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8.2.8 Block transform coding: JPEG (page 601)

CODING

(1) Subdivide the image into 8 × 8 subimages and process them in a from-
left-to-right and from-top-to-bottom fashion Why?

(2) Level shifting
Subtract 2n−1 from each subimage, where 2n 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(x, y) }, T̂ (u, v) = round

{
T (u, v)

Z(u, v)

}

(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)
• EOB and 16 successive zeros have special codes

(subimage ≡ “block”)

DECODING

(1) Decode the array and “zig-zag” back → T̂ (u, v)

(2) Multiply with normalization matrix: Ṫ (u, v) = T̂ (u, v)Z(u, v)

(3) Calculate two-dimensional DICT: f̂(x, y) = DICT{ Ṫ (u, v) }

(4) Level shift back: Add 2n−1 to each subimage

(5) Place the subimages in their correct positions
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A typical normalization matrix

Threshold coefficient ordering sequence (zig-zag)
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JPEG coefficient coding categories

JPEG default DC code
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JPEG default AC code
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JPEG default AC code (continued...)
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JPEG default AC code (continued...)
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JPEG Example: CODING

1 Original 8× 8 subimage 2 Level shift

3 DCT 4 Quantization
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5 Zig-zag → array 6 Coding

[−26 − 3 1 − 3 − 2 − 6 2 − 4 1 − 4 1 1 5 0 2 0 0 − 1 2 0 0 0 0 0 − 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
8× 8 subimage

2 Multiply with normalization
matrix
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3 DICT 4 Level shift back

5 Place the subimages in their correct positions

CR =
512

92
⇒ RD = 1−

1

CR
= 1−

92

512
= 82% redundancy
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JPEG Demo: 48 DCT coefficients retained
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JPEG Demo: 32 DCT coefficients retained
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JPEG Demo: 16 DCT coefficients retained
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JPEG Demo: 8 DCT coefficients retained


