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Fourier transform

The Fourier transform decomposes 

a function of time (a signal) into the 
frequencies that make it up

Jean-Baptiste Joseph Fourier

https://en.wikipedia.org/wiki/Function_(mathematics)
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Sum of cosine functions oscillating at different frequencies

Discrete Cosine Basis Function
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Discrete Cosine Basis Function
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Sum of cosine functions oscillating at different frequencies

Discrete Cosine Basis Function

1

Discrete Cosine Coefficient Sum of cosine functions 

1 1 1

1 1

1 1

8 x 8 pixels8  pixels
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1

Discrete Cosine CoefficientSum of cosine functions 

1 1 1

1 1

1 1

Discrete Cosine Transform

A discrete cosine transform (DCT) 
expresses a finite sequence of data points 
in terms of a sum of cosine functions 
oscillating at different frequencies

DCT

Nasir Ahmed
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Discrete Cosine Transform

B r, c = 𝛼𝑟𝛼𝑐 ෍

𝑚=0

𝑅−1

෍

𝑛=0

𝐶−1

𝐼 𝑚, 𝑛 𝑐𝑜𝑠
𝜋 2𝑚 + 1 𝑟

2𝑅
𝑐𝑜𝑠

𝜋 2𝑛 + 1 𝑐

2𝑁

𝛼𝑟 =

1

𝑅
; 𝑟 = 0

2

𝑅
; 1 ≤ 𝑟 ≤ 𝑅 − 1

𝛼𝑐 =

1

𝐶
; 𝑐 = 0

2

𝐶
; 1 ≤ 𝑟 ≤ 𝐶 − 1

Forward DCT Formula

I is Image
B is Transform image
r is row
R is image height
c is column
C is image width
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1
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2

𝑅
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1
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𝐶
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1 2

3 4

I 
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Discrete Cosine Transform

Forward DCT Formular

1 2

3 4

I 

𝛼𝑟 =
1

𝑅
=

1

2
= 0.7071

𝛼𝑐 =
1

𝐶
=

1

2
= 0.7071

B r, c = 𝛼𝑟𝛼𝑐 ෍

𝑚=0

𝑅−1

෍

𝑛=0

𝐶−1

𝐼 𝑚, 𝑛 𝑐𝑜𝑠
𝜋 2𝑚 + 1 𝑟

2𝑅
+ 𝑐𝑜𝑠

𝜋 2𝑛 + 1 𝑐

2𝑁

B 0,0

= 0.7071 × 0.7071

× ቆ 1𝑐𝑜𝑠
𝜋 2 × 0 + 1 0

2 × 2
𝑐𝑜𝑠

𝜋 2 × 0 + 1 0

2 × 2
+ 2𝑐𝑜𝑠

𝜋 2 × 0 + 1 0

2 × 2
𝑐𝑜𝑠

𝜋 2 × 1 + 1 0

2 × 2
+ 3𝑐𝑜𝑠

𝜋 2 × 1 + 1 0

2 × 2
𝑐𝑜𝑠

𝜋 2 × 0 + 1 0

2 × 2

5

B 
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Discrete Cosine Transform
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Discrete Cosine Transform

1 2

3 4

I 

5 -1

B 

𝛼𝑟 =
1

𝑅
=

1

2
= 0.7071

𝛼𝑐 =
2

𝐶
=

2

2
= 1

B 0,1
= 0.7071 × 1

× ቆ 1𝑐𝑜𝑠
𝜋 2 × 0 + 1 0

2 × 2
𝑐𝑜𝑠

𝜋 2 × 0 + 1 1

2 × 2
+ 2𝑐𝑜𝑠

𝜋 2 × 0 + 1 0

2 × 2
𝑐𝑜𝑠

𝜋 2 × 1 + 1 1

2 × 2
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Discrete Cosine Transform
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Discrete Cosine Transform

1 2

3 4

I 

5 -1
-2

B 

𝛼𝑟 =
2

𝑅
=

2

2
= 1

𝛼𝑐 =
1

𝐶
=

1

2
= 0.7071
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2 × 2
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2 × 2
+ 2𝑐𝑜𝑠

𝜋 2 × 0 + 1 1

2 × 2
𝑐𝑜𝑠

𝜋 2 × 1 + 1 0

2 × 2
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Discrete Cosine Transform
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Discrete Cosine Transform

