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-Discrete Cosine Transform (DCT) 

𝐶(𝑢, 𝑣) = 𝑎(𝑢)𝑎(𝑣) ∑ ∑ 𝑓(𝑥, 𝑦)

𝑁−1

𝑦=0

𝑁−1

𝑥=0

cos [
𝜋(2𝑥 + 1)𝑢

2𝑁
] cos [

𝜋(2𝑦 + 1)𝑣

2𝑁
] 

 

For Example: 

Get the DCT for the block of 2x2 image below:  

2 3 

4 1 

 

Sol.: 

N=2 → u and v=0,1  

𝐶(0,0) = √
1

2
× √

1

2
∑ ∑ 𝑓(𝑥, 𝑦)

1

𝑦=0

1

𝑥=0

 

𝐶(0,0) =
1

2
× ∑ ∑ 𝑓(𝑥, 𝑦) = 0.5 × (2 + 3 + 4 + 1)

1

𝑦=0

1

𝑥=0

 

𝐶(0,0) = 5 

𝐶(0,1) = √
1

2
× √

2

2
∑ ∑ 𝑓(𝑥, 𝑦)

1

𝑦=0

1

𝑥=0

cos [
𝜋(2𝑦 + 1)

4
] 

𝐶(0,1) = 0.7071 × [(2 × 0.7071) + (3 × −0.7071) + (4 × 0.7071) + (1 × −0.7071)] 

𝐶(0,1) = 0.7071 × [1.414 − 2.121 + 2.828 − 0.7071] 

𝐶(0,1) = 0.9997 ≅ 1 



 

𝐶(1,0) = √
2

2
× √

1

2
∑ ∑ 𝑓(𝑥, 𝑦)

1

𝑦=0

1

𝑥=0

cos [
𝜋(2𝑥 + 1)

4
] 

𝐶(1,0) = 0.7071 × [(2 × 0.7071) + (3 × 0.7071)] + [(4 × −0.7071) + (1 × −0.7071)] 

𝐶(1,0) = 0.7071 × [1.4154 + 2.1231 − 2.828 − 0.7071] 

𝐶(1,0) = 0.7071 × 0.0034 = 0.0024 ≅ 0 

 

𝐶(1,1) = √
2

2
× √

2

2
∑ ∑ 𝑓(𝑥, 𝑦)

1

𝑦=0

1

𝑥=0

cos [
𝜋(2𝑥 + 1)

4
] cos [

𝜋(2𝑦 + 1)

4
] 

𝐶(1,1) = 1 × [(2 × 0.7071 × 0.7071) + (3 × 0.7071 × −0.7071)] + [(4 × −0.7071 × 0.7071)

+ (1 × −0.7071 × −0.7071)] 

𝐶(1,1) = [0.99998082 − 1.49997123 − 1.99996164 + 0.49999041] 

𝐶(1,1) = −1.99996164 ≅ −2 

The result of DCT: 

5 1 

0 -2 

 

 

-Inverse Discrete Cosine Transform (IDCT) 

𝑓(𝑢, 𝑣) = ∑ ∑ 𝑎(𝑢)𝑎(𝑣) 𝐶(𝑥, 𝑦)

𝑁−1

𝑦=0

𝑁−1

𝑥=0

cos [
𝜋(2𝑥 + 1)𝑢

2𝑁
] cos [

𝜋(2𝑦 + 1)𝑣

2𝑁
] 

 

 



 

For Example: 

Get the IDCT for the block of 2x2 image below: 

5 1 

0 -2 

 

Sol.: 

N=2 → u and v=0,1  

𝑓(0,0) = ∑ ∑ √
1

2
× √

1

2
× 𝐶(𝑥, 𝑦)

1

𝑦=0

1

𝑥=0

 

𝑓(0,0) = ∑ ∑
1

2
× 𝑓(𝑥, 𝑦) = 0.5 × (5 + 1 + 0 − 2)

1

𝑦=0

1

𝑥=0

 

𝑓(0,0) = 2 

 

𝑓(0,1) = ∑ ∑ √
1

2
× √

2

2
× 𝐶(𝑥, 𝑦)

1

𝑦=0

1

𝑥=0

cos [
𝜋(2𝑦 + 1)

4
] 

𝑓(0,1) = 0.7071 × [(5 × 0.7071) + (1 × −0.7071) + (0 × 0.7071) + (−2 × −0.7071)] 

𝑓(0,1) = 0.7071 × [3.5355 − 0.7071 + 0 + 1.4142] 

𝑓(0,1) = 2.99994246 ≅ 3 

𝑓(1,0) = ∑ ∑ √
2

2
× √

1

2
× 𝐶(𝑥, 𝑦)

1

𝑦=0

1

𝑥=0

cos [
𝜋(2𝑥 + 1)

4
] 

𝑓(1,0) = 0.7071 × [(5 × 0.7071) + (1 × 0.7071)] + [(0 × −0.7071) + (−2 × −0.7071)] 

𝑓(1,0) = 0.7071 × [3.5355 + 0.7071 + 0 + 1.4142] 

𝑓(1,0) = 0.7071 × 5.6568 = 3.99992328 ≅ 4 

 

𝑓(1,1) = ∑ ∑ √
2

2
× √

2

2
× 𝐶(𝑥, 𝑦)

1

𝑦=0

1

𝑥=0

cos [
𝜋(2𝑥 + 1)

4
] cos [

𝜋(2𝑦 + 1)

4
] 

𝑓(1,1) = 1 × [(5 × 0.7071 × 0.7071) + (1 × 0.7071 × −0.7071)] + [(0 × −0.7071 × 0.7071)

+ (−2 × −0.7071 × −0.7071)] 



 

𝑓(1,1) = [2.49995205 − 0.49999041 + 0 − 0.99998082] 

𝑓(1,1) = 0.99998082 ≅ 1 

The result of DCT: 

2 3 

4 1 

 

For validating the example above by Octave-online: 

 


