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8.2.8 Block transform coding: [ JPEG (page 601)
CODING

(1) Subdivide the image into 8 x 8 subimages and process them in a from-

left-to-right and from-top-to-bottom fashion Why?

(2) Level shifting
Subtract 2" ! from each subimage, where 2" is the number of gray scales

used Why?
(3) Calculate the two-dimensional DCT of each subimage Why?
(4) Quantize each DCT...

(4.1) Divide with a multiple of a normalization matrix
This multiple is directly proportional to the degree of compression
(figure 8.30 (b), page 600)

(4.2) Round off the result
T(u,v) = DCT{ f(z,y)}, T(u,v)= round {

P

(5) Construct a one-dimensional array from these quantized coefficients, us-
ing a zig-zag pattern (figure 8.29 (d), page 598)
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(6) Code this array, using run-length and variable-length coding

(6.1) DC coefficient: Code the difference between the DC coefficient of the
current subimage and the DC coefficient of the previous subimage
(tables A.3 and A.4, page 934 & 935)

(6.2) AC coefficients: Take the value of each non-zero AC coefficient and
the number of zero-valued coefficients that preceedes the non-zero AC
coefficient into account (tab A.3, p 934, tab A.5, p 935 & 936)

e EOB and 16 successive zeros have special codes
(subimage = “block”)

DECODING

(1) Decode the array and “zig-zag” back — T(u, V)

(2) Multiply with normalization matrix: 7'(u,v) = T'(u,v) Z(u,v)
(3) Calculate two-dimensional DICT: f(z,y) = DICT{T(u,v)}
(4) Level shift back: Add 2"! to each subimage

(5) Place the subimages in their correct positions
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A typical normalization matrix
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JPEG coefficient coding categories

DC Difference
Range Category AC Category
0 0 N/A
-1.1 1 1
-3,-2,2,3 2 2
1., —4.4,..., 7 3 3
=15,...,—8.8,....15 4 4
=31,...,-16.16,....° 3 5 5
—63,...,—32.32,....63 6O §
=127,...,-64.64,.... 127 7 7
—255,...,—128,128,...,255 8 8
=S511...., —256,256,...,511 9 Y
—-1023,...,-512,512,...,1023 A A
—2047,....-1024,1024, ...,2047 B B
—4095, ..., —2048, 2048, ..., 4095 C C
—8191,.... —4096, 4096, ..., 8191 D D
—16385,....—8192, 8192, ... 16383 E E
=32767,..., —16384, 16384, ..., 32767 F N/A
JPEG default DC code
Category Base Code Length Category Base Code Length

0 010 3 b [110 10

1 011 4 7 1110 12

2 100 5 8 11110 14

3 00 5 9 [TT11110 16

4 101 7 : [TI11110 18

5 110 8 B [TT1TT110 20
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JPEG default AC code

Run/ Run/
Category Base Code Length Category Base Code Length

0/0 1010 (= EOB) 4

0/1 00 3 8/1 11111010 9
0/2 01 4 8/2 ITTT11111000000 17
0,/3 100 6 8/3 IT11111110110111 19
0/4 1011 8 8/4 ITTT111110111000 20
0/5 11010 10 8/5 ITTTITTTTOT 11001 21
0/6 111000 12 8/6 1111111110111010 22
0/7 1111600 14 87 [RRARRRRRINNRINE! 23
0/8 1111110110 I8 8/8 ITTT111110111100 24
0/9 TTT1111110000010 25 8/9 [RRRRRRRRIIRRRL 25
0/A I111111110000011 26 8/A ITTI111110111110 26
1/1 1100 5 9/1 111111000 10
1/2 111001 8 9/2 ITTT1111o111111 18
1/3 1111001 10 9/3 ITTT111111000000 19
1/4 111110110 13 9/4 ITTT111111000001 20
1/5 11111110110 16 9/5 1111111111000010 21
1/6 1T11111110000100 22 9/6 ITTT1111 11000011 22
1/7 1T11111110000101 23 9/7 1T 11000100 23
1/8 IT11111110000110 24 9/8 ITT1111111000101 24
1/9 1111111110000111 25 9/9 ITTT111111000110 25
1/A LTI 110001000 26 9/A T oo0111 26
2/1 11011 6 A/l 111111001 10
212 11111000 10 AJ2 1111111111001000 18
2/3 1111110111 13 AJ3 ITTT111111001001 19
2/4 1T11111110001001 20 A4 1111111111001010 20
2/5 TTT1111110001010 21 AJS ITT1111111001011 21
2/6 L1111 110001011 22 AJ6 LTI 11001100 22
2117 TTT1111110001100 23 AJT 1111111101101 23
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2/8
2/9
2/A
3/1
32
3/3
3/4
3/5
3/6
3/7
3/8
3/9
3/A
4/1
4/2
4/3
4/4
4/5
4/6
4/7
4/8
4/9
4/A

JPEG default AC code (continued...)