1 2

3 4

I 

5 -1
-2 0

B 

𝛼𝑟 =
2

𝑅
=

2

2
= 1

𝛼𝑐 =
2

𝐶
=

2

2
= 1

B 1,1
= 1 × 1

× ቆ 1𝑐𝑜𝑠
𝜋 2 × 0 + 1 1

2 × 2
𝑐𝑜𝑠

𝜋 2 × 0 + 1 1

2 × 2
+ 2𝑐𝑜𝑠

𝜋 2 × 0 + 1 1

2 × 2
𝑐𝑜𝑠

𝜋 2 × 1 + 1 1

2 × 2
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Sum of cosine functions 

1

Discrete Cosine Coefficient

1 1 1

1 1

1 1

Inverse Discrete Cosine Transform

IDCT
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Inverse Discrete Cosine Transform
Inverse Discrete Cosine Transform Formula

𝐼 𝑚, 𝑛 = ෍

𝑟=0

𝑀−1

෍

𝑐=0

𝑁−1

𝛼𝑟𝛼𝑐𝐵(𝑟, 𝑐)𝑐𝑜𝑠
𝜋 2𝑚 + 1 𝑟

2𝑀
𝑐𝑜𝑠

𝜋 2𝑛 + 1 𝑐

2𝑁

𝛼𝑟 =

1

𝑀
; 𝑟 = 0

2

𝑀
; 1 ≤ 𝑟 ≤ 𝑀 − 1

𝛼𝑐 =

1

𝑁
; 𝑐 = 0

2

𝑁
; 1 ≤ 𝑐 ≤ 𝑁 − 1I is Image

B is Transform image
r is row
R is image height
c is column
C is image width
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Inverse Discrete Cosine Transform
Inverse Discrete Cosine Transform Formula

𝐼 𝑚, 𝑛 = ෍

𝑟=0

𝑀−1

෍

𝑐=0

𝑁−1

𝛼𝑟𝛼𝑐𝐵(𝑟, 𝑐)𝑐𝑜𝑠
𝜋 2𝑚 + 1 𝑟

2𝑀
𝑐𝑜𝑠

𝜋 2𝑛 + 1 𝑐

2𝑁

𝛼𝑟 =

1

𝑀
; 𝑟 = 0

2

𝑀
; 1 ≤ 𝑟 ≤ 𝑀 − 1

𝛼𝑐 =

1

𝑁
; 𝑐 = 0

2

𝑁
; 1 ≤ 𝑐 ≤ 𝑁 − 1

I is Image
B is Transform image
r is row
R is image height
c is column
C is image width

5 -1
-2 0

B 
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Inverse Discrete Cosine Transform

Precompute 5 -1
-2 0

B 

𝛼𝑟 =

1

𝑀
=

1

2
= 0.7071 ; 𝑟 = 0

2

𝑀
=

2

2
= 1 ; 1 ≤ 𝑟 ≤ 𝑀 − 1

𝛼𝑐 =

1

𝑁
=

1

2
= 0.7071 ; 𝑐 = 0

2

𝑁
=

2

2
= 1 ; 1 ≤ 𝑐 ≤ 𝑁 − 1
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Inverse Discrete Cosine Transform

5 -1
-2 0

B 

𝐼 𝑚, 𝑛 = ෍

𝑟=0

𝑀−1

෍

𝑐=0

𝑁−1

𝛼𝑟𝛼𝑐𝐵(𝑟, 𝑐)𝑐𝑜𝑠
𝜋(2𝑚 + 1

2𝑀
𝑟 𝑐𝑜𝑠

𝜋(2𝑛 + 1

2𝑁
𝑐

𝐼 0,0

= 0.7071 × 0.7071 × 5 × 𝑐𝑜𝑠
𝜋 2 × 0 + 1 0

2 × 2
× 𝑐𝑜𝑠

𝜋 2 × 0 + 1 0

2 × 2

+ 0.7071 × 1 × −1 × 𝑐𝑜𝑠
𝜋 2 × 0 + 1 0

2 × 2
× 𝑐𝑜𝑠

𝜋 2 × 0 + 1 1

2 × 2

+ 1 × 0.707 × −2 × 𝑐𝑜𝑠
𝜋 2 × 0 + 1 1

2 × 2
× 𝑐𝑜𝑠

𝜋 2 × 0 + 1 0

2 × 2

+ 1 × 1 × 0 × 𝑐𝑜𝑠
𝜋 2 × 0 + 1 1

2 × 2
× 𝑐𝑜𝑠

𝜋 2 × 0 + 1 1

2 × 2

𝐼 0,0
= 0.7071 × 0.7071 × 5 × 1 × 1 + 0.7071 × 1 × −1 × 1 × 0.7071 + 1 × 0.707 × −2 × 0.7071 × 1

+ 1 × 1 × 0 × 0.7071 × 0.7071

𝐼 0,0 = 2.5 + −0.5 + −1 + 0 = 1 1

I
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Inverse Discrete Cosine Transform

