agn
itu
d
e

�
T
h
e
valu
es
in
category
k
are
in
th
e
ran
ge
(2
k
�

1;2
k
�

1)
or

(�
2
k
+
1
;
�
2
k
�

1)

1
0



J
P
E
G

B
a
se
lin
e
M
o
d
e
-
A
C

C
o
e
�
c
ie
n
t
C
o
d
in
g

A
C
C
o
e�
cien
ts
A
C
C
ategory

A
b
solu
te
V
alu
e

1

1

2,3

2

[4,7]
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JPEG Lossless Mode

� Independent of the JPEG-Baseline mode

� Simple predictive coding is used

m

DC

xA

B

current line

previous line

Predictor Prediction

0 No prediction

1 A

2 C

3 B

4 A +B � C

5 A+ (C � B)=2

6 C + (A� B)=2

7 (A + C)=2

� After prediction, entropy coding combined with run-length cod-

ing is applied
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