1TT1111110001101
1TTT111110001110
[TI11T1110001111
111010

111110111
11111110111
ITTTTT1110010000
ITTTT11110010001
ITTTT11110010010
ITTTT111110010011
1TTTT11110010100
ITTTT11110010101
ITTTT11110010110
111011
1111111000
ITT1111110010111
ITTTT11110011000
ITTTT11110011001
ITTTT11110011010
ITT1111110011011
ITTTT11110011100
ITTTT11110011101
ITITT11110011110

24
25
26

7
11
14
20
21
22
23
24
25
26
7
12
19
20
21
22
23
24
25
26

A/8
A/9
A/A
B/1
B/2
B/3
B/4
B/5
B/6
B/7
B/S
B/9
B/A
C/1
C/2
C/3
C/4
C/5
C/6
C/7
/8
C/9
C/A

ITT11T1111001110
ITT11T1111001111
ITTT1T1111010000
IT1111010
IT1TT11111010001
IT1TT11111010010
ITT11T1111010011
ITTT1TTT11010100
ITT1111111010101
ITT1111111010110
ITT1111111010111
ITT11T1111011000
ITITTTT111011001
IT11111010
IT1TTTIT1111011010
ITT1111111011011
ITT11T1111011100
ITT11T1111011101
ITTTTTTT11011110
ITT1111111011111
ITT11T1T11100000
ITTTTTTT11100001
ITTTTTTIT11100010

24

26
10
18
19
20
21
22
23
24

26
11
18
19
20
21
22
23
24

26
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N
512

54
35
516

58
39
A
&1
62
3
o
(T
b/t
&7
o/
&/
oA
71
mn2
713
7/3
715
76
717

JPEG default AC code (continued...)
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3

i
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JPEG Example: CODING

1| Original 8 x 8 subimage 2| Level shift

2055 6 6 W0 6 6 B 6 -1 -6 -6 -8 -6 -84 -35
659 66 w0 19 & O N L6 -9 -6 % 10 -3 -5 -5
Q59 68 13 14 104 66 T 6 -0 -6 15 16 -M -@ -5
63 S§ 71 122 154 106 70 69 65 -1 -5 -6 2% -2 -8 -9
67 6 68 14 126 8 6B 7 —61 -6 -60 -4 -2 -4 -60 -58
moes 60 N T 8 8 B -9 -63 -6 -5% -5 -6 -0 -53
s 11 e M 5 6 6 8 3 =51 -6 69 -3 -6 63 45
g M & 8 6 B W U 4 -4 - -6 -6 - -5 -4

3/ DCT 4| Quantization
45 -9 - % 5 -0 -1 3 6 -3 -6 2 2 0 0 0
7 =21 -62 9 11 -7 -6 b 1 -1 -4 0 0 0 0 Oﬂ
46 8 M -3 <N 10 T -5 R e T
S0 B¥ <15 -9 6 0 3 401 2 <1 0 0 0 6
-8 -B -2 -1 1 -4 1 Lo 0 0 0 0 0 4
0001 3 -3 -1 02 - o0 0 0 0 0 o &
4 -1 2 -1 2 31 =1 |
T N T S R Y SR o0 0 0 0 0 0 0 0
o 0 0 0 0 0 0 0
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5| Zig-zag — array 6| Coding

26 —31 —3 —2 —62 —41 —41150200 —1200000 —1 —1 EOB]

1010110 0100 001 0100 0101 100001 0110 100011 001 100011
001 001 100101 11100110 110110 0110 11110100 000 1010

JPEG Example: DECODING

1| Decode array and zig-zag back [2| Multiply with normalization

8 X 8 subimage matrix
% -3 -6 2 2 0 0 0 46 -B -0 R @/ 0 0 0
P-4 0 0 0 0 0 0 o-% =% 0 0 0 0 0
401 5 -1 -1 0 0 0 B8 -4 40 0 0 0
41 2 -1 0 0 0 0 56 17 4 -9 0 0 0 0
{10 0 0 0 0 0 0 8 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0‘
60 0 0 0 0 0 0 60 0 0 0 00
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3 DICT 4| Level shift back

-0 -64 -61 -64 -69 -66 -58 -30
- - -6 -3 -0 -4 -9 -39
-8 - -8 -9 B3 -1 -8 -¢

=% -1 =5 0 R -3 =51 -6 Moo 6 105 15 8% 68 M
-4 - - -0 -1 -4 -3 -5 %5 % MO 5 5 4
- - -1 -5 -8 -1 - -y 8 6 9 6 6 6 6 78
-50-% -0 -6 -6 -67 -61 -%0 B8 67 6 60 8 8 &

¥ -4 -6l 66 -60 -4 -4 -4

5] Place the subimages in their correct positions

512 1 92
0325 :>RD:1_C’_R:1_5@:82% redundancy
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JPEG Demo: 48 DCT coefficients retained

DCT coefficients

Original Saturn Image

Reconstructed Image Error Image

The MSE {with images normalized ) is 5.22e-05 |




q Afdeling Toegepaste Wiskunde / Division of Applied Mathematics
Image compression (8.2.8: JPEG coding) SLIDE 12/14

JPEG Demo: 32 DCT coefficients retained

DCT coefficients

Original Saturn Image

Bromese .

Reconstructed Image Error Image

Caricel

Info

The MESE {with imadges normalized yis 0000169 .
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JPEG Demo: 16 DCT coefficients retained

DCT coefficients

Original Saturn Image

Bromese .

Reconstructed Image Error Image

' : Caricel
/ Irnfio

The MESE {with imadges normalized yis 0000441 .



q Afdeling Toegepaste Wiskunde / Division of Applied Mathematics
Image compression (8.2.8: JPEG coding) SLIDE 14/14

JPEG Demo: 8 DCT coefficients retained

DCT coefficients

Original Saturn Image i
N B4

g Coefficients

Reconstructed Image Error Image

The MESE {with imadges normalized yis 00009584 .