5 -1
-2 0

B 

1 2

I

𝐼 0,1

= 0.7071 × 0.7071 × 5 × 𝑐𝑜𝑠
𝜋 2 × 0 + 1 0

2 × 2
× 𝑐𝑜𝑠

𝜋 2 × 1 + 1 0

2 × 2

+ 0.7071 × 1 × −1 × 𝑐𝑜𝑠
𝜋 2 × 0 + 1 0

2 × 2
× 𝑐𝑜𝑠

𝜋 2 × 1 + 1 1

2 × 2

+ 1 × 0.707 × −2 × 𝑐𝑜𝑠
𝜋 2 × 0 + 1 1

2 × 2
× 𝑐𝑜𝑠

𝜋 2 × 1 + 1 0

2 × 2

+ 1 × 1 × 0 × 𝑐𝑜𝑠
𝜋 2 × 0 + 1 1

2 × 2
× 𝑐𝑜𝑠

𝜋 2 × 1 + 1 1

2 × 2

𝐼 0,1
= 0.7071 × 0.7071 × 5 × 1 × 1 + 0.7071 × 1 × −1 × 1 × −0.7071

+ 1 × 0.707 × −2 × 0.7071 × 1 + 1 × 1 × 0 × 0.7071 × −0.7071

𝐼 0,1 = 2.5 + 0.5 + −1 + 0 = 2
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Inverse Discrete Cosine Transform

5 -1
-2 0

B 

1 2
3

I

𝐼 1,0

= 0.7071 × 0.7071 × 5 × 𝑐𝑜𝑠
𝜋 2 × 1 + 1 0

2 × 2
× 𝑐𝑜𝑠

𝜋 2 × 0 + 1 0

2 × 2

+ 0.7071 × 1 × −1 × 𝑐𝑜𝑠
𝜋 2 × 1 + 1 0

2 × 2
× 𝑐𝑜𝑠

𝜋 2 × 0 + 1 1

2 × 2

+ 1 × 0.707 × −2 × 𝑐𝑜𝑠
𝜋 2 × 1 + 1 1

2 × 2
× 𝑐𝑜𝑠

𝜋 2 × 0 + 1 0

2 × 2

+ 1 × 1 × 0 × 𝑐𝑜𝑠
𝜋 2 × 1 + 1 1

2 × 2
× 𝑐𝑜𝑠

𝜋 2 × 0 + 1 1

2 × 2

𝐼 1,0

= 0.7071 × 0.7071 × 5 × 1 × 1 + 0.7071 × 1 × −1 × 1 × 0.707

+ 1 × 0.707 × −2 × −0.7071 × 1 + 1 × 1 × 0 × −0.7071 × 0.7071

𝐼 1,0 = 2.5 + −0.5 + 1 + 0 = 3
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Inverse Discrete Cosine Transform

5 -1
-2 0

B 

1 2
3 4

I

𝐼 1,1

= 0.7071 × 0.7071 × 5 × 𝑐𝑜𝑠
𝜋 2 × 1 + 1 0

2 × 2
× 𝑐𝑜𝑠

𝜋 2 × 1 + 1 0

2 × 2

+ 0.7071 × 1 × −1 × 𝑐𝑜𝑠
𝜋 2 × 1 + 1 0

2 × 2
× 𝑐𝑜𝑠

𝜋 2 × 1 + 1 1

2 × 2

+ 1 × 0.707 × −2 × 𝑐𝑜𝑠
𝜋 2 × 1 + 1 1

2 × 2
× 𝑐𝑜𝑠

𝜋 2 × 1 + 1 0

2 × 2

+ 1 × 1 × 0 × 𝑐𝑜𝑠
𝜋 2 × 1 + 1 1

2 × 2
× 𝑐𝑜𝑠

𝜋 2 × 1 + 1 1

2 × 2

𝐼 1,1

= 0.7071 × 0.7071 × 5 × 1 × 1 + 0.7071 × 1 × −1 × 1 × −0.707

+ 1 × 0.707 × −2 × −0.7071 × 1 + 1 × 1 × 0 × −0.7071 × −0.7071

𝐼 1,1 = 2.5 + 0.5 + 1 + 0 = 4
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Relationship between image size and DCT coefficients

11 x 11
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Relationship between image size and DCT coefficients

52 x 52
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Relationship between image size and DCT coefficients

512 x 512
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Relationship between image frequency and DCT coefficients

Original Image Recovered Image Difference

Mask Pattern

FDCT MASK IDCT
Original
Image

Recovered
Image



Mask Pattern

1x1
36

Relationship between image frequency and DCT coefficients

Original Image Recovered Image Difference

FDCT MASK IDCT
Original
Image

Recovered
Image



Mask Pattern

10x10
37

Relationship between image frequency and DCT coefficients

Original Image Recovered Image Difference

FDCT MASK IDCT
Original
Image

Recovered
Image
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Relationship between image frequency and DCT coefficients

Original Image Recovered Image Difference

Mask Pattern

200x200

FDCT MASK IDCT
Original
Image

Recovered
Image
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Relationship between image frequency and DCT coefficients

Original Image Recovered Image Difference

Mask Pattern

FDCT MASK IDCT
Original
Image

Recovered
Image
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Relationship between image frequency and DCT coefficients

Original Image Recovered Image Difference

Mask Pattern

FDCT MASK IDCT
Original
Image

Recovered
Image
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Relationship between image frequency and DCT coefficients

Original Image Recovered Image

Mask Pattern

Difference

FDCT MASK IDCT
Original
Image

Recovered
Image



42

Relationship between image frequency and DCT coefficients

Original Image Recovered Image Difference

Mask Pattern

FDCT MASK IDCT
Original
Image

Recovered
Image
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Relationship between image frequency and DCT coefficients

Original Image Recovered Image Difference

Mask Pattern

FDCT MASK IDCT
Original
Image

Recovered
Image
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Relationship between image frequency and DCT coefficients

Original Image Recovered Image Difference

Mask Pattern

FDCT MASK IDCT
Original
Image

Recovered
Image
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Relationship between image frequency and DCT coefficients

Original Image Recovered Image Difference

Mask Pattern
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Relationship between image frequency and DCT coefficients

Original Image Recovered Image Difference

Mask Pattern

FDCT MASK IDCT
Original
Image

Recovered
Image

QUANTIZE

24-BIT



47

Relationship between image frequency and DCT coefficients

Original Image

Mask Pattern

FDCT MASK IDCT
Original
Image

Recovered
Image

QUANTIZE

8-BIT

DifferenceRecovered Image
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Relationship between image frequency and DCT coefficients

Original Image Recovered Image Difference

11 x 11 Pixels

Discrete Cosine Coefficient
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Relationship between image frequency and DCT coefficients

Original Image

FDCT MASK IDCT
Original
Image

Recovered
Image

QUANTIZE

8-BIT

Recovered Image Difference

Mask Pattern
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Relationship between image frequency and DCT coefficients

Original Image

Mask Pattern

FDCT MASK IDCT
Original
Image

Recovered
Image

QUANTIZE

4-BIT

Recovered Image Difference
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Relationship between image frequency and DCT coefficients

Original Image Recovered Image Difference

11 x 11 Pixels

Discrete Cosine Coefficient

Low impact

High impact
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JPEG Image Compression Algorithm
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JPEG Image Compression Algorithm
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JPEG Image Compression Algorithm
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JPEG Image Compression Algorithm
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JPEG Image Compression Algorithm

FDCT

98   91 84 78 74 83 78 84
97   94 81 81 72 75 78 75
96   89 79 74 75 74 80 85
95   86 79 78 74 71 77 81
101 90 82 83 74 70 78 75
99   86 85 80 72 69 76 86
95   83 87 71 73 70 81 78
99   81 85 81 69 68 75 78
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JPEG Image Compression Algorithm

=

DCT

⨀

16 11 10 16 24   40   51     61
12 12 14 19 26   58   60     55
14 13 16 24 40   57   69     56
14 17 22 29 51   87   80     62
18 22 37 56 68   109 103   77
24 36 55 64 81   104  113  92
49 64 78 87 103 121  120  101
72 92 95 98 112 100  103  99

-1

Quantization matrix Quantized DCT

41 4 4 0 0 0 0 0

1 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 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0
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JPEG Image Compression Algorithm : Quantization Matrix



41 4 4 0 0 0 0 0

1 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 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

59

JPEG Image Compression Algorithm

41,4,1,0,0,4,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0
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JPEG Image Compression Algorithm

41,4,1,0,0,4,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0

141114112014580



61

JPEG Image Compression Algorithm



62
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141114112014580

41,4,1,0,0,4,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0



41 4 4 0 0 0 0 0

1 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 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0
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41,4,1,0,0,4,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0



41 4 4 0 0 0 0 0

1 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 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0
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41,4,1,0,0,4,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0
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⨀

16 11 10 16 24   40   51     61
12 12 14 19 26   58   60     55
14 13 16 24 40   57   69     56
14 17 22 29 51   87   80     62
18 22 37 56 68   109 103   77
24 36 55 64 81   104  113  92
49 64 78 87 103 121  120  101
72 92 95 98 112 100  103  99

=

41 4 4 0 0 0 0 0

1 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 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

656 44 40 0 0 0 0 0
12 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 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
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656 44 40 0 0 0 0 0
12 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 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

IDCT

98 93 86 79 76 77 80 83
98 93 85 79 76 77 80 83
97 92 85 78 75 76 79 82
97 92 84 77 74 75 79 81

96 91 83 77 74 75 78 80

95 90 82 76 73 74 77 80

94 89 82 75 72 73 76 79

94 89 82 75 72 73 76 79

98   91 84 78 74 83 78 84
97   94 81 81 72 75 78 75
96   89 79 74 75 74 80 85
95   86 79 78 74 71 77 81
101 90 82 83 74 70 78 75
99   86 85 80 72 69 76 86
95   83 87 71 73 70 81 78
99   81 85 81 69 68 75 78

Original Image
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Short name Bytes Payload Name Comments

SOI 0xFF, 0xD8 none Start Of Image

SOF0 0xFF, 0xC0 variable size Start Of Frame (Baseline DCT)
Indicates that this is a baseline DCT-based JPEG, and specifies the 
width, height. , number of components, and component 
subsampling (e.g., 4:2:0)

SOF2 0xFF, 0xC2 variable size Start Of Frame (Progressive DCT)
Indicates that this is a progressive DCT-based JPEG, and specifies 
the width, height, number of components, and component 
subsampling (e.g., 4:2:0).

DHT 0xFF, 0xC4 variable size Define Huffman Table(s) Specifies one or more Huffman tables.

DQT 0xFF, 0xDB variable size Define Quantization Table(s) Specifies one or more quantization tables.

DRI 0xFF, 0xDD 4 bytes Define Restart Interval
Specifies the interval between RSTn markers, in macroblocks. This 
marker is followed by two bytes indicating the fixed size so it can be 
treated like any other variable size segment.

SOS 0xFF, 0xDA variable size Start Of Scan

Begins a top-to-bottom scan of the image. In baseline DCT JPEG 
images, there is generally a single scan. Progressive DCT JPEG 
images usually contain multiple scans. This marker specifies which 
slice of data it will contain, and is immediately followed by entropy-
coded data.

RSTn
0xFF, 
0xDn(n=0..7)

none Restart
Inserted every r macroblocks, where r is the restart interval set by a 
DRI marker. Not used if there was no DRI marker. The low 3 bits of 
the marker code cycle in value from 0 to 7.

APPn 0xFF, 0xEn variable size Application-specific
For example, an Exif JPEG file uses an APP1 marker to store 
metadata, laid out in a structure based closely on TIFF.

COM 0xFF, 0xFE variable size Comment Contains a text comment.

EOI 0xFF, 0xD9 none End Of Image

Common JPEG markers

https://en.wikipedia.org/wiki/Discrete_cosine_transform
https://en.wikipedia.org/wiki/Exif
https://en.wikipedia.org/wiki/TIFF
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Matlab image processing function

Forward Discrete Cosine Transform: 
Idct=dct2(im);

Inverse Discrete Cosine Transform:
im=idct2(Idct);
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http://insy.ewi.tudelft.nl/content/image-and-video-compression-
learning-tool-vcdemo

Image Compression Demo


